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R€quirements for comptetion ofM. Tech in Thermal Engineering (MTE)
tAs per NIT academic stalules)

L A student has to complere a minimum of60 credits for the award ofM. Tech Degree.
The ffedir structure is as follows:

a. Core: t3+l l+3:2Tcredits

b. Dissertalion: lg credirs

c. Electivesi l5 credits (Minimum)
2. Full time sludent has to take I2 to l7 credits in each semester.
3. Pa( time student has to take 9 to I 2 credits i n each semester.
4. In addition to above a student can audit a total number ol3 courses during hiyher enlire

prograrnme ofM. Tech. for which hdshe wiI be awarded an AU grade, subject to the folowjngja ln It year: I" semester. full time student is not allowed to audit a course whereas a
part-time student can do so.

b, A part-time or full-time student can audit only one course in one semester.
Eligibility critcria foradmission to M. Tech in ThGrmat Engin€ering (MTE)
L BE./B. Tech (4-year programme) jn Mechanical Engineeriflg/Chemical Engineering from

Accredired/Recognjzed University/ Insrilution having a valid GATE score
2. Sponsored/Self-sponsored category shall be admitted as per Institule policy.
Seat Mrtrix
The category wise seat matrix forJuiy 2022 session will be as follows:

Intake capacity ro. proposeaT. f[

* )\-,z\,
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ThcrmalEngineering FirstSemester

S. No.

MTE IOI

I!{TF O'

Subject
C L T P

;;;;:=r=J 
--

0 0

MTE INl I
0 0

MTE I04

MT-Ni

rvrcasurement I echntques 3 0 0

;;:;:r i-_i - * 0 0
uro rtow LaDoratory

Elective'-l
I 0 0 2

0 0
Total Credit'. &

Thermal Engineerin
I6 l5 0 2

g Second Semester

S. No.

MTE I06

MTE 
'07

chMc23

MTE 
' 

OS

MTE I 09

Subj€ct

tdvar;daoncepts ET;rmoayna-ics
i,n]#-;.-i-- 

-

C L T P

0 0

] 0 0
wntl/s@uuxar f rq.u uynarnrcs

senxnai-

@

-

E'#;-;i--

3 0 0

0 0 6

l 0 0 2

3 0 0

0 0

l7 t5 0 8

Thermal Engineering ThirdSemester

Design optim-zation-

Elective-IV

Totd Credits & LTp

Th€rmalEngine€ring Fourthscm€ster

MTEIlI Dissertation-ll

TotalCredits & Lrt?

A(
M. Tech. Scheme in Thermal Engineering

and



S.No Course Code Course Title Credits L T P
I MTE.I ] 2 ruts aro slmulatlon ot l.hermal systems 0 0
2. MTE.I I3 rvrc.nooologtes and ltchniques

0 0
3. MTE.I14 Engrneeflng

0 0
4. MTE.I 15

0 0
5. MTE-I 16 ^wyqLEu \ Idecrerrzalton and tnslnrmenhtion

r ecnntques tbr Thermal Sysrems
0 0

6. MTE,I I7 ,",,uosoarc ano Nanoscale Heat Transfer
Lr-J=;i-

3 0 0
'7. MTE-I I8

2 0 I
8. MTE-I I9 !!,!r5, MdEtsetrrcnr ano Auottrng 3lo 0
9. MTE.I20 -"8,,'€ rvroocrrng Ano Slmulation 3 3 0 0
t0. MSD.I02

0 0
1l MSD.205 vatrcso Lonlrot lystems

0 0
12. MTMEI5

3 3 0 0
t3. PSPHY ELI l 0 0
t4. ChMCI I vd Uc(] I ransport fhenomena 3 0 0
15. ChME26 uuqdrcnurs or ruel uell l.echnology 3 0 0
16. chME2s urun€ntal Eng. and Waste Managemenl 0 0
t7. EEMI29 ! rJU' ru Lrcuurc v€nlctes

0 0
r8. EEM I08

3 0 0

Listof Electives (EIective-I, Elective_[, Elective_Ill, Elective_Iv, Elective_])

\r
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MTE IOI CONDUCTION AND RADIATION
CLTP 3 3 O O

Introduction, Thermal enerpv eouation in a solid medium, Fourier,s law revisited,thermat conduciviry rensor, Iniria'i and u*a"ry 
"_aiti""i' ""ir_ii..illi"lilr"a", ,r"equation. sready stare in one dimension. ,rru urJJir.,r". g"#""i".. n.ii'"'iililion ,, n",steady'are in rwo dimension. hear conducrion i; ;q;;;;ff ;i;:il;;fi:,;iJI[.lr,,norn",

Unsteady heat conduction in one rnd two dimensional regions, bonded onedimensionaldomain. ransient response of linear sv<ems. semi-infinite -ff'ar. ii."_J"p.ra""r"u*ra"rlcondilions. rime-dependenr source rerirs. one dimensionar pr,r." 
"r,"rc".'i .iiij,*roi,i"",movement ofphase front in suDer_cooled ti

r,.,t r*^ r., j,"r-r,oJ o;;.;n r;il;#,l #;fi :::'ll'f ',:: ilI,#l;**:f j;k:
rnverse pfoblems

Planck's law, special form. Iadi
surf-aces, Energy exchange bet*een diff *.ul:-l 

intensiry'^energy exchange ben, een black

una *aiurion.?ujiuii,e:il;;;;';';;il'.TL;ilT::rTT*:i:L,",fl'J,"l,.""[Hlii:
transpon equation
Textbook and References:

I 3::: !:lgl"ll* P) .N..o7isik. rohn witey. rohn wirey, 20r2r. Heal L onduchon b," Kakac. S.. yener._y.. Naveira_Cona. C.p.. CRC press, 2018.3. Conduction and Radiation bv K. Muralidh", 
"ra-t. 

e"ril4-... ili."*,dJiii#", r*4. Thermat Radiarion Heal Transfer by sigeta"a H""ar, vii-** iiiji. iiif,,.

MTE IO2 ADVANCED INTERNAL COMBUSTION ENGII\E
_ CLTP 3300
Basic design of intemal combustion gnging5. Design techniques for engine manifolds.

l[J#i"J$"i11; f.T:]:llill,"*"."*:rlr n";, 
"r;.1i'1"1]i1. e.,'ii l,i*. *,o"

*grni.ir;"." ";dl;;i;ffiililr;i:,i::l* :lffijtff:j,in intemar combusrion

Main componenrs orelectronic ruet injecrion iy,i;;.;;;;r"i;"."X;ii.ii,?i ,nj."rio,
:Ls5T.. 

Throftte body.injecrion. porl injection and direcr rr.r-i":"."ii"r'i.it 
"iq#'p"rr*i",Irom rnremar combuslion engines. Mechanism orpotturion ror,,itron-']rlr,.#iii..ur"i",

engrnes.

Design ofcatalytic converters anri filters for pollution control from I C engines. Bngineperformance with altemative fuels like hvdrogen, cNc, r-pc, r.rl, 
"liui"'*g"iXili"""llr, ui"diesel etc. engine modifications foralte;lrve fuels.

Textbook and References:
I. Advanced Engjne Design by Hoag. S,4E p ublication,2005.z. runoamentats o, IC Engines by J B Heywood, Mccra\a Hill.

