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E - Book ZONE TECH

CHAPTER - 1
(INTRODUCTION OF 1.C. ENGINE)

3= S Agd & -

Engine : I8 Th THT SYHT S D T ®9 & 39 useful form H o< 2
Combustion (I&) % YR W THHI & 90 § devide fFam 1 2

Internal combustion engines (I. C engines)

External combustion engine (E.C engines)

IC engine ¥ fuel ® combustion (3&7) cylinder % =X F1 € TN power S cylinder ® T
Bt @ (S¥ automobile engine)

E.C. engine working fluid 81 combustion products ¥ ST 3l TM=RU a6 © cylinder § e
ST 2

Heat Engines (¥ $517) :-
SO T TH UHR I SUHR & W fuel FT chemical energy %1 heat energy H S<eidl 8 Teaw=
34 heat energy %! mechanical power ¥ el €|

E.C. engine & e ® IC engine & &1H :-

& I

Boiler, turbine, condenser ! fquftefd ¥ URtws ®iHa A el €l
JTd &dl

3I=a power to weight ratio 2l 2l
Different components of an engine :-

valve
spring

cam a e el
,,,,,,,,,,,, - exna::st
valve
mixture in—"=;
intake__—" 3 | cylinder
valve —~ head
combustion = | i cooling
chamber water
cylinder— | I T piston
block
crankcase
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Internal Combustion Engine
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ZONE TECH

Material selection

Cylinder and Cylinder head :- Cast iron, Cast steel, Cast aluminium, Cast aluminium alloy

Piston :- Cast aluminium, Cast aluminium alloy
Piston Pin (Gudgeon pin) :- Hardened & forged steel
Note :- The gudgeon pin is hollow.

Piston rings :- Silicon cast steel

Connecting rod or Crank rod :- Forged alloy steel
Note :- For small engine aluminium alloy used

Crank shaft :- Hardened & smooth high speed stainless steel (HSS) or alloy steel

Classification of IC engine

According to type of fuel ignition :-

(@) Spark ignition engine (SI engine)

(b) Compression ignition engine (CI engine)
According to type of fuel used :-

(@) Petrol engine

(b) Diesel engine

(c) Gaseous fuel engine
According to type of cycle used :-

(@) Otto cycle engine

(b) Diesel cycle engine

(c) Dual cycle engine
According to number of revolution per cycle :-

(@) 4-stroke engine

(b) 2-stroke engine
According to type of cooling system used :-

(@) Air cooled engine

(b) Water cooled engine
According to type of fuel injection :-

(@) Carburetor injection engine (petrol engine)

(b) Air injection engine

(c) Air less or solid injection engine
According to type of cylinder position :-

(@) Horizontal cylinder engine

(b) Vertical cylinder engine

(c) Inclined engine

(d) Opposed cylinder engine

(e) V-type engine

(f) Opposed piston engine

(g) Radial engine
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®)

©)

(1)
(2)
()

@)

()

According to type of valve position :-

(@) Over head valve engine

(b) Side valve engine
According to type of applications :-

(@) Stationary engine

(b) Auto motive engine

(c) Air craft engine

(d) Locomotive engine

(e) Marine engine

Engine Nomenculature :

Top dead centre : 78 =% dead center ¥ W& =T crack shaft @ ¥e€ R el ¢ &S engine ¥
TDC ! inner dead centre (IDC) %&d 2l

Bottom dead centre (BDC) :- 7€ 9 dead center 8 W& e %= T & Ho 7o@l® el ©
&iferst engine ¥ BDC @I outer dead center & ™ ¥ 1 Sl 2l

Stroke or stroke length (L) : TDC @2 BDC & H&d &l g stroke A stroke length FEamd 2l

. /g/ ......... BDC
Piston Stt‘oke L) ¥
Connecting » N
rod o
Center of /', s
crank shaft

Displacement/ Stroke / Swept Volume :- (V)
I T=F 5N Th stroke & SRH swept fFAT M1 e e 21

— T2
VS_ZDL

D = cylinder =T &A<if{sh =49 (inner dia)
L = stroke length

A

inner dia or Bore

A
IfE cylinder %1 ¥ k& d total swept volume

V. =K><£D2L

Total

Clearance Volume (V) :- I8 cylinder %1 9% 3 g 5 ffet TDC W & 21
Clearance volume, valve %! space T damage 8 § =Tl &l
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Internal Combustion Engine ZONE TECH

