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SYLLABUS

THERMAL ENGINEERING
RATIOANLE

A diploma holder in this course is supposed (0 maintain steam generators, (urbines
compressors and other power plant equipment. Therefore, il is essential (o impart him bus{c'
concepts of thermodynamics, steam generators, steam turbines, compressors and about [C
engines.

DETAILED CONTENTS

1. Fundamental Concepts (06 Periods)

Thermodynamic state and system, boundary. surrounding, universe, thermodynamic systems
—closed. open. isolated, adiabatic, homogeneous and heterogeneous, macroscopic and
microscopic. properties of system — intensive and extensive, thermodynamic equilibrium,
quasi — static process, reversible and imeversible processes. Zeroth law of thermodynamics,
definition of properties like pressure, volume, temperarure, enthalpy. internal energy.

2. Laws of Perfect Gases (03 Periods)

Definition of gases, explanation of pertect gas laws — Boyle's law, Charle’s law, Avagadro’s
law, Regnault’s law, Universal gas constant, Characteristic gas constants, derivation Specific
heat at constant pressure, specific heat at constant volume of gas, simple problems on gas
equation.

3. Thermodynamic Processes on Gases (05 Periods)

Types of thermodynamic processes — isochoric, isobaric, isothermal, hyperbolic, isentropic,
polytropic and throttling processes, equations representing the processes. Derivation of work
done, change in internal energy, rate of heat transfer for the above processes.

4. Laws of Thermodynamics (06 Periods)

Laws of conservation of energy, first law of thermodynamics (Joule's experiment),
Application of first law of thermodynamics to non-flow systems — Constant volume, constant
pressure. Adiabatic and polytropic processes.

Steady flow energy equation, Application of steady flow energy to equation, turbines, pump,
boilers. nozzles,

Heat source and heat sinks, statement of second laws of thermodynamics : Kelvin Planck’s
statement, Clasius statement, Perpetual motion Machine of first kind, second kind, Carnot

engine. Introduction of third law of thermodynamics, concept of irreversibility, entropy, ideal
and real gases.

5. Properties of Steam (05 Periods)

Formation of steam and related terms, thermodynamics properties of steam, steam t_ablesz
miernal latent heat, internal energy of steam, Mollier diagram (H — S Chart), Expansion of

steam, Hyperbolic. reversible adiabatic and throttling processes.
Quality of steam (dryness fraction).
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6. Steam Generators ' (04 Periods)

Uses of steam, classification of boilers, comparison of fire tube and water tube boilers.
Construction features of Lancashire boiler, Nestler boiler, Babcock & Wilcox Boiler.
Introduction to modern boilers.

7. Air Standard Cycles (04 Periods)

Meaning of air standard cycle — its use, condition of reversibility of a cycle. Description of
Carnot cycle, Otto cycle, Diesel cycle, simple problems on efficiency, calculation for different
cycles. Reasons for highest efficiency of Carnol cycle over all other cycles working between
same temperature limits.

8. Air Compressors (05 Periods)

Functions of air compressor — uses of compressed air, type of air compressors. Single stage
reciprocating air compressor, its construction and working, representation of processes
involved on P — V diagram, calculztion of work done.

Rotary compressors — types, descriptive treatment of centrifugal compressor, axial flow
COMPpressor, vane type cCoOmpressor.

9. Introduction to Heat Transfer (04 Periods)

Modes of heat transfer, Fourier’s law, steady state conduction, composite structures, Natural
and forced convection, thermal radiation.

10. IC Engines (12 Periods)
Introduction, Working principle of two stroke and four stroke cycle, SI engines and CI
engines, Otto cycle, diesel cycle and dual cycle, Location and functions of various parts of IC
engines and matenals used for them. Engines : Engine power - indicated and brake power,
Efficiency - mechanical, thermal, relative and volumetric, Methods of finding indicated and
brake power, Morse test for petrol engine, Heat balance sheet, simple numerical problems,

Concept of pollutants in ST and CI engines, pollution control, norms for two or four wheelers -
EURO- 1, EURO - 2.

11. Steam Turbines and Steam Condensers (08 Periods)

Function and use of steam turbine, Steam nozzles - types and applications. Steam turbines -
impulse, reaction, construction and working principle. Governing of steam turbines, Function

of a steam condenser, elements of condensing plant, Classification - jet condenser, surface
condenser, Cooling pond and cooling towers.

12. Gas Turbines and Jet Propulsion (08 Periods)

Classification, open cycle gas turbine and closed cycle gas turbine, comparison of gas turbines
with reciprocating IC engines. applications and limitations of gas turbine. Open cycle constant
pressure gas turbines - general layout, PV and TS diagram and working of gas turbine.
Closed cycle gas turbines, PV and TS diagram and working.

Principle of operation of ram-jet engine and turbo jet engine - application of jet engines.
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(vi)

LIST OF PRACTICALS

Demonstration of mountings and accessories on a boiler.
Demonstrate the working of air compressor.
Demonstration of heat transfer through conduction, convection and Radiation.

Study of working of high-pressure boiler.
Study the working of Lancashire boiler and Nestler boiler.
Determination of BHP by dynamometer.

Morse test on multi-cylinder petrol engine.
Study and Sketch of cut section of 2-stroke and 4-stroke engines.

To determine dry fraction of steam by throttling and separating calorimeter.

1.
2.
3.
4.
5.
6.
Lo
8.
9.
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(Introduction)

T faar

(Fundamental Concepts)

e e % fram
(Laws of Perfect Gases)

6 W SHEMaHT TFH

(Thermodynamic Process on Gases)

FWMfdent o a9

(Rules of Thermodynamics)

99 & T
(Properties of Steam)

qY S T AR
(Steam Generator)

I TAE 95
(Air Standard Cycle)

Y qHisS
(Air Compressor)
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1-4

5-19

20-41

42-62

63-99

100-118

119-158

159-173

174-199
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11.

12.

13.

(viii)

a7 faCOT-9R=d

(lnlroduction to Heat Transfer)

3aged T

(Internal Combustion Engine)

7 TTETEA T WY HEA
(Steam Turbine and Steam Condenser)

g ZXars @ W JIewH
(Gas Turbine and Jet Propulsion)

yATHS F
(Experimental Works)

19 IRl
(Steam Table)

e qYH-9A
(Examination Paper)

200-208

209-285

286-326

327-357

358-364

365-378
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fewa-aR=

(Introduction)

SR, ST g, Somfaes! I TEr & A9 9 9@ 9 Iq@ 9@, T, [,
T =1 T SATEYFe Tl § 1 S i ST o RO HEATTaeh! 1 A3 qHE W HigT @ e 2
4: Fo Wq@ faanig qo frefafas §—

1 o vd fomme

7% ) Frema o aAfagifaet Te 7 9 € o gra v fem o wifaes i i wefih ud e
7T U 2

AT (Units)—Ferei difass f% 3 0T 7ol <1 WE3iH H15ieh sheenal @ a1 fwdt siifass ofe =
qTa & fore fs@ 9 1 WEAm G €, 9 0E Hean

faamd (Dimensions)—fedt frwm F «ifqs =1 S e =1 oo @ €, fam weem 2

IS0 & Toru—frdl 18 % forg aroam fam € aen °C a1 K 391 °HiEeh ol ¢
@ TSR &1 SEehTaT

eI 1 Q1 9T § SFiieha fehal T §—

(i) | " (Fundamental unit)

(i) =9 HES 41 fgdrae Are (Derived or secondary unit)

(i) Y& T (Fundamental unit)—a% 95 1 fFE o1 ws W R 760 2@ €, 70 79
(Fundamental or basic unil) SEaM &1 T8 W& W JEUE H T T o ol

ISEI0T & feaq—mitex, fame, Fave anfe
9 WgE ifaes Tt Ud 306 T 0Ta (THo Mo Tegld § )

ho Ho Wiferen TIYT qTsTeh
RUEL fog o wdi= TR fag ar wedts
1 GL=IH [ T m
2 T m feretam kg
3 BEE 1 RS S
4 qTHH T Ffegm o feuit Afcgaw K, °C
5 foe@ wm I g A
6 Ffq s I, SHivEa cd
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2 SO SN
__-___‘-‘-___'———\-
7. gz = A ﬁm mole
8. T 01 o f,6.¢ fea rad
9. Els il =i o
____-____________-_

(i) meﬁ?ﬁwm (Derived or secondary uni)—38 AER S HlY w5y 4 T8

T2 frn T €, 31ft Y WA % el H ore U SN ©, S w1 (e

IETEA0T & fau—ex |, Wi/ dsvs ol
F0 IHE A o 41 fgdraes aee frefarad e —

WW%,

fifae TiYT (Physcial Quantity) TS (Unit) ra
TRT (Quantity) fog o1 wdlis = (Unit) g T v
(Symbol) (Symbol)
AT (Area) A e m>
3mgad (Volume) 1% il m3
fafere 3@ (Specific volume) v et fwm m? /kg
A T, faffie YR (Mass density p, W fem e’ kgr’m3
specific weight)
TE@ 97 (Linear velocity) v, c e/ THvS m/s
@™ & (Linear acceleration) a TR HFHIE m/s 2
IV &7 (Angular velocity) fega/asre rad/sec
FHIVIE @O (Angular acceleration) o feaa/dsvs? rad/sec
9, 9 (Force, weight) F, W A N
27, "fdaa (Pressure, stress) P :{??fﬂaz ql qrEhcd N/m? or Pa
wd, T Ted (Work, Energy, W.E H S A FGEA-HIXR J (N-m)
Enthalpy)
A (Power) P R (SJA/HHTS) W (J1s)
fafeme oM (Specific heat) c Jeu/fmm e Jkg K
Tfaent vamMal (Kinematic viscosity) il %—ﬁmﬂﬁa' N-s/m
Al (Viscosity) v e 2 /AFve m=/s
g (Frequency) f e Hz
v fAaais (Gas constant) R qw&m Ffcad JkgK |
FH] HETeishdl (Heat conductivity) K qre/HeX - <hicad W/mK =J/sm
AUTfgs 9 (Molecular mass) M= (ﬂ{] femm/ e kg/mole
n
smol, ¥97 (Torque, moment) T.M :'{?"?-"ﬂz'( N-m
WUl (Entropy) S EELSR JIK
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TI=Id: 1 AR TGl &1 seme @ S e—