Y
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MTE IO3 INSTRUMENTATION AI{D MEASUREMENT TECHNIOUES
c LTP 3 3 0 0

Characteristics of Measurement Systems - Elements of Measuring lnsrumentsPerformance characteristics - static and aynurr" 
"r,ru"i"riiti"; i;ffiil;: il,uryris orexperimenlal data - Caus€s and NDes of exp€rimental e.il - E;;;';;;rfr analysis-sratisricat & graphicat me*roos -oiotauirity a'istrilrti_r. i".p"*r* i"^iiil'iiil -rn""*Thermat expansion methods. srandards ora curitiuitor. ii'"'*."j""irii?J,ii"rl,i*o"*"thermometD. Junction semiconductnr sensors. pyromelr). Infrared 

_irnrglnr' 
ryrar,.Temperature measuring problems in nowing fluids, or'r",,i" i"rp.r.l"'[ ,y*.i"compensalion ofTemperature sensor. Hear Fluxieasuremenrl. 

' _ ""'"""' *
rtuto pressure measurement - vechanical & Eleclrical types. High pressure & Lo\apressure measurements, Differential pressure Transmitters. ;"';; "& ir.iri"r, n"*measurcments - Determination of Revnolds srresses _ Flow ,ir*iir",iori"inio*. - c.*Volume flow measurements _ Measuremenr of Liquid level. O.rrf ry. u1*riyl,1i,].fal,) aMoisture. compressibte flow measuremenrs. Tt.#"r e*r1ii, i".ii,iq;;;:'n;:^#.*o,ncombustion: Species concenlralion. Reaction rates. Flame visualization. aiJ*.j .p..i..diagnostics, particulate size measurements. Data A;qrri,,l", 

"rJi,;ilrri;e 
'];*";;r", 

o"r"Acquisilion syslem - Signal condirioninr, - O"o u"rr,nirrior'--,q,O ;;;';"";;;j:, ,""storage and Display - Computer aided e;penmenElton.
lexl tsook and Referencesi
L Measurement Syslems - E O Doehtin. D N Manik _ 6/e, Mc Graw Hill, 2015,
I l:ry::"r:". l":lrre and Air Fto\a tMeasurer.nr. by R..p. Benedicr. John Witevr. rruro Mecnanlcs Measurement by R.J.Coldstein. Taylor and Francis, 19064. hxpenmental Methods for Engineers by J.p.Hotman, VcCra* Hitf,-iOOl-

MTE I04 COMPRESSIBLE FLUID FLOWS
CLTP 3 3 0 0

. . Introduclion. Concepts and applications of compressible flow. speed of sound andMach number. supersonic Flo\a: Normar,shocks _ cove;;i;Ar;i;;;r."il;'i.tll 'r,ru"no,,
Prandtl and other retations. weak shocks, ,hi"k .;; ;i ;""J;;"r,n"i'1iil[r', o*o,performance of convergenl dilergenr nozzle *irr, ,f,o.1..- rorin!'ri"cik'i,)i,*, ,rr*r.problems in one dimensional supers-onic drttuser, supersonic pitol lube. Flow in Constant AreaDucl under different conditions: Ftow in Connarlt A."'D;;; ;; ';;i",ioii'Eor.*ing
equations, working formulas and tables. ctot<ing are.J iricrio;'p".i"r."r""t,irg o"or,Isolhermal flou in long ducrs. FIow in.Con$ant Area Duct;ith ff"uiing 

"nJcoofing,Co!eming e_quarions_ working formuta and tabt",. .h"i.;;t ;.;;. .*ri iiil"r, *"*uaves *ith changes in sEgnalion temoeralure.
Ceneralized One-Dimensional Flow: Working equationg general method ofsolution,example ofcombined friction and area change, E**p], ,ir.ornUin!J-ii",i", anai*, n-.r*.

931::: 
,lfl: o*"rnins ph)sicat equarions and ginerat relarions. sho"l p"ir al-g*rn 

"roauxrraD dragrams, slrong and weak shocks. deh;hed stoct. inr.,aciiln""nJ ,"-ilrion orshocks-
Method of characteristics flows & its anplicarions: Ceneral principle of integration usingmerh od 

. 
of 

.c 
haracrerisrics.. appticarion ri on. ti.ensionai i's.ri",'0" o.riiliii _r*"

lXfl'fi,'# 
t" 

"*0, t\r o dimensional irrotational isenr.ropic srp""oni. ni*.l erurair-nr"y.,

Textbook and References:
1.

2.
3.

Compressible Fluid Flow by M.A. Saad. prenrice_Hall. New Jersev I Q*5
uas Dynamics by E. Rathakrishnan. prenlice_Hall oflndia. N.*'O"ff,i, ZoOZ.The Dynamics and Thermodynamics of C
Ronald press. New york- tgs? 

ompressible Fluid Flow by A. H. Shapiro, The

M. Tech. Scheme in Thermal Engineerjng



MTE IO5 ADVANCED HEAT AND FLUID FLOW LAEORATORY

I . Experimentat Analysi, of r*, f*ll ' 'o 
o'

Forced convection, ii) Nat *l .orr."rioo Tllems 
- use of Data Acquisition Sysrem for: i1

*i'e cona.nsation. vi'e ffi;;;i#;:;Jll;fieat pipe hear transrer' iv) Drop wise / Film

i if-,::lT1':-".-f 'h..rmat 
conducliviry oftiquids using KD2pro). yrcasurement ot velocity profile in a boundary layerq. Measur€menl ofLiff and Drag ovcr aa airfoil

). rertormance Characteristics ofFan and Blowers
o. Measurement ofdelailed temperature field using lnfrared Thermography

MIE 106 ADVANCED CONCEPTS IN TI{ERMODYNAMICS
. CLTP 33OO
Scope and methods of thermodvnamics. Review of Thermodl nam ics. Basic relationsand the First la\r. revie* of properw evaluationand basic tu*.. n oi tuiu 

.for.."tJr.a 
.yrt.r r,arowed shres. uncoupled and couoled svsremr. c.n.rut co^e*uiio" 

"r#rg, i.rir"ipl. f"r.a Conrol Volume. Transienr flow anallsis. Structured presentalion oi.First law ofThermodlnamics. The second lau for cl95gj 5ys1sms. reversibilily. enrop) funcrion, secondlaw analysis for control volume. Ent
caratheodoq r;-;H; ;;;;:;;.'i;'l"o{ 

production in simple c}clic devices, Bom-
emciency. alailabililyanalysis ofcvcles 

Availability anal)sis' irreversibility second law

Equalioh of state. chamcterisrics of pvT behavior. compressibility factor, rwo-parameler cubic equation of slate. corr€spondtng slates principle. three_parameler cubicequarrons of srate. other equations or srre. ttrerm-oaynamiJ o.o!,i, [i",i,,rrl. i jro**"r
#i::ff"fi::#,ffi |i','J.:,'ffi .t',:::lltl'"tutio* 

ro' 
"rl,gi int"i,"pv.'i,,"i"r *.,ev

rh..."dil. ;;;;;;i#;; ffi;:;:.';ii: l,1 ifi?::3,1!H, #",,,*dHl :ilfl;l"li;sysfems of variable composition. oaiial rsoturions nolat properties. fugacity. fugacity coefficient. ideal

Text Book and References:
I. Advanced Thermodynamics for Engineers by Kenneth Wark, McCraw hi tqo52. Advanced Engineering Thermodynimics bl aa*ir-g.i_. j;i; ;;;: ';;,il,"
r. Loncepls ot thermodlnamics Edward F. Oben. N4cGra\ Hill. i960-, 

-"
4. A Course on Thermodynamics by Joseph K*tir, Lf.Cr* iiij,-iiiS

N(
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MTE IO7

ChMC23

_. CLTP 3300
Historical Outline, Fundamentals equations. of morlon and continuity applied to fluidflow, General stress systorn in a deforrnable body, Stok€.s hypothesis, fhe 