_____ / / / / / / / / / / Clearance volume (V.)

TDC

I S s

BDC

(6) Compression Ratio (r) :- 98 ¥9I€q (compression) ¥ T&¢l &1 TFAT q TS & 9K & A
1 S B R

V, = Volume before compression V. + V_
V, = Volume after compression V, = V_

Vi VerVe V%
V. o Ve Ve

Clearance ratio (C) :- clearance volume @l stroke volume %1 3T{4d clearance ratio (C) gl

2

Mean Piston Speed :-
T W § IR G ST revolution (180°) qU Bl % @ TH revolution ¥ 2L cover Il T
_ 2L y Nrev
" rev  min

2LN
(mean speed) = 0

—L—> U
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CHAPTER - 2
(AIR STANDARD CYCLES)

Air Standard Cycles (9T HT-eh Tch) :-

Assumptions (WT=TdT) :-

FEFR fluid 91 ST & qe1 T eyl T Wt wifq SHewR s @l

fafere 3= C, & C, 1 WM constant Bl &1

Working fluid 1 mass fixed @il & Closed system %l &

Working fluid & fgt ff y#R *1 w@rafe fFa =& d 2

gt WA (process) T IEHAUE (reversible) HHT Sl 2l (3T reversible)

Note:- GE=ITAT cp T cv 1 HF 25°C A9 W for@ < € 78 cold air cycle analysis gl

2

Otto cycle
P4 3 TA 3
HA
HA 2
4 4
2
HR
T HR I
B > S
A%

Process (1 - 2) = Reversible adiabatic compression
Process (2 - 3) = Constant volume heat addition
Process (3 - 4) = Reversible adiabatic expansion
Process (4 - 1) = constant volume heat rejection

AAT

Compression ratio (r) = |
2

V,=V, and V, =V,

Expansion ratio (r)) :-
IE expansion & A& T expansion T8 & volume T STIAM Bl 2l
V, Vi _

—= =r
V3 VZ ‘
In process (1 - 2)

Tlvly_l = Tzvzy_1

T j—
Tl

()

)

I
/N
<)<
~

Z
&
I
—
—
SN
=
i
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In process (3 - 4)
TV, ' =T,V,”! V,=V V,=V

4 1 3 2
-1 -1
3 (4
L Vs \&
I8 _ ()1 ..
T, =(r) v (i)
from (i) and (ii)
L_ L
Tl T4
T1T3 = T2T4
T4 TS T4 TS
4 _ 8 4 1=3_1 o
T T, T, T, ... (iii)

T 9 € R process (2-3) H constant volume heat addition B Tie.
Heat addition (HA) =mc, (T, - T,)

T WMd ® f& process (4-1) § constant volume heat rejection Bl Tie.
Heat rejection (HR) =mc, (T,-T,)

net

Thermal efficiency of otto cycle is | =

HA
We know that W, =HA-HR
_HA-HR _, HR
50 "“THa  HA
Put the value of HA & HR
o100 (T,-T,)
me, (T, -T,)
-1l
(T,-T.)
N
n= 1—T—1 oo (V)
N
2
From equation (iii) & (iv)
1
=1-—— (v
n (r)y—l ( )

Equation (v) represent thermal efficiency of otto cycle
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Represent a graph between efficiency (n) and compression ratio (r) :-

N4
MM o1
y=14
y=1.33
0 >

1 2 3 4 5
Significance of Compression Ratio (WFfiST U & WE) :-
« gufied UM Engine 1 &I 1 U il 7
o  gofted oun foa eifuss e € <er St & eifue @Rl it wefed eun sifesk @9 W
T (Expansion) i g #iR S8 net work Sl faerm
e TH YRR A T IW & fau ¥EfET UM (compression ratio) AT 81 W =& (Efficiency)
arfersr B

Mean - Effective Pressure (A& YNt €1&) (Mep) :-
g TF Heue a9 B ? S I volume TN size % fU STEdfa® @ F1 net work &