(i) Hlo Sfle WHo THfA (C.G.S. System)

(i) THe Hlo THo THfA (F.P.S. System)

(ili) THo & THo T&fd (M.K.S. System)

(iv) THe 3MMEe 9&fd (S.I. System)

(i) Hto Sfto THo Wl (C.G.S. System)—3H T&fd 1 T0 A9 F=rdied A Tehve 71 39 e
ek J&fd 9 Fed o

Ty Teh
GEAMA Bl
oy SCTuEs
(ii) Tho Uo TUHo Tegld (F.P.S. System)—3H 9sfd 1 T A1 2 302 HHUE 7
e TR
T =
FELIE] L EVES
e S
(iii) THo & WHo UZfa (M.K.S. System)—39 TZfd 1 T A4 WX fHeimm wsfa 5
T e
[SE=I ey
A feretrams
g s

(iv) THo 3o Ul (S.1. System)—3% WS FI LA Tgid €1 98 Foqvi Fr&mve § o= 2
SHRT IR 1960 H e e am)

weft 1—fafe= |t & fag c,, ¢, y @91 R &1 A

T C, (kJ/kgK) C, (kJ/kgK) e Cp R (J/kgK)
C,
g 1.005 0.716 1.40 287.0
FTe BRATFES (CO,) 0.846 0.657 1.29 188.9
FHE HHAl ATFEE (CO) 1.047 0.749 1.40 298.0
BIFHEE 1.043 0.745 1.40 296.8
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T i
- T S

i~l sfrde (0,) 0.913 0.653 1.39 -
!;\, TSN (Hy) 14.257 10.133 1.40 41244
l | I (NH3) 2.177 1.692 1.29 4850
i : Ziferam (He) 5.234 3.153 1.66 2076.9,
| A (Ar) 0.523 0.314 .67 oS
T9F CHy 2.169 1.650 1.31 519.0
_—-_‘__—-‘-""""--
TNe—

- e i 3 fafire e for | (¢ ,) W AHE (14257 ki/keK) B € 9 o 4
| 1 GId & (0.523 kI/kgK) T 2
it - FESeE Y F fafire e e e W (C,) Fad AES (10.133 kI/keK) T E qen ayni
g 1 TIR F9 (0.314 k)/keK) BRI T
- S T ST O (y) Wl S (1.67) e €
- TS 9w T i (R) WA i (4124.4) T Q1 A STSSAISE (188.9) T w

9 T T
ot 2—fafir= Seten w1 fug e
_ Tasm ferg fregor
" @ =1 ge[ & FoN AQ=+i 2
| frema g fFeeiad e AQ =—ive
| frema g T T w5 Aw=+ive
e w & ™ s Aw = — ive
HalF Se °§ gia AU =+ive
AafF Fot . HH AU = —ive -

Qi




r

S N Study PowerPoin{

{‘ 1'4. - N '

it o FETHTT TATATTIOT &5 3TN -
(1) e Sl Fumfaal fFram (Open thermodynamic system)
(b) & st FEHR (Closed thermodynamic systemn)
(©) ferafira ST F61 (1solated thermodynamic system)
(i) TETd i T & MU W—
() qum FEmfan (Homogeneous thermodynamic system)
(b) feramim ol e (Hetetrogencous thermodynamic system)
(o) e ST TrehTel—a Semfie frama farmi e @ ufeim @ s aa 22 2
o A B 6, G ST P Feen
gﬁmﬁm (flow system) ¥t Emm?qﬁﬁqmmﬁmgj mm-{‘q g o oftdm

()

+ iy A AT IS TR ¢
Tt 3 FTT— I TS, AW @, qEe, an i, A §o, e e Sl
: it e frema 8?1 357 7
e |/l el el
o
ZEE TAeT =
Tl wae
-
St P —
zeqH e g s
gel STl g HiEH
fax 1.2
(b)ﬁmm—ﬁmmm'mﬁm@mmm
R 8 T, de S| e Seer €l
e zraﬁaimqfrém
| SEH] i e B RS ! b .

: oY
]

! 1]

I s 2, FH[g

: !

1

arad o7 (Q

T Fram
T THMAE FEd
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o g T = I T | m

frara—de Seme frem e fEm 5 afwm g g

Fratfire STt 3
W-n%ﬁﬁahwﬁmm,ﬁaﬁmmaﬁﬁmﬁm%u

FETEROT— v T |

(d)mmﬁﬁﬁm—ﬂmﬁﬁmmﬁwmmwﬁ@ﬁ%‘_
mﬁ,mmﬂﬁlﬁﬁmm%l 3

W%W—m@wmﬂﬁm,ﬁmﬁmmﬁm,wwmm

&7 fgyo], SEA T ¥R S AN
(e;mmﬁm—mmmwﬁmmwdwmm

mﬂ‘ﬂmﬁ,mmﬁﬁiﬁﬁfﬂqm%‘r
W%W—mwwﬁwmﬁm.m@ﬁﬂﬁﬂm,ﬁ@ﬁﬁ'aqu%rm,m@

I F1 fagor 3l

J1.5. Femiae! e & T[UT (Property of Thermodynamic System)
mmaﬁm%mm@mmwmmmﬁmammmwﬁ
1 0 Foodl &l
o Fm F TV T e A T e A wRafia G T
o FEM ¥ T TN <@, AITAM, A, T, A Fell, TARH, Toerd A
o Frarar ¥ Tursnt @ T FeT ST W ufte fe e §—
o fag Ter TurEH (Point function property)—feRelt fFama H HEMIGER! TshH & TAA 74 fFm
3 <afr g5 @ FrdET v WA % T4 W R 7 AT, e & 39 fag ™ R w6
fT8 W S 1 TR B AR €, forg Fer TUEd FEr €
& T I W Ge TOTEH (Path function property)—f&e fama # FETfae YT 3 SHH 4
Frara # SUfE 29 A SR Teid, WoRT % 9 W R o © e W e 9 S #
a £, 7 fF 5T % fEdl g W, 19 71 Ger Toed Feemd 8l
B U & SieoT
v &1 < e A fetsw feman T —
(1) ®|= e T‘T‘Elﬁ (Intensive property)
(i) TN GT9E O (Extensive property)
(o P o7 ol e 3 3 o] 2 2, fon T e 35 i 3 S
R & o R

LR

m L,
- agﬁm.ﬂﬂ“E"”q'&"‘g"i"fmﬁ%ﬁﬁ?ﬁm#m‘ﬁﬂmmmﬁs?ﬁ*fﬂﬂ
o, wE F e e <

= e % o o 1 et v A g
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IETEUT—AYHM, <€, T4 1 fafire gemm, amifies o 21 fafire g, fafre smaa, fafe
o 3|

(ii) WIS WTUer qurerd —=g frd frerm % 3 o T e ©, e o e T aeid  germm w
fl T &

ar

T i, St frem & gl wid & o T e F ven 39 91 yeE T W+ fau
firm-fir=1 B €, A Te T e B

Y o1 T F F F AR B9 S

ITEIOT—ATAA, Hll, TSI, IR 37

0 1.6. AR : FOMfD! & IEal FHom @ Rigrd

e Rl 91 sTaemell 3 e T ) <9 o
el 91 FhR Hi B 7, W frefered g —

AT "rEraT—fEE g i ardig 9 S e | a9 HEl S 59 (e % Tds 9
& 1 AYAE TOE g A e § S e T€ g ardg v ¥ 9o  afres aftadm @ win
yard el B 2

qitsres ArEaT—fdt frg 1 gt o= &1 T ¥ 94 g S 4 g & Il 9 %
= o |qrETeE ¥ 81 7 (g § F7E STEgfen a0 S A T @ 81 it |nar 9t 999 € e
% 3T 1 @ A 8 9 FFE g ufiEy & @9 FE e 7 2

TS ArmaT—Fal e =1 Tos arga o 99 S Son 99 (a6 & e FE
qEEte SfafEa 9 8 @

S aent ArEaar—Iadt fem S Swmiaesl 9 ¥ 99 Fe s 5" m a3
TS areE ¥ @

M STt S Irrar ey

70 M & agEr, ‘59 &K Q1 e R TR fem F oy i greEa ¥ & 9 9
399 | arig wwa § g’

o & gea & fon fa=d &F g A, B,C =1 od 7, 5 9iEw § f9afi| (Isolated) 211 TF1 €1

frama A, B T frerma € qen ¢ Sve e 71 w4 A e aar ¢ g 9 e ¥ e ¥ o © 9 S
3= frema @ fm= g &1 3R warfgd 81t @ a9 <) e ardig e o e 9 2

wmmmsamﬁmcﬁmn:@a‘;ﬁmgﬁmmﬁaﬂﬁﬁmmm
3R Waifed ol © 991 SR fe 9y g o e 9 8

F 36




P

10 byl T WW
wmﬁﬁmmwﬁwaﬁ%mwﬁﬁﬂmwm
mﬁﬁmqwﬁﬁmw%wmﬁﬁxm%n ?