.NavieFstokes

ffil'.",';,:i::H!Iflfl'd:l[Y-'r:*'9.!es.equations p.*ri.l i"* ,i,.,]i 
" o,",ch,

ot non-sready sorulions. 1u.;nu, 6oun6u'llYille 
theory of.flow through a pipe A 

"general 
class

cenerar pro jenies ani i;;;,,"#;:,?"'r?ff ;^}:i:Xti?r::Ifl :;J:lll'., jj*,i*;
ilffi;"il g,x1lltJfi |HJ".,:';:.|,',#;THI mi:" "xdru:mtInregral Equarjons. Approximite Methoru",ia^1..1,,1.1.1!fi,r!il:i.,*i;,:l':;"f:,,[.'.."Jij,ilr1]i. rwo- dimensiona,. s,eady

t,ounoary Layer Control ( Suction6lo\a ing). Conrin,iors suction ana Blowing. Similar
:l::ifi,:;fl:.::iilSl*;'J:li:i:.' iu'"inu'-tu'u,t"nii,un.r,i",."s","lii,, **o.
turbulent stress€s. Derivation of rhe stre.. f ^e-Yion' 

Fundamenrals of (urbr_rlenr flow. Apparent
srot<es equations.-erar#; ;il";'l:;:""'or ol apparent lurbulenl friction from rhe Navier-
unrversal !eloci0 disrriburion tu*.. vnn{h 

theory' von Karman's similarity hypolhesis.

texrbook and Reierenc".;,._ 
*.,*,.,, Karman.s velocity distribulion law.

I 3:^11L1?,.11:lrn:ory.by Schrichring S.. Mccraw Hi , 200r.z. vrscous Hurd t-tow b) White F.W..tMccraw Hill, 1990.J. Advanced Engineerine Fluid l\4echanics by Muralidh;K.M.. Biswas G. Nam.ra,200J.4. An Inrroducrion ro Ftuid Dlnamics by Barif,.f"^C.X.. Clririal. ir;,;;;t,;;;:;, ,*o

VISCOUS FLOW T}IEORY

COMPUTATIONAL FLUID DYNAMICS
CLTP 3 3 O OReview of basjc fluid mechani

Techniques for solurion ofpDEs- fini,"1:ind 
the goveming o{avier-Stokes) equarionsl

vorume merhod: Fin iie ;;t" i ;:;n'"li','""#ff1"*Ii,Ji#il:il#ili"j#ili.i
and unsteady catcutarions: B;unria* condirions; fv ai..r*_i., "litill ant th.eedimensions: SIMpLF algorithm and nlw field calculatiors; variants of SIMpLC. Iurbulenceand turbulence modeling; illustrative flow
crx - gria e.ne.ution, i;;;;::;#:"puElions; commercialsoftware's FLUENT and

l-DM and FVM: Flow and heat r.rrf., i1ryttpt"":tinS 
specialropicsi case sludies using

n;;. ffi ;;,il. ;','ilffi J[::fl":,:"'fi flX ;Tff:i ;Tffi#lj]i,1:}I ;lji,,,l
Textbook and References:
I. Computalional Techniaues for Fluid Dvnamics by.C.A.J Fletcher.springer- Verlag. I9sg.2. Computational Fluid Dynamics by J.Dinnderson- McCrau Hi roo<r.(lompuler Sjmutation of Flow and Heat Transfer b) p.S. Cf,oiii b*riai. fur, V"Cruo
t998.
4. Numerical Heat Transfer and Fluid Flow by S.V. patankar, Taylor and Francis. 2004.

M. Tech. Scheme in Thermal Engineering
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MTE I()8 SEMINAR

. The student shall ,no"r.ro"n,ir lJ' " o u

under tre-s,pervhion o, ;6;il;#;,::f#H*,"jffi t :*i# r"ffi:,fl":il,;i
presenlatton, compressive report and viva voce.

MTE IO9 INSTRUMEMATION A
t. suu-crurar derermina,,o" o, **o.rit",B TflT** "*oRAroRY
z, surracenorphorogy ofth. m"r".iar, bvlsf,lline 

materials by XRD.

J. Synthesis of Nanofl uids
4, Determination ofchemical structure. Dh,rpeckoscopy ue' composition etc ofthermal materials by Raman
5. Determination of viscosity of Nanofluids using Rheometero. Use ofZeta porential for nanofluids

MSD 104 DESIGN OPTIMIZATION
CLTP J 3 O OMotivaling examples of calculrs of.varialions.- Fundarn en ta I lemmas of calculus ofvariarion. Euter-Lagrange {E_L) equarions. appticarions or i_1 ffiion.'ili"i,rrl^ , e_Lequ€non to multiple derivatives, indeDen

p,oulem+gloaat ina toc;ii;;;; il:ld;t-::i 'ariabjes' 
multiple snte variabres lsoparimerric

:lfi::, ,o.cons,rainrs. opei;.;,i";l;"fl'}.:;fi'.X*l,|j 
fiTilf",pJ#,,j,'lX..'f,X"J

;XX1["J;,1,?ff*f 
*d condirions_rmnsversuriq .o,airio.ns. ii,e oiririi,li.o,ioru u, m,

,""0.0 .?#ll'ffi'.i",li*":_rff:Hn"::,,llabre bounds). worsr road scenario for an axiaUy
and ) with stress constmints. Beam problems for stiffness

il!l"XTl;"o'"'o*'o' 
of a beam for given deflection, variationar formurarions for the

problems: strings. bars, beams. and othe
variaute-rtricrnlss opii;;il;;';;:l':.:*sric-srructures o^primum design of a corumn.

.._" pinit"ai,.,,lo,uril;#;T"^:lili,U.".":*;TLfl:;'^",o,lIilllopti,i_rion
techntques using the optimization roolbol
I ext Book and References. 

( tn MATLAB. Gear design optimizatiofl.

l. Calculus of Variations with ADDlication
uover publications, 1974. s to Physics and Engineering by Robert weinstock,

i;",i,flfi]H.i,1,I8i?iions 
wirh Applications bv Gupta A.s, prentice-Harr or rndia prt.

3. Calculus ofVariations by Celfand, I.M., Fomin,S.V., Dover p'blications. 2000-

)ua
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MTE TIO

MTE lIT

DISSERTATION-I
CLTP 6 (} O 6

DISSERTATION.I
CLTP 12 0 018

The dissertation will involve the following activities, review of rclated work,specificarion^. d€sign and impremenrarion, evaluation-and preseniarion. rt *irl u" i..".."0 o,lhe basis of skill demonsrrated in the application 
"f 

j*ig" 
"ia--"rrfr"iio'n- 

i."f,niqr".,
llejlliy-. :lighlri,y "nd 

mastery of-the chos", n"ra, ,orrrJ or *orr 
""ii""ii, ir,r,,.i",rn

:1" i:]:C*:-:_,1,': 
.-llducL quality ofourcome as shown by effecriveness as system or qualiryoI rne exf,errmental results. com.leteness, coherence, organization, reada_bility,comprehensibility. fhe srudents will bi encouraged ro publish at least on" rur* in 

"nyintemational joumal of repute, besides presenrirg,;.i, *.i[ i"-".r;..;;.a"r[rf;r.