9 e 2l

//' /Pm (Vl - Vz)
< _
= work

Significance of P_ :-
e UE U UAM size ® TAfFH ToHI HI ol A H STEAN foran S @)
e S SO mean effective pressure Il $1 &1 SARI net work Bl % @1 TAM heat input &

fe a1 P Al S efficiency @@ €
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Diesel Cycle

P 4 HA T 4

Process (1 - 2) = Reversible adiabatic compression
Process (2-3) =
(

- Constant pressure HA
- 4) = Reversible adiabatic expansion

Process (3

Process (4 - 1) = Constant volume HR

Air standard efficiency of diesel cycle :-

V,
compression ratio (r) = 71
2

cut off ratio (p) :- I8 heat addition # € & T¥a e heat addition & U&&l & 3T H1 STUM
g 7

N< |w<

Expansion ratio (r ) :-
IE expansion & A€ I AT A expansion & &l & STATT 1 I Bl 2l

\A

r, = v,

we know that V.=V,
SO rezﬂzﬁxﬁzﬁ
V, V, V, p

In process (1 - 2) :- In process 1 - 2 reversible adiabatic compression so

T,=T,(r)" . (1)
In process (2 - 3) :- In process 2 - 3 constant pressure heat addition takes place so

L_ Y

TZ VZ
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T,=T,xp

T, =T, x p><(1‘)y_1

... (i)

In process (3 - 4) :- In process 3 - 4 reversible adiabatic expansion takes place so

T4 :Tlxpv

... (i)

&q W ® fw process (2-3) § constant pressure heat addition BT i.e.

Heat addition (HA) =mc, (T, -T,)

T WM ® fF process (4-1) H constant pressure heat rejection B i.e.

Heat rejection (HR) =mc, (T,-T,)

net

Thermal efficiency of otto cycle is n = =

We know that W

net

=HA-HR

SO N1+

1(p" 1)

:1——
i yr't(p-1)

Equation (iv) represent the air standard thermal efficiency of diesel engine
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Internal Combustion Engine ZONE TECH
Effect of cut off ratio (r) on the efficiency of diesel cycle (Diesel cycle sl T&dT W cut off
ratio (r ) kT THIE)

v

9]

V.V, (V. V,) - fixed any given engine

n=1-

QT
QT

Q, I Hifeh constant volume %1 slope &I Bl 2|

na4

> T

c

Cut off ratio M W heat supply 71 heat rejection (Q,) Al =@t % df heat rejection
IR B © HfE heat rejection constant volume W BIdl & S@f® heat supply constant
pressure T R slope constant pressure line ! &l constant volume line &1 slope STl

B 2l

The dual combustion cycle or the semi diesel cycle :-

ardfahar § Rt g=H ¥ 7 df constant volume W heat add &1 STt & iR 7 € constant
pressure W 3R T&F dual cycle T T I THF features otto A diesel I S B T

T

A T4
HA
y (P=0) 3

HA
(V=C)

4
HR (V=C)

v
v

V— S

Dual combustion cycle & faT heat addition &1 IWHFITRE Wl H 1 S 2
Heat addition T8l @ f&d emad w 2t ® f g <@ w8t 21,
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. Range of compression ratio

* Petrol Engine & faT (6 - 10)
¢ Dual Engine % fa@ (12 - 16)
¢ Diesel Engine % T (16 - 20)
. g9 TR dual engine &l size petrol engine 4 diesel engine F size ® T B ¢ HH
engine ! size compression ratio W R Hdit 2|

. constant volume heat addition ® 3= pressure <1 ratio explosion ratio (o) A 2l
. P
In the fig. 2* =«
PZ

. af dual cycle § heat addition 98& constant pressure W T I8 H constant volume T
! S @ P-V diagram 1 area %% < BIdl ¢ d¢ ®@ %7 W &1 € S@F heat input

T 2l
. Dual cycle engine &1 Z&al diesel cycle F Z&d ¥ A€l %A el 2l
. Dual cycle engine # constant volume W heat addition &! & # constant pressure T

heat addition 2 - 3 71 9= Bl 21
Air standard thermal efficiency of dual combustion cycle is

ap’ -1

(r)[(a-1)+a(p-1)]

n=1-

where r = compression ratio
p = Cut off ratio

o = explosion ratio or pressure ratio

Note :-
* If pressure ratio («) = 1, dual cycle becomes diesel cycle

e If cut off ratio (p) =1, dual cycle becomes otto cycle

Comparison of otto & diesel cycle :-
Case -1

Same compression ratio & Heat supply

, excess rejection
: in diesel cycle

3 -4 — otto cycle
3! - 4'- Diesel cycle
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Internal Combustion Engine ZONE TECH