Q 1.7. 3 (Work)
TEE———— L
g W=fxx (N-m)

it e 9 e, A & g SO ARG €, TG TR IR A F ) ey

yfiwif F@ 8—
“frr T TR ¥ weg fonelt T FARRe T (mﬁm@)ﬁﬁm%mm%

amamwmmwmwm@)mm%w
e

“Freht < g s F SR e g i Y o T A A P 6 oA R o 5 o
ot o % w9 & W fn 1 wh”

018 F3
= ¥ SR, I o P e 1 €, e e w0 s ww

St 3 ToTT T Y Y TG F) T GH 21 7T T A T B T FHH AAE S () 2
CEnikakcuicaue

w4
Y I Y
wsrﬁauli#ﬁam’i HHEAT Foit
f ! I
Reffert it e St idrts S

e a1 SR ST ) o S S Frera R e 3 S A € U
e o1 Feert &l

Tg qEaq: dF = A Tiha et —

o fofe® =1 (Potential Energy)

e Tfas =i (Kinetic Energy)

e 37Gf® 91 (Internal Energy)

Prarfirer St —Frr 7 feaf 3 R et ot ) gt it e €

feafoa st = mgh
foafas ==t = wh

Oqh = N-m
m= &g 1 TomE
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g = YU =
h= e ad ¥ fm i S
W = & &1 91
Tt Sei—fwa g S 98 Sl o 39 R qaen 9 nfaum d@en 4 @ o9, vfas w9
Feeldl ¢l

KE = -I—mC?'
2

m = e/ 1 g=mmH
C = e 1 am
TS = N-m
3TaRen Setl— T i Ifae TTaT Ud ST &t Tfd & weraey e ¥ fafga e =1
Tl o1 Fed el
%Eﬁ ‘U g Frefid s €1 e e w1 o1 2 21 9% erged B €, a1 38 fads wegw fean o
ol 2l
3rafter ot o REdA 39 a0 B gftads | 9T 3 21 o1afs e ¥ ufada e e
T T R s e —

dU =mC,dT

dU = 3Tafte o o gfigdd

m:ﬁm%aiazmﬁ

C, = faftre Fon feR e

dT = A9 o ftedq
HEHTUT SA—a8 Soit ol (g &1 IiEimel & FTR-9R 51 9dt €, THa01 S e 2|
STIEUT—F, il fae@ SHonl 3|

]_1 9. TﬂgFFI T AFATGRAT HehH (Quasi-static Process)

3H WA &1 Wfdacd w0 R e S g6l €1 39 WA F SR At e SEmive) fem 9
T 81 Tl & aen &9 9Rad ) U 2 fewn faie o 2 @ e S g mityss svaen ¥ g S
|

ZTET0T & fqu— 1
o o e T TR I
@ Td &I Sgfalt Y9RUl ug duied P

o T&m &1 YORv wd gdteq

e JHAMig YR Ud HUed

o Y Ied T WS I YERY (59 F1)
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geya e
W ATy ar—ag ) v ¥ fasfa g f—
Ffeea tar
|K=1t°C+273 (78 Y0 T H AT A @)
NERRLIE
[R = (°F +460 (T% HICTETEZ G0 61 T w1 &)

(ii) ST (Pressure)—STHII: T, @ a1 Ahel o 9 Pl Fed ¢ T Fofa 9 74
fre TR Q@ uRenfua e T d—
ot T A © S e Ffead A R S et W S g @1 g) e & wefiE

ST R | = .
i aEa A
U : N/m?, KN/m?, aR, TEhe
| a1 = 10° N/m?>
=100 KN/m*
| MrEhe = | N/m >
M e & Wehil

ATATERUIE S — e & S aMEo] § =1 % @4 & 9% % SR fwu fHiea &9 1 305 2=
%! AEOg g HEd Q)
SATEUE TE F1 0E 9U6d H S04 Ta8 T H9 S 21 36 JEEoia g @ 9 9 7@
<l 2l
s SaEig €9 = 1.013 ke/em
=101.3 kN/m°
= 10.3 Ve =
=760 mm WHU F
Frafa gra—3a 3uv Tt Fwd §1 98 HORHS < S § W e i % A 90 S @
3 AN g BN A 9w
frafa <@ = aEEeig g\ - Y g
U SE—T T 991 SIERE < 1 e A R g seed
s e@ = e T + 9 T |
TEa—aTaaod (@ S TH% 96 ST @A 49 g1 O T g, 9 9| SEe 2
GO ST i SMER WA Sl €, 390 TS 2/ 1 9 Hed araEiuid g 9 i e 2l
fafr= 7R & T@ @1 freqm am fean T g —
(iii) Ty AT (Specific volume)—I<T T F& 2GR 991 Fol T=A9H F AUE T (AR
AT FEd €
3ﬁ ‘v'?a’mﬂaﬁmar(é%'n
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J 1.10. wferaed ed sferacd WebH (Reversible and Irreversible Process)

mmﬁﬁ%ﬂﬂﬁﬁmﬁﬁﬁmmmm
3

yferareed R — |
m(gawmaﬂé.qﬁaﬁmﬂﬁﬁ%l

a-mm—-—aaﬁﬂmaﬂﬁﬂfﬂn

mmﬁ'Wmﬁﬁﬁ%Wy:aﬁwme%ﬁwwﬁmcﬁ |
ﬂnﬁﬁlmzﬁﬁm%ﬁ?ﬁﬁﬁwﬁqammmg}mgl &

(ﬁ)WW—WWﬁMﬁWﬂmmmmﬁﬂﬁi

wEd Bl
mw—?mmta%ﬂ.mﬂﬂamummi

0 1.11. fftwT Semfat Torer

mmmw,awmwmmﬁﬁ%mmﬁmﬁﬁ@qﬁ%—%
e &1
fafw s o 1 E—
(i) YA (Temperature)
(ii) T (Pressure)
Gii) fafime 3m@aa (Specific volume)
(iv) fafre ST (Specific heat)
(v) 3die S (Enternal energy)
(vi) TEierdl i e (Enthalpy)
(vii) TUT4l (Entropy)

(i) ATIHTT (Temperature)—3¢€ ST
fre7 ATOAE & iR YaTfed S B oT: SN & WA 3= qae §

SO ¥ WA ¥ feru SHA (Scale) F WA fRA1 I B
e T=E YA (Centrigrade scale)
@ TR YU (Fahrenheit scale)

@ T IYHH TAM (Absolute Temperature scale)
.. - . o - N N - :‘C
Atire drATT—3gH AN H °C F I S 1w W 100 mmmﬁlmTﬂjc
ﬁm%wmmcm%amﬁww100°C3‘m%|0°cm=ﬁamamafaﬁﬁm1
F1 JaTF A O gl .
- SN . R . 0 [4
wRATETE T — 3w A 1 wieRe T &1 g e 320 ¥ 212 el
180 TTTER 9r H Fiel i 2 :
RIS THA 79 EARSE G § Hag—

A 1 W Sl &1 T W € fop A I A
QI Hi AR B

5
*C==(°F-32
9 )
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P = 10.595 kN/m 2
1. ST i uRfd Hifm)
2. FmMiaHl H ariwTor Hifg
3. A = ofifys Fifm—
(i) Foamfae! fremg
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Q 2.1. 9R=A (Introduction)
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ST w9 A e T e 2 mmmﬁmﬁlwﬂﬁ@mmmm%ﬁqz{
firm Firefefan 8— .

(i) 13 =1 99 (Boyle’s law)

(i) =H 1 199 (Charle’s law)

(1) ﬁ-ﬂ'@fﬁ? 1 fram (Gay-Lussac law)

(iv) TR Wﬁ'ﬂq(Reganult‘s law)

(i) Traet & Fram—sg fEm & R “ferelt T % fafvea sorm aen frm A @ g o
3T, T F T F oA o 21
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q Ve —
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Pt

V
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AT | § T 2 F SRH—
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El VeT
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T 1 | e 2 F fau—
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(iii) ﬁ-ﬁ'{:ﬁaaarﬁ'q'q (Gay-Lusac law)—3d fm F orEn, e AfrEm s oo ™
1 A ITH I S qHEA Bl g1

Poe<T
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PL_P_ Py
n 17 T

(iv) Titee 1 1 (Rengnault's law)—38 fF7am 6 21am, “fme 21eel 19 =1 armm 1°C 7@
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Vi=Yo [ 273 ]
@ aretes e e iR taner st afiteear
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© W (Mole)
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% &A1 S we1d & AUES SR (Molecular weight) % eRTeR 814 2, S9! Hid H&T1 FHeamwl 6
Ifg 3G F TATH = m kg
adl aoTfas MR = M kg/kg moles
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M kg/kgmole M
TS AR 3G9 (Moles volume)

e
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n
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TEH AR TS ved ¥ ool ) G 6.02 x102° 2 B
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n

o
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T
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M
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V
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B fafyre frg witesor an amre fg aefteto

(Characteristic Gas Equation or General Gas equation)
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Cp=YC,
C,-C, =R
yC,-C, =
C,(y-)=
.- &
7:[-1-%‘:’—. C’"::fl
wweit 1. faf= i & fer e, ¢, y 791 R A
pie:) C,, (kJ/kgK) C, (kJ/kgK) . Cp R (J/kgK)
c
qr] 1.005 0.716 1.40 287.0
FIEA STEINEFARE (CO,) 0.846 0.657 1.29 188.9
e A AR (CO) 1.047 0.749 1.40 298.0
BIECANE! 1.043 0.745 1.40 296.8
S (0,) 0913 0.653 1.39 259.8
g3 (H,) 14.257 10.133 1.40 4124.4
SR (NH,4) 2.177 1.692 1.29 485.0
Afe= (He) 5.234 3.153 1.66 2076.91
3 (Ar) 0.523 0.314 1.67 209.0
MIT CH, 2.169 1.650 1.31 519.0
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® mmﬁvﬁﬁﬁmmfwm(c ) W T AMF (14.257 kI/kgK) Bt & a1 i 79
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T Wigd IETE0T
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27203

P_-_l = -E?JW

Al
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T fem ?