LIST OF ELECTIVES
(ELECTIVE..I, f,LECTIVE-II, ELECTIVE.-III, ELECTIVE--IV, ELECTIVE-\,)

MTE I 12 MODELING A]YD SIMULATION OF THERMAL SYSTEMS
CLTP 3 3 0 0

Inlroduction. Design versus Anal)sis. Synlhesis versus Design. Optimal and Nearl)

^O^!l'1l11, *.f,lt Life Cycte 
-Design. 

Themat design aspects. 'i"""ip,, i."i"" anoassessmenL I nermat system (Basic Characleristics. Analysis), some rypical eMmples.

,f:,]?,": :.1I: ":ign 
problem. steps in.aesign proc.ss.-ill".i"i ..l."ii,i]ii"l",ri,g 

"rmermat syslems. tvpes o[ models. N4athematical modeling. General procedure(Transienlisteady slate. spatial dimensions. lumped rnass upp.*Jriu,ioi, 
'.-ir*f 

iiou,ion ofboundary condirions. negiigibte et-recrs. ideatizations. ,;i;i;;;;;il:';#.,#iion ru*r,simpliflcation of goveming equarions). finat. modef 
"ra 

,"iial,i"i. pf,y.i""i"r"i.,r, _odimensional anatlsis. curve-firling. Numericat ,ooering ana i;;lario; t.irit"" pr"*ar"",
methods for numerical simulation,

Formularion of problem for oDlimizalion. optimized design. objeclive funclion,constrainls..operating condlions versus hardware. optimization ,"rf,'oa-. iC,uf"ri* r",f,od.,
l."lt^fl{1 * r oprimizarion 

"r 
tr,erm"r iyslms, ii"".ri",",r*.'ii'i"""""a u* 

"rI ncrmooynamlcs. hconomic analvsis. Fsrimalion oftolal capital cosl. principles ofeconomice!aluarion. Thermoeconomic anatrsis and evaluarion. eppri*ii""l'ri,iif, ifl"rm"ir*i*,
Hear and Ftuid flow. Cogeneratlon system Exergy #r;t, -il#; 'N.ri"ir"r, 

ai",,Elecrronic package-s. Refrigerarion, powir Gen"*tioi', an".gy sto*g"'ivl"r.iri. i""rr.Textbooks and References:
l. Themal Design and Oprimizarion by Bejan, A., Tsatsaronius, G., Moran, M., John Wiley,

2. Design ofThemal Systems b) Stoecker. W.F. Mccran Hill, 2017.
J. Design ot Fluid Thermal Sysrems by Janna. W.S.. Cengage Leaming. 2015.

)v
M. Tech. Scheme in Thermal Engineering



MTE I IJ R.ESEARCH METIIODOLOGIES AND TECHNIOUES
CLTP 3 3 O O

Definition and objectives ofResearch _ Types of.eseurct, Various Steps in Researchprocess. Mathematical tools for analvsis. I
L i,*,,",.,ii.^.' i,*.yi.;:' fi iili "dl:i,i,::i ffijfi- ;:ff:.ffi:i"",'i"T,;fijf Irethinking. critical evaluatio-n. intemrerarion. Research purposes. Fthics in research ApA
il1::::ff. euanrirarive r\4erhods ior proble, soruing: ili",ri"j n.iiiJii"el.;d.o*r),t..

Analysis probability Disrriburions.ruurti,a.rare-me,iroaslc;;ffi;i:il.i"i,:l'ffi'ffiJ":::T5fi:|*:if;.jl+,,;Il..ii:;
Analysrs and Spechl Anallsis. Enor Analysis, eppticarion, oi sn""r.r;;;i,:1" '

rabutar and graphical d..".iorion oidutu, t'ubt", ;;;;il";;ilfi:f"il dara oronevariabte. Tabtes and sraphs rhar show rhe r"rutionrr, ip- ilriiJr'i" 
"""#iilij. i. oor,",ben{een ftequency distributions and orher

co_pon.nr,'of ni.*-i.ffi il ;il ;:tfJ;:[ J#3fl TFJi,:"iil ilffi: J:T,.#:i:lwnttflg a research-repon. referencing in academic writing
lextbook and References:
L Research Methodology tMerhods and Te(publishers. 20tg )hniques by C.R. Kothari,,New Age Intemational

2. Research Methods by Donald H.McBumey, Wadswo(h publishing Co Inc, 2006.

MTE I14 RXFRIGERATION ENGINEERING
.. CLTP 3 J O OThermodynamics process Dertaininp ro refrigeration and air conditioning. Fjrst and Secondlaw,applied.lo refrigerating machines. C-amor p;1,"ipf... cOp. n.r;r;i"-?, ir.j,l] ,r,*.",merhods of refrigeratjon. Retrigerants _ Ctasiin*,ion_ a"rigruiion or r"?rii.,iiiJ._ *r*,i",

[]l[:"J,;, lHil:l'J3#i,fi:;;I]T':. r'*';"6-h;;;i ;;;;#["] i..",a"o
rrai 

"rrig.;r,r.' 
i;*i, 

"#r'"r"r'Jttt'*eranls 

clobal warming' Altemate relrigerants'

compt"t" ui'por, 
"ompie.;"; ril#l'-' 

systems' Actual vapour compression system -

. Advanced vapor compressi;n system, muhi pressure systems. Flash gas removal, I \aoeval9rator and one compressor systems. one .rupor."ro, url ,*o""#p"r!", ,rr,.rr, 
"rt 

a,combrnarions of compressors. evaonrarors.and .irra"r*rr. i"* i".i"'r",Jr. iiii,r..u,,"".
::::11:_:I:".r: ft"Tat compression againsr m.chrricur co.pressioi _iipour. uu.orp,ionrerngerarron sysrems _N4aximum Cop_ common refrigeranl abriiu""i.yu"#- ii"ain*,i""ro simple vapour absorplion svsrems - Using Iiqria-riiria r,*i i*.r,urr,.,']'tl"r"jr"rr.* _Acruat vapour absorprion sysrems _ and ir. ;#"";,;;;;J":;;::':":' --:.1:"ts i.Absorprion s)srem J"r.,r"ir"",ILriii",.'J:#tJf:i:lii,ll*1,?;:IFfl1T:1,llH.i;
Refrigeration Systems; Thermodvnamic
,+,ig.,rio^,y,ri, i;;;;;#.#i;:,1,#:;:';Jlfl[],":[.j,1"::fl,#.f#',Jr.:l",,
Non convenlional refriserarion ,rs.,i* _ rn..,o et.;;;;: ;;ilil:''"''Jln.* ,ro.refrigeration s)slems - Ej ector com pression ,ysrems
l'extbook and References:
IRefrigerationandAircondilioningbywirbertF.sro€cker.MccrawHir, 

IncIqg2.2. Refrigemrion and Aircondirionin; by C.p. Ar"r.. T; M;C;;;'H;]i;;d.'.,'.,
3. Refrigeralion and Air condirionin! by noy. .t Dossal prenljce Hall4. ASHRAE Handbook _Refrigerarion, nSHRnE
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MTE II5 CONVECTIW HEAT TRANSFER
CLTP J 3 () ()

-"r*l?::i:J 8:XX'::l,liit**tr"::lliioln,id,a., or.,"eni,,de anarysis. Reynords
epproximarions ; ;;;ir;-;T":e.heat lransfer in extemal flows: B'oundary tayer
Momentum and energy ;;;;;i;",il"c"::tt9l .equarions' similaritv soltrrion rechniques.
and frigh Prandtt ,r;t;;;;";;h;,j:: and their applicarions in flow over flar plates wirh tow

g,ml *:*#xh,#r ;,n 
j:il"* :r=Xr:[mf{'*T[:;ff* 

i ii*
conveciion in the themr;i;;ilr": I;f: Yth 9iffe1elt wall boundarl conditions. Forced
in r rre com urnea' eni#ie ffi ;: i;i il,$,:i}."il#i":: T[;ffifi: f if :,H.:,ffifiDoundaD condilions. Elements ofturLulenl heat transfbr.