QT
n=1- Q. Q.Mnd

. T gefted $1{9d W diesel cycle H heat rejection ST 2idl T wHifere otto cycle &1 ga&w
diesel cycle % &/l | ST Bt 2l
(QS)otto = mCV(T3 B TZ)
(QS)dieseI = me (T31 - TZ)
mc, (T,-T)=mc (T,'-T)
e (T,-T)T = Tcp (T,)'-T)
T,>T}!
Case - 2 Same Compression ratio and heat rejection :-

T A 3
2 — excessive heat supply
3 inotto cycle
4
1 HR
>S
1-2-3-4-otto
1-2-3"-4"- diesel
_1-%
n Q.

. T gufied ST 9o heat rejection % f&TT otto cycle # heat supply ST i ¢ gHfew

otto cycle 1 J&@l =T Bt 2l
Case - 3 Same Max. Temperature and Heat Rejection

TA 3

2l

2

4
1
>S
1-2-3-4-otto
1-2'-3-4- Diesel
. T9H maximum temperature T heat rejection % T diesel cycle 1 heat supply ST

B % R0 diesel cycle ST efficient Bil 2l
. Otto cycle %! a1 # diesel cycle H compression ratio 9m=T il 2l
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CHAPTER - 3
(WoRrkING oF 1.C. ENGINE & ENGINE PERFORMANCE
PARAMETERS)

IC engine s feranfafy :-
2 stroke petrol engine @t foranfaf :-

Crowning

Outlet or Exhaust
“ port

<«— Inlet or suction

transfer bort

port

Counter
Weight

(1) 2-stroke engine H 3-part BId & 59 inlet ports, outlet ports Tl transfer ports & 2l

(2) Fresh air fuel mixture (AFM) 35 & fred & 9 &1 @& T go91 L 2

(3) fr=a & SR yaRd T4, exhaust port ¥ Tt &1 Foheq &t ¢

(4) foea &1 =9 =1 IR 1fd & WA T F ports I & WA 7 T fresh air fuel mixture (AFM) i
foF fee? & =9 & oiRmk w7 9 wwifed & 2

(5) W& fr=d (BDC) W wg=dl § @ transfer port I side ¥ Gewdl & W ik €9 ¥ grfifeq ag
transfer port @ TR ®I R YaIfed e 1

(6) T & FW oigl W curve B & & crowing #&d 2

4 transfer port @ exhaust port I T & T°I R open &d € 39 3RF AFM exhaust

port ¥ Fhel STt & TN 3T Uk & folT e W crowing, 1 S @ S exhaust port 1 3R
WM @it AFM &t T&en o1 aeerdt €1 39 Hel WA W fresh AFM SW &1 3R sgal € @i fse =%
%1 exhaust gas ! exhaust port &l 3T &eherd! T T TER TS & cleaning % STl TohH
scavenging shgcirdl 2l
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Scavenging

(1) T=figd %1 37 H T heat addition 1 IRE el 2|

(2) Heat addition % <RM, fied TDC R Tl € qeN current T ¥aT8 spark plug ¥ heat addition &
T ¥ heat addition % 1 T T T

(3) Heat addition & =15, T4 o1 fred @i 9 &1 3R oo @ qe TR0 el € 3R power foerdt
2l

/ Spark plut

Deflector

:7 Transfe

port

inlet valve ——»

crank case ——»

Exhaust blowdown

(1) 9&O = <A fred 519 60 @ 65% down stroke complete Y T 2 @ inlet port = B Sl 2l
SEf piston F1 downward motion fresh air AMF &l ¥ &9 T <ol ¢
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@
2)

©)

(@)
()

(i)

(b)

(©)

TR0l % SNH, S fa=d downward stroke %1 80% complete T T 2 @ exhaust port Eerdr 2l
=3 T@ aeft T cylinder o 7 I (STER) ®T WE FAIE B T 39 IRE downward stroke
T e R