ﬁﬁﬂﬁﬁiﬁmﬁﬁ\@:?
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Vi =2m’
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V, _Th
Vi T
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¥ TI
23
Vs ::-J:;\Z
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V, = 2.877 m*
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1, =20°C =20+273=293K
P =7
1, =150°=150+273 =423 K
P, ="
R =287 J/kgK
T W & fE
PV, = mRT,
P, x1=2x287x293
P, = 1.68 bar Ans.
fer raa ™
P_P
LT
P, =P, XT:
2 T
=l.(18><£§
293
= 2,428 bar Ans.

ITEOT 4. 78 i fafdre e €, = L96 k)kg K. €, = L46 k)/kg K &1 19 =T Qe Zeaar=

e fradies &1 W 7T Sifal
Bl :

0 9 ® o

C, = 1.96 klkg K

C, = 146 KJ/kg K
p -C, =R
R=196-1.46
R=035Kk/A&gK Ans.
1‘! = RA
’\)
8314
J‘r - f‘l'
0.5
M = 16.628 Ans.

SR S, 47"C TTIHT UE S bar 16 U1 AT &1 3T 0.5 m® 1 a7g 1 0T A7 SITAT Al

C, = lkl/kg K
C, =072 kJ/kg K
P=5bar=5x10° N/m*
1 =47°C
=47+ 273
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=320K N
\’=0.5m3

Cp =1 kl/kg K
C, =072 kllkg K
m="?
T 9§ 6
C,-C.,=R
1-0.72=0.28 kl/kg K
=280 J/kg K

PV =mRT

PV
m=—

RT

5
=5x10 x 05 = 279 ke
280x320 A

m

Q 2.2 9Rea (Introduction)

e e .

mﬁﬂﬁﬁﬁéﬁ%ﬁrMWQaW#nmﬁa%mmm
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(Assumptions) FH=fef@d §—
(i) T fAfvaa smadd 1 19 sifass a1 § v St wafea fwa 2l
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(iii) 37Uped N fawa % IRA 3 fFE THR F 99 39 T H
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1 2.4. a1l I o [z SRS (Specific Heat Capacities of ldeal Gas)

fem ofmad W fREl eed 79 i fafre Fonfan
Cv=(£9)
dT ],

_du
Y AT
for g™ W fFd omedl 9 =i fafire soneafia

_dn

Poar
&9 W4 ©
h=U+PV
h=U+RT - PV =RT
T & |UE TaHeT Hid TW—
dh _dU
dT ~ dT
Cp,=C,+R Fﬁ=cpmnig=cgmtmt@%m]
dT dT
C5;—G, =R
arutfares TivT o
C,-C, =Ry SRl €, = fer 7@ m fafre st
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A U=f(T)
TTeTdl 1 IR % 31O
h=U+PV
PV =RT
h=U+RT
e U,T &1 Soidh € 3%: h W A9EE 18 Berw |
e h=f(T)

Q 2.6. feue fo=g (Triple Point)

feum fag W ST & faw 9@ a9A F A= SR @i s e
foudt fa 1 P-T (Pressure-Temperature) 3@ 7 §—

Liquid Phase & ical point
2
@
w
2 S 0"(l
% Q &
2 2 & Vapour Phase
& | soiid \® & P
Phase \
) #00 Triple Point
o =
S
Temperature ——

fa= 23

P-T ¥@ & Yq@ Th 4 T—
(i) HEfTeT & (Sublimation curve)—3H S TH 108 M Bl ¢ 36 SHI @ (Frost lin
f =ed €
(ii) STHfTERTOT @8k (Vapourisation curve)—38H 9 Td 909 Sl 2Tl @1 28 919 T@I (steam lin
(i) WIS &R (Fusion curve)—3HH 319 41 59 STTw it 8138 7% 11 (Ice line) *fl Fed @
T o T A o & e T T ¥ fon wed s g @l PR o
FFE (Slope) FFRHE A1 FHOTHS eIl |
ST 1 TS Ak 1 G Ted FOT ol €
Forrerferg v g et rrferivy v, TR a5 AT RIS 2 TR STl Foerd
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12.7. IS dTel GHIBRYT (Vander Waals equation)

A el AHHTO 1873 0 gar e Wl steen & few afamfza B o o
=T aTel THIh 0T
(P e ]W -b)=RT
V2

a, b= F:][:?l':’_ [#’Jriiéh
V' = 3T dA/<<THH

R = T4 fFraaes
P =<M
T = T4

(P + 11’; ]{v —b)=RyT
P = N/m?
V=m JIkg-mol
T =k
R =8314 Nm/Kkg mol k
Nm"‘/(kg-mnl}2

b= m"/kg mol

a

AaTST aTet (adies o 0T

Y W& Teret a(l\lm'lﬂ'(kg-mol)2 b(msfkg—mol'i
1. BESEA (H,) 25105 0.0262
2. TS (0,) 139250 0.0314
3. e ERATFES (CO,) 362850 0.0423
4. giferad (He) 3417620 0.0228
5. ar 135522 0.0362
6. S a1 (H, O) 551130 0.0300
7. Tehdl a0 (Hg) 2031940 0.0057

() 2.8. 3T YT (Amagat's Experiment)
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[ 2.12. 37if31® ETE (Partial Pressure)
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(o] ° le) X » a o} o e X
Gas A o0 Gas A « Mixture of = o
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0 2.13. 3991 &I F=NSTT (Compressibility of Gas)
T g Y g e 21 TE w geiigga i <1 it | fasfaa fmm T e —
(i) FHATIT g4 (Isothermal compressibility)
(i) Tar TEegdar (Adiabatic compressibility)
T AT qUTieh (Compressibility factor)—f&dl 9 1 FEdiEgal oTis &1 U1 &1 Helh =
HH=4: 9 U6 qrgeE|
T 5 7 = [ (T, . P, ) il g 3 TEe a% 2 1 Wea U 9§ B 41 T § K 8l
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P=P,+Pg

Z=f(T, . P)

(i) g 1w (Boyle’s law)

¥ 7 & ergan-

(i) =ITed =1 Fras
39 a9 & STER

(iii) T-FETH w1 Fram
3 fram & 7R

(iv) TTee & fFam
39 9 % IR

o Wt fra faais

e fafyre g gritemwor

Voec—

PV =C

VeT
VIT=C

R

Nl v
I
a N

Vi =1l’{0><"7;
Ty

Ry =8314.31J/kg mole K

§314.31
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PV =mRT
p=THqE
V = 9 %1 SEa
m = 19 1 TqHA
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meet frat & Frm

dQ
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EQS
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7 75
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)

m for H, =2
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0 =9.28x10400(293-275.4)
0= 1.69kJ
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I{— Py =133 bar, P, =2.11 bar

2. foev=r o T4 w7 fam fafrea e g —
(i) T =1 9T araE = 20°C
(ii) ITCTTF 24 = 1.5 bar
(iii) IRfETF M6 = 0.1 m
(iv) SATdH ST =75 bar
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ITT— 586 K
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(c) T-THH &l F79H
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10.
. aTreyt T vE areEfas 1w ) 9Rwfia wife
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12.
2 5
14,
15.
16.
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18.
19.
20.
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FreYl e F1 fafire fam = TreEw
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(Thermodynamic Process on Gases)
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(i) foR 3gaT whm T gneTeetE wFH (Constant volume or Isochoric process)

(ii) 7R <19 WsF9 9 FHeTEl WT (Constant pressure or Isobaric process)

(iii) o a1 w=T a1 gHard W (Constant temperature or Isothermal process)

(iv) TR woerdl werg a1 $@TST WA (Constant Entropy or Adiabatic process)

(v) aﬁﬁﬁ'ﬁi q6H (Polytropic process)

(vi) FRfST 7 (Throttling process)

(vii) Tth SHIOT A (Free Expansion process)

(viii) SIS T F1 (Hyperbolic process)
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PV =mRT
IqU THIFIO 1 gl (Differentiation) T W,
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W[t is the ratio of Brake Power to the Indicated Power.”

T
BP.1 _ 60%1000

Mmech =51 = 7 PLANK
60
_ 2nNT 60
Mmech = 0% 1000 < nPLANK
0006287
Mmeeh == 0k

WYY AT (Relative Efficiency)—78 §faa amdi 2aml (Indicated thermal efficiency) @@ amg
T QET (Air standard cfficiency) &1 a2 2l

Ratio of Indicated thermal efficiency to the thermal efficiency or air standard efficiency is known as
Relative Efficiency.