.. Naruralconvection:lntroductiot

t"# ;i,"#i*;i;i:Hri#IrJ:+r{",}ifi }:,:::^;ftffii..il.",,,"TJ,ifi ,,il:i,l
ao__.onrin*,,, *ui i .ijil ;:il;i.J#"#.,1ffi ::Hl'[-"ill:ff j:ffi,:Jtri;xi:l;
mrcro-scales: Conjugate heal transfer probEms. .

r extbook and Reference\:
L Convective Hearand Mass Transler h
Mccraw Hilt,4rh Edition.20t2 'yw M Kays' E M Crawford, and B. weigand, Tata

2. Convecrive Heal Transfer b\ Louis C-Burmeisrer. John Wiley and Sons. 2nd Edrtion, lq9l.r. L onvecrive Heat Transfer b) Adrian Bejan. J"r,n wir"y ,iit.niliii"iiiiillrr,,

if.'r',lf or#*-hr\.fr"r-"#irtfJiffif rIoNAl.orNsrRUMENrArIoN

. CLTP 3 3 0 0Inrroduction: Need of materials
Mrcroscopy: oplical microscoDe - o,.," 

ti-T:::l''"'o,n and available lechniques oprical
..0* rsiigrrt ri.io tirr;j;;#. odfi: 

prrncrples and componenls Differenr e\aminarion
po,arised,i'ghr ri;,;;;;;:"d##::i#il,l!ii,,,#:'[ll,ll*:;fT*,,;T,:f1"ffi.
Lotour metallography, Specimen prepararion. Applicalions.
. trectron Microscopy: Interaction of erectrons ,,ith sorids. Scanning erectronmrcroscop). Transmission erecron microscopy _a. .p."_"i" ffi"r".,io,i,,,,"..r,nrqr.r,

;:ffiIt",j#:il:::I"Si#;1,il"fi::,Tf ene'gv aispe.sive spJcni*,."py. ilu".r."e,r,
detecrion oix-rays. d#m"crr;;;;"rl ;;:"Tt::lldamental 

crys.,llosraphv' ceneration Jnd
s*r"* ,{r"ryii',-ai";i" i;;"i:1-" o"'*ction.techniques' Electron diffraction

pioroerecrron :e."i;;;e; 
"il#;::.#:'X':,:jr; 

:'#J#,r.l[::i:.ffI,"1V;I;illspectroscopy. Fourier rransform infran
e*r1,i,, ii,.^o-g.uur;;iil;;r;:;::';ir.ffiiffi 

",X"#t,.:B:[:.,fifl I Jlifil,jcalorimelry. Thermo mechanical an;llsis and dilatometr).
I extbook and Referencesi
I. Materials chamclerizalion Technio,,e. by u,*Lin. Ashok Kumar. cRC press. (2008).

i ::'ff:::"i:;ffil,?'ITiJiontv brrtirv. a D . ana s,*r. n.i.'p*,,r".*iiirllli,o, ,.
x"r.r,".r',r'". (.ii] 

""i ;u[j;'."1 I::,'t 
t-""erizarion bv rvasi A K . Rov Mainak.

vorumes 49 51, 2009. 'laterials science Foundations (monograph series).
4. ThermalAnalysis by wendlandt, W.W. John Wiley & Sons. 1986.
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5. Characterization of Materials bv Wa,lgg3. , chtman, J.B., Kalman,.Z.H., Bufterworth Heinemann.

MTE II7 MICROSCALE AND NANOSCALE HEAT TRANSFER
. CLTP J3OO

r,"0"#',i['jlfil.,*"ffXX l:Jl':"si" ir"T, Sciences. rhe Len$h scares.

tilff nJlil#ilHilTtflr'ffi ],[fui[,]a;,:l." iff :xil i:xi:*;Hi.#
ana rtux. r-tre frein-aii;;;: ffi:T;; 

Krnetic Descriprion or Dilure cases. I o.al Averase
Force and viscosiry. H*i ol#r.i-.'ilr'-tl"ltquations 

and Propenies of ldeal cases. Shear
Transporr Equarion. Mi"r"nriil";""ri":t 

urltirsion' lntermolecular Forces. [he Boltzman
Recimes.rr'erocity srip ;;; i;;;#; ,XffJ 

rransrer' rhe Knudsen Number and FIo\a

q;',,T"r",#ln!|,':Xil"fl:ir:'tJ:::lin-sorids' rhe.Debve specinc HeaI Moder.

l,':xi;nxU [#lH[[: :Jj...:,i$'"]":-H:'#:i ffi ffi ,:i":'1",iiffr:

n"r,"ri;m:lt*.*tEffi '""Jtrr"{ld$:i:ir!ttT'tr;.:T:1,6;:n::;li
scattering. Etecrron E;it.];;;+;;'"" Dispersion Relation for Real Crvsral<. Phonon

s"-.oriu.ro, o.ui.lr: 6ilffi;ilH,ff;r?horoelecrric effecl Electricai Transpon in
r\onequrrrbrum energy trarsfer in Nanostructures, Thermal Radiation Fundamentars, The

]ifi,i1f;,iX,']Iilllr,i]Tf,?lfffli.ffll]*es. Brack boay naJiarion-. nui'i#u"'e,op".ti",
scanering. Radktive-pioild ;i',:r;fi "lI'-iJ:i,TI'-:ff [rJ:"ll;llffiffirr:,Hl.;a lhtck subslrale. photonic cftstals. periodrc G-mlings. Bidireclional Refleclance Dislribution
fl1-.j31. 

wareeuia.s and Opricat Fibers. Surface plasmon and phonon polarilons, Radiarion

i:ll;[;;.ii:J,+"Jfl,J,;,"i::H:i:,r#ffi:i", br"",l""ti cl,.ii,"iiil#ii.il"a,",,"".
lextbook and References:
I..Nano/ Microscale Heal Transfer by Z.M.Zhang. Mccra* Hill. 20202.N.,,icroscate Hear rran.r., uy rul.ui, vu.iii",-uii i";''Ji iriii#.ti^ro science. 2004.

A<
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MTE I 18 TURBULENT FLOWS
CLTP 3 3 0 0

The nature of turbulence. Lenslh .cales in turlulent flows. Reynolds decomposition,Re)nolds skess. Turbulent tmnspo-rt of heaL Elements 
"f 

*,. li,.;i ,i"^^, ^.",imixine-rensrh moaer. r,.uur.niT."ai,.",.i"i niriii]ii#rl'ir:ffifi,'ff,"3"] fi:f ;Jl;rigid wall, Pure shear flow. Kinetic enerqy of tfr.'t"rUrf"r*, 31"r. ,"'i"i,"rr]Iol"o, **otransfer, wind-tunnel turbulence. Vo-nicity ayr".i".,-t-*"_ii."rrl"""i"il" n"*,
flX,,,Ti[T. 

vonicio budser. v,rripre rengrri ";[;: ir,J;;;#:,,"Jr'1i.,r",.,u,.
Pamllel two dimensional flows. The cross_strean momentum equation, I urbulenlwakes. Axisymmetric \aal,es. Turhulenr iers and mixing tay..r. fr.Uut.nr }loii in pip., urachannels. Logarirhmic fiiction taw- The v'iscous .rt_uy!r, i-p,j,.f."r"iir"""liil f"* 