W YHER TE YR e W 8

Calculation of power and engine performance parameters

Y & FMFAT & T Calculation :-

2 stroke engine & feTT :-

Teh =% @1 AFdT = 1 rotation = V¢

N rotation # T arg &1 3" = N x \'A

Ff% N rotation 9fd fi e &1 @1 = N x V,

) N
Volume of air/sec = @XVS

For 4 stroke engine :-
Volume of air/cycle = 2 rotation = V

. . V.
Average volume of air/rotation = 75

: : . N
N rotation per minute, volume of air = 5 \'A

I.C. Engine # Brake Power @T Indicated Power :-
P-V diagram ¥ piston & < T input W« 1 S 21 9! indicator diagram & T ¥ «ft ST
ST 21 39 YR faeed 1 faer ool %1 indicated work done weard # den wfd dshve faem aren
% indicated power et 2l

feT 1 output 39 HT F<h IHE W WK FT ¢ 91 3T HE H MR T TH brake
mechanism ¥ W< 21 ST € 39 YR 7€ %@ brake work done FEamd € q@ 7€ & ®h W
Ufd kv fHe a1l brake power el

4% r, brake drum ! =1 & @ work done 7= w&R fean smm|

BWD = Brake W &1 F x Brake mechanism <kt IELIEE]
1 rotation & U
BWD = F, x 2m,
1fie % fag, BWD = F_ x 2mr, x N

Brake power = BWD/sec. =F, X 2m, ?—0
We known as brake torque is
T=F, xr,
27aNT
60

Indicated Power (3[=rek 91fer) [1] :-

Engine cylinder & 3T=X U g At power indicated power Fed! T

2-stroke engine i piston@ 2-stroke § T cycle T B ST A B IR B TH 9% °

cycle U & S 2l

TH 9*R brake power =
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T4t YR 4-stroke engine ] piston@ 4-stroke T I H=h IR & 2-revolution § TH cycle

T F S g
. gif<s &9 ¥ 2-stroke engine ¥ U1 B acfl power 4- stroke engine ¥ a1 B drelt
power | ‘QAI'TH gt 7
Indicated power of a 2-stroke engine
P4 P4
PF------

7

i

>V >V
«—
VS VS
W_,=P V./cycle
W t= PmVS
ne rev
_ PV “ Nrev P VN
power = rev  min = 60sec 60
P _LAN
..... Power (IP) = T
IfE cylinders 1 ¥&a K&l
P = kx P LAN

(d) Mechanical efficiency (n,,) :-
Tg e 9 faem drell output @en e 1 & T input ®1 I e 2
BWD
Thus n,, = TWD
(e) Thermal efficiency (n,,) :-
work done(WD)
N = .
Heatadition (HA)
Brake thermal efficiency (n,,) is
_ brake work done(BWD)
M = T Heatadition (HA)

Indicated thermal efficiency (n, ) is

_ Indicated work done (IWD)
e = Heatadition (HA)

Heat added :-
Heat addition/Kg = Calorific value
heat addition/sec = Calorific value x mass/ sec.

()
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E - Book ZONE TECH

(g) Specific fuel consumption (SFC) :-
I Ufd S e dret $eF 1 HET 99 WK power (in kw) T STUM ET 7

mass of fuel / hr

SFC = Power (kw)

Brake specific fuel consumption is

mass of fuel / hr

s = Breake Power (in kw)

Indicated specific fuel consumption is

B Massof fuel / hr
Indicated power (inkw)

ISFC

(h) Volumetric efficiency: (n )
. IE cylinder %1 breathing capacity #I indicate st 2l
. IE actual § 90 =% H cylinder § Yoo & areft fluid 1 ST e swept volume 1

S B

_actual vol. / cycle

vol —

swept volume

_ Actual vol.entering

Mol [for 2 - stroke]
TNk
4 2
Actual vol.entering
Nyol = EDZL%K [fOI‘ 4 - stroke]
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Internal Combustion Engine ZONE TECH

CHAPTER - 4
(ComMPARISON OF 2-STROKE AND 4-STROKE ENGINE)

2-stroke AT 4-stroke USTT S99 U 3= :-

1. 2-stroke 39 H %k YR & Tk rotation ¥ Tk =eh U Bl & wdich 4-stroke 3o H 48
rotation § BIdT B