Indicated thermal efficiency

Ne:= Air standard cfTiciency
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AR TRIAT (Thermal Efficiency)— 4% gfad 4 a9l ¥ed 1 = AT 5 3?*3::' Mf}
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. ¥
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- e '
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o o & A nﬁ;?_[}m THH (Reversible Adiabatic Process) am @1 frar straaa WA
ProccSS) 3

Volum¢ ) . . N
;szr:rﬁzﬂﬁut*ﬁﬂqﬁ'mm(ﬂ.lﬁ.n)ma:wmmmmﬂqﬁaﬁq

psta!

A ke
— . o
;ﬁ‘\f@ﬂ 12 «qﬁﬂ"ﬁd FoI 43T YA (Reversible Adiabatic Compression Process)

PV = constant
e 23 fegr AIAA 9T T ST (Heat Supplied at Constant Volume)
Q-3 =mCy (T3-T5)
o 34 ufqad TG TETU TR (Reversible Adiabatic Expansion Process)
PV = constant
of 4-1 o 3 W T SO (Heat rejected at Constant Volume)
Q4 =mCy (Ty =T))
ﬁaﬁ?ﬂ-ﬁm (Efficiency of Otto Cycle)
o R §

T2 T _ Net work done

Mowe = =
" WSW I Heat supplied
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(iv) fre3 ﬁ"T{Pisllnn Ring)
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L. = Length of piston (m)

[viii)
N = Speed ol Engine (in rpm)

Wégﬂ e iUl (Classification of IC Engine)
s

s 1 :
. @ﬁﬁgﬁ\"a?ﬁ (Stroke per eycle) @ STTET T7—

" &-Tr o (Two-Stroke Engine)

((:) ‘HR—FZW; Z3M (Four-Stroke Engine) |
F‘f‘"ﬁaﬁ Zomidaent =ieh (Thermodynamic Cycle) ©h 2TTETT TT—

(;.)fmt'qﬁa'ﬁwmfmﬁasﬁm

(ii)

(Constant pressure combustion cycle or Diesel cycle engine)
(b) o TP T < N S T S
(Constant volume combustion cycle or OTTO cycle engine)
i) faferogt-aaaed (Cyclinder Arrangement) o 3T qi—
(a) &if6= 351 (Horizontal engine)
(b) T T9H (Vertical engine)
(¢) V-2189 35 (V-type engine)
(d) 54/ 3517 (Radial engine)
(iv) e UGid (Ignition system) & STETT TW—
(a) T ST 90 (SI, Spark ignition engine)
(b) HHISA Se $9 (CI, Compression ignition engine)
viteer (Cooling engine) & TN TT—
(@) S~ er 3 (Air cooled engine)
&_]) I e 399 (Water cooled en gine)
gﬂ?gﬁ‘m (Fuel used) & 2TTEITT UT—

(v)

(vi)
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m-;zja';—?iqm TE HWEA =% (Suction and compression Strokey)

222
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Ry 8.1, Engine ‘ﬁ
S R S
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T1Y-¥E7 fasm Svm 10:1 - 20:1 18:1 - 100,
S W e o e
BEISERSIUG I= =
TE-TEE AE Fq I=
RIS 2000 - 6000 rpm 1200 - 3500 rpm
UG ST T (26%) S (40%)
= 5 STEA B T TUSTFT S T 4
viisa FYq 3=5
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0 10.16.3.37"%'@3@35% (Engine Power-

B gfaa wifed (Indicated Power)
.Wﬂﬁﬁﬁ?ﬂﬁ%ﬁﬁmﬁmﬁﬂﬁmﬁaaﬁwm%w
“It is the total power developed by the combustion of fuel in the combyg

P = nPLANk kW

Indic
Tdg Brakep
n‘"f‘&r)

tion Chambe, .,

&l n = faeoel it T& (No. of cylinders)
P = Weg AW 1 (Mean effective pressure)
L="RF (Stroke)
A = frT 1 §F%a (Area of piston) = Edz

1 =% Four Stroke & &I =1Two Stroke kesa efueS

N =mpm
F& VIR (Brake power)— T 97 & ASTPE MR T Iqeqey T VI B 3
"It is the power developed by an engine at the output shaft.”’
_2nNT |
" 60x1000

W&l N = rpm, T =Torque
THOT YIfeRT (Frictional power)—' 8 §fud Wfed a9 o WA &1 SR 2 21”7

“Itis the difference between indicated power & brake power.”’

Frictional power =IP — BP

nPLANk — 2nNT
60 60x1000

= - nPLANk - 2[2]
60 1000
I Frictional power = 6—A{; [nPLAk—0.00628 T] kWJ

O 10.17. g&5e : Fiftes, AN, andta, smaaf® _
(Efficiency : Mechanical, Relative, Thermal, Volumﬂ)’_’_,%/
I

Nl
T AT (Mechanical efficiency)—ag 3% WF aen i e H

“It is the ratio of brake power to the indicated power."’
2nNT
Monect _B.P|_ 60x1000
LP. | nPLANk
60

Frictional Power =




M . 2T 60
meeh = 601000 nPLANK

0006287
fmech == "oy ik
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(Relative efficiency)—4e Tﬂ%ﬁ T4 S&T (Indicated thermal efficiency) 41 EIR

(Air standard efficiency) <1 T4 2 31
e (il | efficiency to the thermal efficiency or air standard efficiency is known as

Ratio
: jency-
Relative Efficiency rﬂ Indicated thermal Efficiency
R =

of indicated therma

"~ Air standard Efficiency
ardta qETe (Thermal efficiency)— ¢ gf=d 1 qen SEH el H AEnST 1 3T a2

o]t is the ratio of indicated work done to energy supplied by the fuel.”

<3 g A SE (Air standard cfficiency) 9 e ¢
l-{ﬁﬂﬂnﬂ‘q 2eyaT (Indicated thermal efffciency) .
Wmamww@mmmmmm
L'P,
my xC

Mw)r =

§ 9 AUia <eTdr (Brake thermal efficiency)
3% I Qe 3 U T Ve S ST e <

B.P.
mf xC

(Mw)z =

el LP.= §fad v (Indicated power)
B.P. = &% WIS (Brake power)
my = $67 1 S S0 HHUS (Mass of fuelsee)
C = ™ 9M (Calorific value)
S ::qmm (Volumetric efficiency)—3e a0l B& & 21 e T ST S 16 =2
I B 2

ey,
Fthe o Itis defined as the ratio of actual volume of the charge drawn in during suction stroke to the volume
Piston.’*

Q1g
<1018, et wify 57 e Y AR (Method of Finding Indicated Power)

Wq&?ﬂmﬁmwaﬁmmﬁ(Indicator)ﬂ{%ﬁ'ﬂﬁm%lwm p-V 3@ g
o R T 2
%WW%W
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T TR = 3% TR + S whr
Indicated Power = Brake Power + Engine Losses
ﬂﬁmqﬁamﬁﬁémﬁaﬁmmmﬁﬁﬁmm@mmﬁ
Tl g 9 W feRa s R RIS

AR Y% 3RW (Indicator Diagram) 398 B A & Ffew vhm 7 Mg
Ao & 0 R * g

(i) TEHTET (Planimeter)
(i) st ff¥r (Co-ordinate Method)
(iti) wrem wwrEt o Bt (Mean Effective Pressure Method)

_ MG F T TG (mm)2 .. .
i) WTe e Pre)= s |E|EIT'|I$
» T Fine) T H = ()

Net area of dingram in mm?
(Pme) =

iy
M iy

X Sprin
Length of diagramin mm pring constant

._ Py, TR H—
- Spring constant = bar/mm [Vertical movement of the indicator stylus)
& 5 SN % & 9% (Engine Indicator) SEHH fou s —
(i) freA Y& (Piston Indicator)
(i) HHGTH %W JIF (Balanced diaphragm type indicator)
(a) FRERE T T % (The Faraborough balanced engine indicator)
(b) fs=797 {3 F=F (Dickinson-Neuwell Indicator)
(c) T 3% 3 FUGH T Y= (MIT balanced pressure indicator)
1 (d) = HHIT T19 Y= (Capacitance type balance pressure indicator)
boio G (iii) [ =% (Electrical Indicator)
e (iv) SRT &% (Optical Indicator)
B gfaa w1 & MU (Calculation of indicated power)
T Pre = T3 97E qra, R H
A=fr=a = m, m? ¥
L=R% % 7=, m ¥
N = 5[ FI 9[ed, rpm b
k=%ﬁ»4—8trokc E] faa
=1=2-Stroke ¥ T

7 W =@ = P, xA x10°, (A Fo)
FHEDF = T x ATR, WIF F T
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=P, xAx10° x 1 (FA-1lo)
Fd/sec = %T&HE\!EF ¥ Fl/sec T THE

N
=P, XA x10? xan)xk (N-m-sec 41 J/sec)

_ P xAXLXNxkx10° W
601000
wd/sec = P XAXLXNxkx10

6

[l: mﬁ:l?{-_-Eﬁflscc=P”"’XAXLXNkamkW

kW

6

019 D gifa AT @< @l faffr (Method of Finding Brake Power)
Q10>

mm %mmmwmﬁm A & I TETAM (Dynamomeler)av'ﬁﬁ
_ﬁwﬁgm%aﬁtﬁﬂ (Brake pulley) T T forllu SRR 1 39 @ &1
v 2 21 i & fasife o R

(2) W AT (Absorption Dynamometer)

(b) T <A (Transmission Dynamometer)