"rrf,"wall. Experimenrat data on the verocitv-1q1set l6\ry, Fi";;;;;;;;;:;;;i, iii" por"ntiurflow, rhe pressure inside the boundarJ rayo, me iu* or*uii, ii""'i"g"rjiiiii"'rrr".,o, r"*,The pressure-gradient parameter
The probabirity density, Fourier transformsand characteristics functions, correration functionsand spectra. Erogodiciry, TransDon in stationary_tromogeneou. ..1-r'rJ,ri", 

'iiiiiJi".nr, 
,r,"probabilitv.densirv of the Lagrangian *ro"itv,'rr,. ai6r"ionlq*rr.r, u"irffi"iii"", n.*,Joint stalistics. Longirudinal disoersion ;, ctrarnet no*. Srik uii""li, ,#r..r'lril L plr*,Iranspo( ar Iarge scates, Turbutenr rranspor in evolvin! n"*.1 iir.#r]"*"[." I" g,laturbulence, selfprcsenation, one_and three_ dirn"n.iorur .li-"tru, Aii".irgi, 

""" 
iii*.i"""rspritra. The rhree-dimensionat specrrum. sp..r* or i.orro'pi. 

"rilpi. 
*"i".."di'.llir **gy

Textbook and References:
L A Fi6t Course in Turbulence by Tennekes and Lirnley, MIT pressL turbulenr Flows b) Srephen B. pope. Cambriage Universiry pieii
3. Turbulence by J.O.Hinze, McCraw Hill
4. Turbulent flows by Biswas and Eswaran, Narosa publishers

jv
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MTE 119 EI\IERGY MAIIAGEMENT AND AUDITING
^ CLTP 3300
Ceneral philosophv and need of Ene.gl erdit and lvlanagemenl Dellnilion andobjective of Energy Manasemenr. ceneral iiinciples 

"r rr.rd'N.,i";.e#;l t*rgyManagement Skills. Lnergv lianaeemenr Srraregy. Energl euait. N?.a, iyp"l.fU.tf,oaofog

;lXliT:.T.h:111#,fl1i:T:l*,j.: ::1,*;ffi ;;-il;"i#l'i;';l'h,,u,king,
opii,ili"e;. ;il.,*s;[il:|".H"J,::?.,:ifi:[".##:.;#.1iJii;:,g s1're. efncienci.

uara galhering. Level ofresDonsibilitier. 
"naag1 

alaura.a. .onJol ofenergy and uses ofenerg) get Facrs. figures and imoression 
"u*, *.,gy lrr.i"ra.y.i". 

"p'Jli"i"l ,rr, "raPresenl operating dara. Special tesrs. Ouesrionnaire for dara garhering. Arriyi."ii..t riqr.r.lncremental cost concepl mass and enersy_bafunaing t"af,niqr"r. ln"*'r'a";[r.; ,rr*and rejecrions. Heal rransfer catcutarionsl f vatuarion'of EteJr;;l;;;;#.;;r;il:. p."...and energy system simutarion. f varuarinn 
"r,""irg "pp*r"i,to a#*.,i.Ji]1,.***,*,

Iltiiilffl*r, 
.r'0, report- Importance, cont"ntr,-"n""ti," o.g-iiiii"il*o"i *)i m, 

""a
Fnergy policy plannine and Imntemenralion._Force Field Analysis. Energy policy-Purpose. perspective, Conrenis and F'nrmulation. rormat anJ n"iii*ii"r..6;"rirl"g.Localion.of.Energy Manager. Top Managemenl Support. Managerial functions, iiole andresponsibitiries of Enerpv Manaeer. Accou;rabif iry. vl ir"ion of""rpf o^r."nioJir"r*ofor Energy Action PlanninB. lnfo-rmarion Syslems:'Designing. er*i"*l S,lru,.gi.r.\"rt",ingand Communicaring lraininp and eturnirg. en..;y-;u;r"." n"i"]#"ji".i:"1*, _oSecond law o[elliciency. Facilit! as an F]

Mareriars and i;;;''ilil.'itr',#,"::1v-.:)":l:.T' M'lh9ds ror preparing process flow.

sarance sr,ler ;;i'r;il;#"i;il;:ri":ilH"1 Ji"T' J[r#.il:['i 
":""jfloplimization. Energy Audir Insrrumenls for Auai, -j v"ri,".irfi".,gy iro ,i."r[,'ru"rr,.TX,es and Accumcy

Textbook and Refermces:
L Energ) Management by W.R.Murphy. C.lMcka). Buneruonhs.
j. llji9r Yy"ee^ie,r 

principres by c.B.smirh. persamon press.
r. Llltcrent Use ot Fnergy by LC.C.Dryden. Bunerwonh Scientilic.
a. Lner$ Lconomics by A.V.Desai, Wile] Easrcm.
6. CRC Handbook ofEnergy Efficiency, bRC press.

)Y
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CLTP 3 3 0 0

**,"lliiiil'l'ili;ff;x;:i.'151.*"*'oprc ho* the sorurion of nonsreadv flow
bornaary conorrion. o; ;; Ju;;;::;l 

g'"phical solution ofnon sread) flow problems with

;d,il ;il;il;iii iTii f; i.,Jiil ;,,i1:iffi.,ii::ilIili:5fl1,.ft l"l;.'.l:d
Non-homenropic flow. numerical solulion.of non steady flow problems wirh simpleboundary condirions. boundan condirions \rirh in pipe..yr,J... ,riii""..,,li .."nlrrg"r

;?ill'J::T:litill;"",HlilT;';;:Illl".,:"""i "ur",ruri* oiio-n-,i".i, ri"*.,,i,e
;;F";i; ;: i,i ilil;';ffi ;1"",::;;;.j:i,,;i lix.T.Tli;.lil#!l;::.,,u*:ffi ,[:{

Unstead) reactinR flows: numerical solution ofnon steady flows with variable specitic

ffi fiflff Xil':"i ;"#:in'#:;ffi iTPlg::' 
una p"""" J*'r'u,,g.'."riiill"c'"-pr.*.

empryins merhods. wa* ..r,", s,,i.i"ii'i|j|;liffiIJJilH:::rs wirh nrins and

I extbook:
LThermod)namics and Cas Dynamics of Intem^al Comtuslion Engines Vol_t & by R.Benson Horlock and Winenelrbone. Clarendon press- lggfl

MTE I2O

MSD 102

ENCINE MODELING AND SIMULATION

FINITE ELEMENT METHOD
CLTP 3 3 0 0

Physical problems and finire eleq€nt.melhodfFEl\4). simulalions and \ isualizations inFElvl. lnresral formutarions for numeric,t sotu,i"rr. v"t"ii"nuir.ri# lii"_iliil. ,*n"0,collocation. calerkin.s method. teasr souares.method, a"."ri."iii""i, er"rriii,or u"ur.,
lI::::ffi lil*.,,,.,:i] n#,j::;;i"l" ai",*.io,ur ro*uLiio;,'iil;;i;;; .ru"..,
p.rn.iir..a",ui,Ji."*iffi;:ffifi"...Tijfi:'iXi?;,illl,rrliiiliil,i:ru;lru"jl;;

slrain marrices and etemenr marrices in.tocat _o ei;u;i-i.Ji";il"il"i #rr.., unabeams, Rate ofcon vergence and hish-or.ler onedime-nsional elements, Use ofcommercial codetbr specific probtems on beams aid rruss€s. FEM r", rrrr... l"r. ,ra"r"ii"" lril"", 0"."e.g., a bicycle, FEM for 2_D solids. construction of shape fun"rion" i*l-o j"i'*t,, ,roi,matrix and element matrices for 2_D elements, fir""."J"rgri. 
"i"."riuia"li,l'r.J ftrn"rionconstruction, Gauss integration, Linear ou