(a) VAT STATHIAET. (Absorption Dynamometer)—%H ST F TN | wied & A9
ﬁmmﬁmmmﬁlmmﬁmm%mﬁqﬁaﬁaméﬁ%l

i TR ¥ TO W@ Y FrEfrE §—
RHEED SETATEY (Rope Brake Dynamometer)

o Wi 9% SAHME (Prony Brake Dynamometer)

® UEl 3% SEAHMIE (Fan Brake Dynamometer)

o TEN SAHIHICT (Hydraulic Dynamometer)

. ﬁqa AF SR (Electrical Brake Dynamometer)

g (b) mmﬁa (Transmission Dynamometer)——iﬂ 3ol X (torque meter) 9 FEd Bl
e T TR (Automatic & accurate) A1 21 FH FET T SR 1 H01 ST Bl 21

d1
--3:.2_9;?_? vifdt & or (Determinaton of Brake Power)

lecmﬁﬁm%m@Wﬁmmmm%ﬁﬁDyna{nomelerffﬂ?ﬁm
TR (Woode ¢ uftfy (circumference) T & Tl aig 33 g1 T& &1 fHeem T g9 %IFTQ'EW TFE F
mmﬂqﬂn lock) 1 M 4 1 39 (Wooden block) F1 ¥ 10.14 ¥ fe@ran ma1 71 fo7 & 3138w
4 T R U fR R (W) e gat fat W fiim f (Spring controlled Blance) & A

mqﬂmmm%mﬁﬁaﬂacmmetenﬂmm%l
SR T f 3
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Woe @R & sim N @ IR (N)
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Wk Revotaton = A WR waeT ALY
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WL b2l

n agfuferret 5 (multi-cylinder engine) % A0 %74 A
¢
p mhmp’ﬂ’l?"ﬁ?f”ll
qﬂ,a;fﬂmm dary ) fofre e e uUe R e (R i RAGIRA
| r?ﬁ ‘T-:( PHA T 7
¢ rrlﬂg[ﬁ”lrﬂ‘?mﬂrﬁ’l’ﬂln?/l 7§ 7 A e w0 ) e
Ertﬂ ,rﬂ rr[ ?-] PI

?T{m‘m’n : B e o a ( e arTa
i aprafereh S T S alrd 71 a & S Torque) F1 T 900 7

G| (Gl
:m g ® qm e s =il fafered W

|l !
“r"“'h', ‘, = o ffemel 11wl
2 'wn f{ﬂ,prfﬂ iy g wefda fan e E, @
I -:H| —f-|]‘| ”1 —- L’;H‘”; "'L;)'i‘”d "L_;] )

_ﬁ(nlinllm | 9 i @@l o= =0
| =0 Ly =Lyt Uy =Ly 4y~ Ly) i)

il (i) 80 i) a,

il
-1y =1
NNy =1
Nl =1
Thon for -ty Higine
el tly ittty

11042, T ¢ 71 NI (Hont Balanco Sheot)

T Iy - .

-y — -t

Al o iamum L T U Y (R R R P AT hulunu nhun AURTIRADR]
R r"ﬁ“q AR (ot badinee sheety @) lequ, 1o (IR G EURE s

0 AR Conatant Tl 10t o sl

W6 B e st i @ LU

Wiyt RN ) one el ) el o (Calarifie valie) a8 sl

W) g
\ LT WAy Wl FVRTE e (lor & ontlet lempertre of cooting water)
ARLUTTR TR (W

& m‘tl? :“::“ﬂi{ il
l}“ﬂqﬁ Wy Yo W fﬁl{ -
SRy

elaht of exhnust gas)
G e et Fe el ) o s

Ml X g = s of ool (Kg)
C= Calontito vadue of fuel (Mo keab)
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fra v % frg-
E T = VxC Vi volume a NTp
C = Calorific v
(a) W'l’m gra yifE SR (Heat absorbed by LP)
waEn FERE = LP, x 60 (k)
(b) vﬂmmmmvﬁfha ST (Heal taken away by cooling
my, XC\, X1y ~1))
£ (4] m,, = wfa fire witwers o e e
¢, = 9 % fafire suy
ly = o
1y = Wi moum
(c) ﬁmmﬁn’fum AR F (Heat taken away by Exhaus Gases)
=my XxCp 1, ~1,)
L] m, = (4% il %1 g (kg/min)
Cpy = W fifaw Fen fem 7
1, = fram 6w aqm
{, = wO T R EIE]

(m 1lf'lninl

alue of luel (l) ¢

0 l“-.““

waler)

Heat Bealance Sheet

SENol o em KJ Percei
Heat Supplied by Fuel - —
I Heat absorbed in [P

Heat taken away by cooling water o —

Heat carried away by exhaust gas —

Heat Unaccounted for (by difference) - - i

Total _— —
¥ T g

=5 fixhaust Gases %1 TETIA W9 Y<A S0 & ZA9H 491 W&H a1
wra ¥

(210,23, 571 + T FaE §9 v W SaeT gor A
_(Concapt of Pollutants in SI & Cl Engines) //mw
sttt ¥ A g w1 w3 e, 7w g & e "
wron A o &1 gqm wrew fyefafir §—
(1) A Yieh st (Carbon Mono Oxide (CO))
! ' (il) WEIEE (Hydrocarbon (HC))
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-.-—"""‘——‘

= “i 1 ! . -yt s« biled ont NO) i
ﬁ“ o (NS ¢ (Oxides of nitrogen (NO)
arar ™ ¥
‘.‘ii] 7 |F1|glpflll

{iﬂ : ',\hll’ll}ll""|

() §& |ead

. 'f.'u.\[n‘"'lr"l Particulate Matter)

L GPM( |
i FHEl yeafira wgaa (Emisslon from spark Igintion Englae)
'ﬂmﬁ Ay A A g Tl B —

' 1t ‘(iﬂ“[i’l YT (Basion of pollutants from exhaust)

n fmrm b
A & AU i

11 ’it"’If':Tt'I TETE (Emission of pollutants from Evaporaton of gasoline)

i .
{ an'amf&m WG (Lmission of pollutants from exhaust)—34 3 fafearer @ P73 #
4 T wrd s i A % il w1 F1ein A reaction &M ¥R A—

prat

20,y + 250, — 16C0; +1811,0
qrR] ¥ 4% 1 reaction s w0 3 A T it g fafaret @ o @ e el 6 0
o o e A A S (By-product) 3T £, (W @ f—

o vt Tl afwEE (Carbon Mono Oxide (CO)
° mﬁ"mﬂ‘! (Hydrocarbomn) (HC)
o AWIA & AFNGE (NO, )
unﬁﬁfﬁ;m g It e (Emission of pollutants from Evaporation of Gasoline 57
by ) il w0 o o) o) & wgfe e
s s S o g s e A i A o i o -
(i) T ZE (Fuel Tank)
. (i) TFF{T‘ZT (Carburettor)
(iii) im“ it (Crank Case)
m_“‘f" LUEAEnCE T 15 it 256w o 2 0 am e #t Fefi @ &
% R W et e am e e
U Tt SAETT YT T Iewhia UGUeh (Emission from Compression Ignition Engine)
0w swgwws fasfafen §—
4 ’Fﬂh AL SIS (Carbon mono oxide)—215r@ $90 W g8 7= (Concentration) ferer
g W& co w3t 20 i
((l:ll; ::::FWW ('l lydracarbon)
(Iv) Ufpg:m " S
eRIe (Aldehyde
V) wa i

(Oxides of Nitrogen)
§)
HEEIT (Smoke & Dust Particles)
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& m I
W 3ades g | AL fR=9T (Pollution Control in 1C EHM

Faeed 9 A weuw = fafE %1 & foe qemm: a’lﬁfwwﬁa‘gm
T3

Ao

g_
i) & % feoi" ® se@| (Change/Modification in engine design) %
(i) fFrwE T & ITER (Treatment of exhaust gases)

[ 10.24. WEHOT fTAS IUSIUT (Pollution Control Device)
F9 Wq@ Y FaEs e frefefed — \
(i) YA e FY J=avH faEd (Positive Crank Case Ventilation (PCV) Syg
(ii) IBF ﬂﬁ'ﬂ'cfﬁ‘?((:atalysis Convertor) o
(iti)y Frre T4 [ ware <A (Exhaust Gas Rercirculation (EGR) System)
(iv) 'g.’ﬂ’{ TN IR a0 FaeH (Fuel Evaporation Emission Contro) (FEEC) Syst
(i) ST B H® iy faRT (Positive crank case ventilation (PCV B

T T R-FE % FRv e fin el fafemet # o 3= 2 & s o = Eﬁ;;{&;‘;m
{unburnt) Aa =0 WRA (Blow action) &N det fee o 7 7% fam T R mmﬁm
(Hydrocarbon) WM H TIRSIHIET 1 FTAE 6 6L (Breather) R e = T eSS
Hrres ¥ 3 fean W 1 T
Blow by Gas
47 %5 3 e S R F 1 R
oA I B T Bl I e

fa=x10.12

(i) ST TRadeh (Catalysis Conv enor)—m q& IEYT WCUF 1 TS T T ITN 7
a1 &1 T Yeus TR SR—COH €O, H,HCH1 H, 0%, NOFI N, 3R 0, # wfiafdq #

ﬁﬁﬂﬁﬁmﬁmﬁmm%,"%@mmm@m%mmmw
it farm Tty sfafwar § o fee agr € @ aeEn AT &l

VR SRR UeTY FrmitfEd §— S (Platinom), TFEEH (Palladium), Rhodium, il
etc.