Quadraric and cubic rri-nr,". .,;:l:l:t:'1:lements.and 
coordinate mapping '

Ii::droi,y,rp" "i.i,;;ffi :;lii#1,,ii,f.,[i i'"tlrfl :l'Jff ?:1ill.?fl:,,ffi f Hil:runcrons and element marrices for DIarFs and stretts. eteirentsln tocai,,'a j"iii'li*oirn.
systems for plates and shells, some specifir
code.rEN4 ror l-D^soriar. ,.rr,irg una ,or,.i?i;;[oJ#,:l:"'"" "etts 

using a commerciar

r exl tsooks and Relerencesi
I. Applied Fjnite Flemenr Anal)sis b) Segerlind L.J. John Wiley pubtishers. 1970.

i"I:l;?i*, 
Methods in Finiti er.m.nt"anarysr, uy s;,h;,'i:.;";ilil:ilr., p..n,i""

)\F
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-_ CLTP 3300
Block diagram algebm of mechanical, electrical and electromechanical systems, theirstate space represenlatjon and relation bet

z_translbrm. lhe inverse z_tmnsform_ 
ween stale variable & other syslem represenrations.

State space equalions and their solution..l\4ethods ofcomputing stale lransition matrix.Eigen values of system mauix. Svster
ptacemenr design, n stability conlrollability & observability. Pole

Multivariable system. Sysrem resD(

ffi :tiffi T*:k*#Hr ir1 iJ :h,jil!'i::j 
ji,{iil; lJffi }Il:iil'rfi

Iext Book and 
-Referen"-*...p*- {N !^ercrses on Mechanical system design for control.

I. Feedback control ofDynamic systems h
I99 t. _ , y Cranklin, G.F., powell, J.D., Addison Westey,

2. Modem control systems by Dorf, R,C., Bishop, R.H.,pearson education. l99g

MSD 205 ADVANCED CONTROL SYSTEM

MTMEl5 {)VANCED I{UMER]CAL METHODS

l"#Jjx;:',ot' 
Numerical Analvsis bv s.c. scarboroush, oxford and rBH pubtishins

_ CLTP 3300
Interpolation: The dillerence oDer*i,r.,.q*ri,i,.*ui..r';;;.';;;;:[I"ji[,lflrr;Hil:."X*:1i.,1fli"tr;l:':I|r:,,X,"::

lormula. lnterpolation with uneoual
Lagrange's inr,erpolation fo*ulu. s;lir.llE1als 

J'Jetuo-n's di!ided difference formula.
r",i,,hl si",ri"J,l'e;.,.i:,.'ff;:#ffi ?#::,."T;c#,','ul:*,'a 

u,a ruck*ard inrerporarion

G*rhi.^""t'"u' 
solution of Algebraic and rranscendental Equations: Itemtive method,

Method. Regula-Fast method. Balzano.s process of bisection of intervals, Newton_RaphsonMethod and irs geometrical sisnificance. solution of Linear Systems: N{atrix lnversion

['*r"i;ffJi:*'#]'ation' 
cau-ss - Jordan verrroo. voairicati# oi,r* c",.'.lrr,,t",r,"a ,"

Numerical Differentiation and Infegration: Numerical Integration, Geneml euadratureFormula, Simpson's one-third and rhree-ei-ght rrr*, w"aai"rj.i"", ii".jr:.'lllil,rY"*^",
Numerical Solution of Ordinarv and panial. Differential Equations: picard,s method.Numericat soturion of ordinary diiferenriat equutionr. tuyto,s ."ri-"JJ rl,i"a','iij[ri ,.,n"a,Runse-Kuna Merhod. solurion of paraholic. 

"rripti*l'"ij lyf.i"i,"l"n-,Ii. oi,o**r,equations.
Textbook and References:
I. Introductory methods in NumericalAna
2. Numericar Merhods for scienrific 

"r, 
fI1'o, 

ss sastry. , 
.Prent 

ice HaU ofrndia.
wrley Easlem Ltd. :nglneers by M K Jain' S R lyengar and R.K Jain.
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PSPHY EL 01 R.ENEWABLE SOURCES OF ENERGY
CLTP 3 3 0 0

Relevance ofrenewable enersl in.onsia",arions.cL",e;;;;;:#il:[11;,.T.i,-jf::":r"",?,:;l:::iT:l.::lj:"ffi*
and sun-eanh angles. FIat plate colledor

rygrmanc^e,r Fpi. o,.'"ii'r..| r;:::*ffilT:. ;r;ff:fl,"T#:ffi::Hl[:etttctency lactor, Solar thermal aDolicari
dvers. soiar stitrs. t;;;;;;1i;. i:l#::'""t 

]ike solar cooker and solar water healers solar
eners) srorase. active ana pu.rir. r,"u,irj1?Tili:1";:.0 

t-''t reiiigeration c1cle. thermal

"r'91,r.:H[.1T" T1,i.:',:J'..:::fi]':.tillr: |^|:tovortaic 
con!ersion. opticar propenies

coefficient and band gap. *;;;;;;l;; ;"''"onductors 
interrelationshiD bet.^een ;bs;rption

rul;l-":,,* :lk[i#ilX;,iJ**; ?i,A:'::,]:' fi :] xl*'Jf """J#iI i:,5
sorrd Irquid junction solar 

""1t.. 
J:Tlout"tiliton 

solar cells' e g Endem solar cells.
ptroroetectroctremicai s"r"..Jr. """' 'rature ot semiconductor' electrol)'le junction.

,,,,",,"i11X1"1,:L::'""J;[.:'r1,"',]:1"J'::''rvsis and photocahrvic process. phvsics or

l::,:r,td'c:l";i;;i;;-;,";H.;;;::l::XJfl 
"';;J#i:.*ff 

[;:ill"H"ffl ;LeIs. tnerg) Storage. Briefdiscussion ol
sare,1 aroien soffi ffi ,;i;:I,iili,'li Xl!T::I!tii9illf,:X;:!:!:?:l fjJffi :fi",I
ff t ,1i,Tj:,ilffi .YiLl,.#",.,31fl ::fl :?,1ffi T##:lly***iil'i5,11,".,.,
l. Renewable Fnergl by I\ridel and Weir. E& F N Spon lrd2. Renewable Energ) by Codfrey Boyle, O\ford

i,',:J:',:::ff il'l*:i'[:H:iJ,'T,.,,fi ,:l"Tlll;];,il,.y t"Bi *ill. i*l HiEl;_

ChMCI I ADVANCED TRANSPORT PHENOMENA

,^-,-^_':o:,1"1'u,.,r:,",., eq,*,onllrliuo;":l1",L,o distributions in 2D and 3D ror
ll$ifl,fll,T!B'# i3l;.yfff,::ff_9"runc., r.ron-Lorre.mii-dy.,",,fr?.p".*,,.

fUrj[;**,ffi i 
jLi?ittits::,fl fl ::'[I:#",]:Jffi rTr.'rJ*fr

systems. '/slems' Macroscopic balances lor multi- component

Text books and References:

lollH:3lTf.n*"'-a bv Bird R.8., stewart w.E. and Light Foot E.N., wiley rntemationar

3;lTil,1iffi,Iffiiilliand. 
unit operarions bv christie J. ceankoporis, prentic€ Hau (rndia)

3. Transport Phenornina by William J. Thomson, pearson Education, Asia, 2001.
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ChME25 FUNDAMENTALS OF FUEL CELL TECHNOLOGY
- CLTP 3300
Overview offuels cells: Low anrj higt temperatuie fuel celis: Fuelcell thermodynamics- heat, work potentiats, prediction ofreverJibr. 