(iii) e 7 1 warg Few (Exhaust Gas Recirculation (EGR) system)— 8! 3 sﬂ'ﬂ’f‘\ il
TR ¥ RS B H9 FO F fere i e §1 TS & aitess i i 7w
(S5 1100°C) R N, W 0, % T2 F FR & 2 i

T ¥ SR B B G W T T A SvgE e 7 € R qe 3 T
TEE (1100°C) | F9 FY ™| s @

EGRSyslemﬁﬂHﬁﬁﬁWﬁHﬁmﬁqﬁFgaﬁmﬁﬂq: S T ¢
F§ F AR f74 7 @ &
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) AT forifora @t % feu BGR frafa T (EGR Vacuum Regulator)

. wde
ﬁ@ﬂﬂ Sealing
// Exhaust

ﬁ“ gl [ . y /
Harmless
ot gases
oliutan I
Noz+co+ HG +r'zand 02

Catalyst
ferar 10.13—Representation of catalytic converter

;qali —_— — _ @ — W —s —> Exhaust

-.--"
exhaust —>——— gases lo
12505 - almosphere
—
exhaust ‘l'
Engine |, Inlet |, Vggﬁm
cylinders manifold requlator

fa1 10.14—Representation of catalytic converter

(iv) ?mmmﬁ? Frersror fa=e ™ (Fuel evaporation emission control (FEEC) system)— fraa
i % o 2 iR deR A JE: 2o 1, FECR, #F F9 AR A T e

e U % fTe gl § A SRR (charcoal) o BT & S AT S i Wi HT
b7 & ] e B Ben € ST Ser e ) Fer B A g e B e e 2

wafe sm@ e 8—

From air
cleaner

Collected fuel being sucked ‘ l

—— — — —

Evaporating T

—

| etrol -
 Fuelfling — p ,
Gpenlng  ——— — |
Carburetor
Fuel tank I
Float
L 3 chamber
—_— S :
— | L Thr—ventto
Air veniing Gamgol l ' lJJT\E!lrnosph(am
chambey Petrol tubing

et 10,05 g
0.1 chematic diagram fuel evaporative emission contrel (EVAP) system
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(1 10.25. RT3 HIF® (Emisslon Norms) Sy by

_“-‘-‘__"L"—'—'-—-
0 an e Pl s a1 gt e gy ‘"*lmm“‘“ — \m
¥ ~

aom; ) gl Flf e s 8l ) om0 ol LA __”\-
R BT AR TR
Vo Nonms— 090 Q30 21 4 ara e od Slage gy A 3 1o o -m., A l”'i'lqh

LINE
gaal Fabeor po22 W fmm e am W= e (iuRo 0 BURG v I
b 2004

Table I': KURO |
Eurpoean Petrol Vehletes Emission Normy (Kuro I

Regulntion | Effeetlve from coO He m
, j 0
(pm/k Wh) h.lllfk Wh) | {an\ “ I” I\\“

s \
007 [y,

EUROQ | 1.7-92 272 )
BURO 11 1-10-1995 2.2 = 0.8 W
EURQO I 1 1-2000 1.3 0.2 i

—

EURO IV 1-1-2005 L0 0.1 - 01
—1
Table 11 : EURO 1 4

European Dicsel Engine Emission Norms (EURO 11)

Regulation | Effective from | CO (gnvk Wh) | HC (pm/k Wlllmm
URO | 1-7-92 4.5 .1 8.0 w
FEURO Il 1-10-95 4.0 .1 7.0 n.f
BURO I 1-1-2000 24 0.00 5.0 0
BURO IV 1-1-2005 1.5 0.46 35 002
EURO V 2008 1.5 0.46 2.0 00

—

B YR 9T [Indian (Bharat) Norms)|
A W & STEYAR 1 June 1999 1 EURO | &1 WA H Motor Vehicles Regulation (VR
Y N w0 R Indin 2000 (Bharatl) % &9 % 14§
2002 ¥ EURO 11 &1 Bharat I norms & &9 7 511 771 €1
Table : I

Indinan Gasoline Vehicle Emission Norms B
Effective From CO (gnvkm) HC +NO Eyaporative Cpr.:l:l]:i::
(pm/km) Emission U

0.1-4-91 [4.3-27.1 2.0-2.9 No regulation No repulaton
(Based on Refl, mnss) Nol allowed
01-4-96 8.68-12.4 3.0-4.36 20
(Based on Enginec.c.) —
1998 4.34-6.20 1.5-2.18 — Not allowed
01-4-2000 (Bharat ) 2.72 0.97 o3 Nol 1|||m\t't|
2002 (Bharat 11) 2.2 0.5 L“_._--A/




Table IV
fndinn Two Wheeler ICmlssion Norms

—Study-PowetPoint

-
/ Co ne HC 4 NO
(l *‘l"“l ” x
; 1-[“":(“ L m) ~ pmAm) (gm/lm)
e 120300 RO-120
g0l
ME | I LR i nnss)
[ase! 4.5 1.0
M
i+ 20 1)
4-00
0l |5 - s
m/“_m’/"—_
Table V
indian Three Wheeler Emission Norms
= -
e (rom CO nc 1HC + NO Tdling CO (%)

Hie (pm/km) (pm/km) (pm/Kkm)

- ’——’—-’-——._—- o
01390 — - 4.5%
01491 12.0-30.0 8.0-12.0 — 4.5%
01496 0.75 = 54 4.5%
01-4-00 4.0 - 20 4.5%
1-4-05 2.25 — 2.0 —

Table: V1
Indian Dicsel Engine Emission Norms
Effective From CO (gm/km) HC (gm/Kin) NO , (gm/km) M (gm/km)

1992 14 3.5 |8 —

1996 1.2 2.4 .4 —

2000 (Bharat 1) 4.5 .1 8.0 0.36/0.61

2002 (Bharat 11) 4.0 Il 7.0 0.15

:]_EEE Allernallng Fuels : LPG & CNG

;ﬁwﬁqﬁtm!ﬂm -a ?Tm T\ﬂ &l Tﬁ:‘T‘ ﬁ?:]l:c:fqu W 3,7;'11 ‘c'fm (Cm-]\-'cpli(m:r'l"l lincrg)’ S;‘J_llrl.".l?‘]
% f—lmF"an] MEECEREER UL el Wferm & & 7 ﬁam E(alel S ¢ 3T
o A W fe w dm 3 R A A
PR Frfrfiag §—
((‘:]) ﬂqﬁmﬂam T~TFI (Liquified Petroleum Gas)
M (Compressed Natural Gas)

g,
{



v
o b B et % i st i A e
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(ii) @A-19 (Bio gas)
(iv) ffﬂ:ﬂ'( g (Producer gas)
(v) TS (R T W) [Aleohol (Methonol & Ethanol))
(vi) FTEfA 9 (Vegetable oil)
(vii) ETEGIM TR (Hydrogen oil)
0 10.27. LP.G. O3 35 & fore
Wifaam #t ftegTa wfwa (Refining process) & AR fﬁﬁ:r::{m
T, WA, =9 39 0 81 A6 A F AR R el QA g (Liquiﬁedm a“mﬁ%
LPG TEra: fey Hoeai @ faaaw &1 i e — TRy
WA (35-93%)
W (62-2.8%)
S (2.1-2.9%)
ﬁmﬁmﬁ‘wm%m?ﬂ?ﬁﬂﬁﬁﬁﬁmmmﬁmmgl
LPG & ¥ (Merits of LPG)
® T3 T A o B
o - H OET FH T TA B
o F%-%7 fI¥T (Crank Case dilution) F9 & w1 2, fed oM #1 a1y 7% s 3
® 7% F Wil § Ioqwid Tl €
o Tg-fafevet oA ¥ 9 W LPG & fagw § &R #9 &1 9l
LPG & g4l (Disadvantages of LPG)
(i) i'fm" TS G i T S (Latent heat of vaporization) afees B €1 3R et 2
(Volumetric efficiency) FH &dl 2l
(ii) 391 I=1 @ (TP 18 bar) W HiEd HT Tl 2
(ii) =77 (Blending) &1 THEN 3= Tl €
(iv) LPG % eftsrsl 91 3G & T whgl I Fehell T

O 10.28. Fif2q H@ﬁﬁ? g (CNG, Compressed Natural Gas) ~___—

-~ - 5 2 n:r-qqqr‘
N TeTd: e .98 S 2 qm A A arg A 8 A
CNG ¥ q@&rd: Hg (M 80-98%) 41 il @ T o 7 7

M ¢ T g TG 99 F FY T €1 SHF qA (Density) Fga FH wl
(TN 160-200 bar &) FE T5@ 21
% =7 73 29 T ¢ A4 3 o Aol S e ¢ farad g P

A i T

2l

R R o T O] e Laks



Study—PﬁweTiD” oint

(Self Ignition Temperature) 3= M 7 Zafer 3= T 3l &

M@l‘rﬁ% ﬂﬁﬂmgwﬁmgﬁ@mfﬁﬁﬁwémﬁmﬁmﬁwm%l

s-a:[ @I éﬁﬂ a3 (Fuel Supply System for IC Engine)

ﬂgmmg‘lﬁrﬂméﬁ 357 79 ) ST A ¢ AR T2 7 g i &
WW i facrmst M mm?mmmqwmmmmmm

# o A
Wmmammarnzms’*ﬁmmmmuﬂmamarq’sfqmmm

ﬁmmmfmmmmmmmaﬁmmm? FAGHTT
mu,cuonpwcch")mm uzrﬁmmmmwaﬂzﬁmmm
fe

mﬂamamzﬂmﬁm*

; "_{"_W mar- FeiE 9
fm.z 5‘51 ]l EF

%-—-rrm
k! ﬁ,‘»?_‘l’ —
AAETI 7Y ® \
| |
e 10.16

FACHTO F1 Wofem 3 AR FFH—

(i) 35 nfq

(iii) mﬁﬁmzﬁlﬁ;ﬁm
.m@%‘rf%m

0 (5. =2 c ;
| Zomm i 3TAN chemically correct mixture @1
® Richy Mmixture ; | : |

] .
Lean Mixture ¢ 20) : |
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_ 5.3.' \ .

STl 21 faww F A FO F ARG B FETF (Carburation) FY 3 - “??»w
%Wﬁi?ﬁﬁﬁﬁﬁiﬁmﬁmWapoﬁzc)mmaﬁ% ‘ m
395 fagm 77 9 9AN FT §, FRGEA (Carburettor) FETA 2| ' ,Wmma&%

Ca-gurettor W2 39 &1 TF Hecdyqul 9M =
= E@ZT%T'{IUT (Property of Carburettor)
@ =3 FAQ T 5 0 fagme g4 wifen—
(i) YE@ W@ 9y w fagn R wE
(i) &8 ma'r T Od g9g T §a=r‘a$1 FUIFA (Atomize) Fh FToiige (Vaporize) 750m,
(iti) 977 F1 Running condition (STH—R, Tfa) 3% % SF7aN et wd oy ST 1 e

3fea fago O F
(iv) 9 F Idling 350 F SRA e T U2IE FeM TN FE 399 ) 7 s s
mixture F1 SGEIFA Tl B T3 iy

() B S A T I O R
(w)lﬂhngcondmon % SF 3o § Racing &1 4 s
(vit) - ot SRfemed (ST, o, ) € 1 T G e A e wm
- (viii) mara TS g1igd (Simple and compact) 2 =ew
" lp), 7w T @ @ ey
00 1031, 3cr R e <
(Simple Carburetter : Working Principle and Construction)
T TGRS F W o a2 10.20 # frn o — |
WW agm%ﬁqﬁcarburetion mwﬁqﬁ W@H‘ml W FEmAT

fafv=a fa i (speed range) Td 399 W w fafv=a ar €9 (load range) mfmﬂﬁfﬁf“mw
Gl :

TE TR % q&A 9 Frefanad e—
|. FEq F4 (Float chamber)

Téfﬁ (Strainer)

. FilE 7 < (Float)

: 11‘;5 died (Needle valve)

e

)

S Lo
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fer 10.17—Simple Carburettor

5, 3TA-AT9d (Fuel-Nozzle)

6. 90 (Venturi)

7. Wied ared (Throtule valve)

8. o - qu@ (Vent)

L. 3G F& (Float chamber)—78 TF 12 G2 (Reserve) F B9 § Frd Fa ¢ {7 1%
™ 7@ ¥ (Constant pressure head) U sl &1 353 F1 A9 HT@ £

Strainer, float and needle valve 381 % 9 24 &1
. ﬁzqu (Stesiner) 5 @ T4 {78 & e 1 T 571 0 1 6 7 #1 7 T A

UEIT (Cone shaped) 1 AN (Cylindrical) 1% T 2T 2
m%ﬁ?@‘g%m‘?ﬁwﬁﬁ o 7 ) T % 5 7 (Dus) 2 81
AT &l B 34 I FLHC FI AR TH
] laﬂmmom)—-m A T 357 1 T, Float chamber 1 73 Reif@ 9m 7% 790 T 2
ﬁm:;@ ‘Eﬁwmﬁwm%mmna@mmm Float chamber § 913 91 253
| 4.11_%:'_%‘_?11 float W = =ren e ¢, forerd 3o & 3101 1 TN @ A0 2
T 1y (Needle valve)—%3 @, float charuber ¥ 31 A 37 F (rifm T 21 g e
STIRT f e 21
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e
5. BOF-ATAE (Fucl-Nozzle)—FHH T2 A 293 F) v ) wps
FrEol 35 = F0 g A e A Ao (vaporize) %1 4,

6. A= (Venturi)—a8 WF Tell F AE T HGE TA 2 50 oy

- tr - A, . JT; q
TN T2 F QYT Aol W YT @ € TH F2 (hroar) Fen 3 P T 2 4
TaH gen #r yalea 0w oA w0f g s am S

GG T4 (Atmospheric Pressure) Z1 2| ?[EF. FIZ W TE AT :Hm_t::[;]ml ¥ Flog, h
& A T (Atmoshperic pressure) A FW TN F S w9 Vit oA G
difference) =704 I 2 4h 3579 T ¥ float chamber A ST 57 1 fﬂ"{ﬁr',; rql_r'f'ﬁ o Tty
7. T A (Throtle valve)—F7H KA Fd— T2 4 7111 3 fop :;\;':"f"““ s,
&1 FAd ¥ FF 921 257 Quantity governed (AT Agfate) wr ¢ Frem e 4 ;h“ B .
e, faferee g w=m fFw 0 de (WM vE A fasmn) SR VI b| A
Throttle Valve, Venturi % 12 @M §181 #1 32 F27 (Links) = e
padel) B 331 71 21 T57 1 7O W 7w 7 T 2
B.MﬂTW(Vem}——FIUmchnmbcr T T 7 7 faam chamber § AT 21
pressure) T TEA 2| o oy,

N WWE}ET =1 feranfafg (Working of Simple Carburettor)

'ﬁ”lﬁimm (suction stroke) % ZrmA fafemzt @ fafa (vacuum) zer=1 2 3
E‘-arbur'cligl: ik f?ﬁ!TE{ (racuum) W %’Tﬂf}"afw m A (atmospheric air) m"’ lcarhuIn;.
& F=T J499 F7dl %1 Venturi throat B TATA T TFM Noat chamber AT Venwr T T T v:—:,:-
# fomd e, e M T A werAm B A § A F@ A A [ 9 T 3
ﬁm.marg?mmz:fqaaﬁﬁ 2 7R UH A F A9, Throtle valve & 5 Wﬁﬁ“‘?wm
fazm 31 v w1 3, Throttle Valve F @7 A 7= 71 W At Fva 21

FTA-FE (Nozzle-throat) F1 2@ APTATZAT 213 3 40-50 mm T Y 704 2

Carbusettor ¥ 9 (Choke) TF a9 %7 711 21

A —3Z F fedi 1 T2 e B Al (vapourize) A 7 w@ 7 AR 5
(Lean mixture) 4T 8181 2 207 £94 =1 T 21 7 |

irfi frgfa § 97 ) TEEAA A foat chamber T B AfTF TZ TR AVAFA Al f
(rich tixture) FAT (FW W 2, T AfTE oA 91 Wl 71 3 FE 57 A A 7

AF Ty {u“:ﬂln{-‘

J10.32. ai'RQ'QE'\" P TBR (Types of Carburettor) -
fgm % fam % A W ATz e A adl § faafaa e
(i) FF-UAT FOATL (Up-draught carburettor)
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0.50 R1.3 | 0001030 | 3.240 340.6 2305.4 | 2646.0 1.0912 | 65035 | 75947
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1.2 1048 | 0.001048 | 1.428 439.4 2244.1 | 2683.4 1.3609 | 6.9375 | 72984
1.3 10718 | 0.001050 [ 1.325 449.2 22378 | 2687.0 1.3869 | 6.8847 | 72715
1.4 1093 | 0.001051 [ 1.236 158.4 2231.9 | 26903 1.4109 | 6.8356 | 7.2465
1.5 113 | 0.001053 | 1.159 4671 22262 | 2693.4 1.4336 | 5.7808 | 7.2334
1.6 1133 | 0.001055 | 1.091 475.4 22209 | 2696.2 1.4550 | 5.7467 | 7.2017
1.7 1152 [ 0.001056 | 1.03) 483.2 2215.7 | 2699.0 1.4752 | 57061 | 7.813
1.8 116.9 | 0.001058 | 1.977 490.7 2210.8 | 27015 1.4944 | 5.6678 | 7.1622
1.9 118.6 | 0.001060 | 0.929 497.8 2206.1 | 2704.0 1.5127 | 5.6314 | 7.1440
2.0 12052 | 0.001061 | 0.885 504.7 2201.6 | 27063 1.5301 5.5967 | 7.1268
2.1 1218 | 0.001062 | 0.846 511.3 2197.2 | 27085 1.5468 | 5.5637 | 7.1105
2.2 1233 | 0.001064 | 0.810 517.6 2193.0 | 27106 1.5627 | 5.5321 | 7.0949
| i124.7 | 0.001065 | 0.777 523.7 2188.9 | 27126 1.5781 5.5019 | 7.0800
2.4 126.1 | 0.001066 | 0.746 529.6 2184.9 | 27145 1.5929 | 5.4728 | 7.0657
2 127.4 | 0.001068 | 0.718 5353 | 2181.0 | 27164 | 1.6071 | 5.4449 | 7.0520
2.6 1187 | 0.001069 | 0.693 540.9 2177.3 | 27182 1.6209 | s.a180 | 7.0389
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Notes *
(1)
(i) Students are advised to specially check the Numerical Data of question paper in
both versions. If there is any difference in Hindi translation of any question, the
gtudents should answer the question according to the English version.
(i) Use of Pager and Mobile Phone by the students is not allowed.
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