"orrug", 
frrJ ;"x 

""fi;i*"yirirli iil, "*,t",kinetics - elecrrode kinerics. overvolraoe TaGl.equa'tion. 
"f,".g. 

i.r".i.1..*ir"ii 
"^",,."g.currents, elecro-caral\ ses - desisn. ,"rirotlon tir.ti".. pr"i;;ii;;;;*';;;j';."rr". 

_flo$ field. transport in electrode ind elect elyg: Fuel cell characlerizarion: - in-situ and ex-siruciaraclerization. techniqres. i-V cune. frequency response analyses; Fuel cell moieting and

il"i'l'r"l'ii,fllliil;;"1?,ffj;:,."1:*X'*' sorution and ie6-'"a"r'' ir'"i"i'''?"r pr-,,
cells. _ . isues, cost expectation and life cycle analysis oiflrel
Textbook and References:
I. Fuel Cells- From Fundamenlals lo Annlications.by Supramaniam Srinivasan. Sprintser.

i#",,iffiliJ;l"'*tars 
bv Rvan o'riavre. S,k-il"" i;;. w;r;;;i"L"'lll'r"#'a. 0,r..

3. Handbook of Fuel Cells: Fundamentale."rai*,, ir,i",t;:t;##'ffi,[f;,1;:U:1,:f:.#!l;:,fiit bv,'vo,r vierstich,

ChME25 EIIVIRONMENTAL ENGINEERING AND WASTE MANAGEMENT
- CLTP 33OOEcolo$/ and Environment. Sources of. ui., *ut". and solid wastes. Air pollution:Micrometeorology and disDersion of nolluranls i" *"ii""..rr i"i. 

"f frirr-o oi,pollution conlrol rechnologies: centrifugal 
"oll."too. 

.t.ci.osrrj. o"ni,r.'.rlill n,,., *awet scrubbers. Design and efficienciesl c.,-i,*i"l """".L"j"1^ii.'..',1*i:.'lscontror. case srudi;;: u;;;,;;il",'il"*:ifiHif]:,::[',flffl":'il,l:},:H:[ilIj::ff
ofeffluenli eflluenr stardards. frearmeal mgths6s. eri.".y i.,.if,"Js: ,.nfir*.'ri, 

"on*of,chemical treatment. Secondar) method: Biological treatmenL Teniary tiatrnents like

ffifl1t'on. 
al.,nt".,;on erc. solid wastes cor*r""r- i""*""i-a ai.#rir, iilli ,**.o

Textbook and References:
I. Air Pollurion by Srem A. C.: Vol. I. II. & lll. Academic press, 

I s6g.2. Handbook of Air po ution prevention and CorJ"f 
- 
ly 

"'C'f,."rni.inoff, 
Nicholas p,,Buft erworth- Heinemann, 2002.

J. Wasle Water Engineering Treatmenr andleuse- b)- Melcalfand Eddy Inc.l Revised by C.I chobanoglous. F. L. Burlon. H.D, Stensel. Tata Mc braw_Hill. 20oI - -^ . ". ',.

)Y
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EEM I29 HYBRID ELf, CTRIC Vf, HICLES
- CLTP 3 3 O ()

.""""r1:1""i1"Jfi ;i"liHl.iliiJiii:gla i"'o'ion""s' p'pursion road, drive cvcres,

una puLrr.l ugvr, 
"o.-'" 

* Jurruelect c vehicles ( Hfvs)' archileclurcs o[ H EVs. series

HEVS Drive-train: Basic concept of hybrid. traction. inrroducrion ro various hybrid
ilil!;';'" 

t"0","*,".. power flow contror in ilbrid a;;"-i.r" liiii"ri; i,il, .m","n",
Plug-in Hybrid Ele(ric Vehiclepue v., r,i,i """|rrv;ilfiir:T:fl- llEvs Architectures, equivalent electric ranse of

end-or-rire baneD i"l!."'.r"'p",illJ;lfil||t'ffii:,:ljli;;PtrE!s banev chariine.
power Electronics in FiEVs: ier

non-isolared ular,."ii.""i ticlbi";"',::Ii"lt-'*d in HEVs' Buck conve-ner used in HEVS.
culTent /ener. regenemlive braking. voltage source invefler.
source inverter, isolated bidirectional DC_DC converter, pWM rectifier in HEVS, EV and
battery chargers.
Text Book and References:

,t,i*'li 
titrJfiX*l:[#il:i:it'li"l'prications 

with Practicar perspecrives bv chris

;rTr".lHIHxjill)i;1l?:::'Ufi,::":*rrvehicres: Fundamenrars. rheor) and Desisn
:. er."r,i" -a 14 ri;j v;;;ru dl[',i'il,l;#J;,1,1 If,l*,:[:"',f .;_. 

r*..4. Etecrric and H)brid_etectric Vehiclis by Ro*ra r. .rrig.ir. soiiri"."ii"#i"..
EEM IO8 SOFI COMPUTING

, CLTP 3300
Introduction to Soft Comoutinq: Concept'oi compuring systems. soft vs. hardcompuling. various types ofsoft comnr,tii

cen;ic irsori,;;; i;;;i,;'*'##::'+i#"l,fi ;*f":[Tr.ll# "}ii:l,|il:l ::';compufing techniques.
Evolutionary Algorithm: Fundamentals of Gen€tic Algorithms, basic concepts of"Cenetics,' and .,Evolurion,,. 

workinp nrinciple...en_airg. nfi".. 
.ir".,i"rl.r,.iJoor"tlon,

genetic modeting. Basic Ca fmmeinrk *a aiff*ni 3a 
"r.ii,""*..i''b,irop.",oo,Crossover, Seleclion. Mutarion. Solvine single_"q."ir. op,irir",i", p.tiin.J,l,,i, uo..Fuzzy sel Theorv & Fuzzv Svsrims: Fuzzy set,frdy. fr-y ,.i r."rr..A,, *q a,oorelation & fuzzy relalions. intr;dudion &.features of membership functions,'txtensionPrincipte. fuz2) It-Then Rutes. Fuzzy tnference syr.r.. "sJg#..i"Jiir, 

,o0.,.,tuzzrtrcalion. Defuzzifi cation, ApDlicalions.
Fundarnenrals of Arrificiii NeuralNerurork (ANN): Inrroducrion. model of artilicialneuron. Architecrures. Leamine metho.ts Deep leaming. Taxonor, 

"ioi,i.ii"rr,"",i,r. r,rrr"layer ANN system. Superviied leaming,neural nerworks. perceplron. ,,ideline, aackpropagalion. lvlultiiayer perceptron. Applications of ANN in r.seur"h.-. 
- "'-'",,

lext Book and Reference<.
I FuzT).Logic wilh Engineering Appricarions by rimolhy J.Ross. I\4ccraw-Hir, r997.2. Ceneric Algorirhms: Search. Optimtzar
aaai-n w.,rit..l.V- l*-'! 

vPr"'xzaron and Machine Lea'ning by Davis E.Goldberg.

3. lntroduclion to Al and Expen Sysrem by Dan W. patterson. pHI,2009.
4. Neuro-Fuzzy and soft Computing by J.S.R.r"rg, cis'r"'iJi,l,riXoni,prt,zooo.

-\\, r
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