2. 4-stroke 59 § TAeIe aed Al outlet valve Bd © Safh 2-stroke 359 § 1 311 port R eI
replace % &1 S 2l

3. T% single cylinder 511 % f&T 4-stroke ¥ 1 fly wheel 2-stroke 59 &1 gorl | =gl gl 71

4. 2-stroke ¥ W T8 d1 (lubricating oil) T fuel &1 faf¥d < fuel tank ¥ e ¢ SHfh 4-
stroke $5 # lubricating oil T fuel 1 mix T8t & 2l

5. 2-stroke 9 H Afeh IEATH T power losses & VT AR IR qo Tl H 70% & Fiq &1 o
?, Sl 4-stroke =51 § 90% ffa =rar =

6. 2-stroke $5 H T & A W transfer port T exhaust port el 81 % FRU 5 AFM (Air
Fuel Mixer) T il & exhaust port ¥ sTet fihel w1 21

7. 2-storoke 51 W %S lubricating oil & S M ¥ w07 7 og Wt € @& work output 12
S 2

8. ST HRUT ¥ 2-stroke S i THYUl T&TT 4-stroke 5 W HH B Sl & FE HROI § TR STl
2-stroke S5 1 e 4-stroke 5 &1 ITAN BN o B
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CHAPTER - 5
(CompARISON oF Sl AND Cl ENGINE)

Petrol Engine @ Diesel Engine ¥ 31= :-

1. Ui §5H 1 compression ratio 9 Bl € TARIY compression & & & A fuel & self
ignition temperature ¥ FTH %A BT T AT fuel & &7 & AT T spark plug T STawdahd
eIt Sk diesel 5 H THfigd & IE HT A9HM, compression ratio AR €H % HRUT Fgd
SR B ® St fuel ® self ignition temperature ¥ A& B T N fuel @A: & v WM €
THfAT spark plug FT STE¥IRAT T8I Bl 2l

2. Petrol engines ¥ air @1 fuel engine cylinder § S ¥ T8¢l carburettor ¥ mix il HEEEIE

diesel engine ¥ air and fuel %1 %W engine cylinder & & =@ ¥ VAT diesel engine #
carburettor 1 TEvIRA & BN T

3. Diesel engine ® fuel %! separate % ¥ compression & 37< H engine cylinder H inject

FEM & U TH nozzle H1 &Il Bl T Safew petrol engine T nozzle &t IR Tl
Bt Fif 399 air and fuel &1 fagor TH Wy engine cylinder H 39 I B

4. Diesel engine § 1 f741d @ (constant pressure) T a1 St ? e petrol engine H 1
fId @ YhH (constant pressure process) T &t Sl 2l

5. M compression ratio 8 W HgI<e® I T petrol engine %1 S&dl diesel engine &1 T&w
¥ sifoe et 2

6. IR IR R diesel engine %1 compression ratio 1.5 | 3 TAT S&I Bl T petrol engine %1
qo ¥ TEfeT diesel engine ®1 Tl Ugiel §5H kI Tl ¥ AR el €

7. Diesel 51 %1 compression ratio — r=16 to 20
Petrol engine 35 %1 compression ratio — r=6 to 10

8. Cruising condition speed ™ 1 Normal speed ® petrol engine &1 air-fuel (AF) ratio 16 Bl
€ S@f% diesel engine %I AF ratio 25 ¥ 35 7% Bl
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CHAPTER - 6

(DIFFERENCE BETWEEN THEORETICAL AND ACTUAL
P-V DiAGRAM)

4-stroke petrol engine &1 HgTi<ieh AT FaEIeh P-V diagram & HEX 3 :-
Theoritical P-V diagram :-

- —>
<3S
W

9 1= assumption I HF ST 2

. Suction A2 Exhaust SF aRAvSA™ I T B 2

. Suction, compression, expansion @ exhaust FRT: %=k & 180° FAE W B 2l

. Compression @ expansion 2 adiabatic % ¥ =i 2l

o Compression@ 3 H <& &tk constant volume W &

. Expansion & 3< H cylinder H§ = Thed agHvsd™ @ W R S 2
ST assumption % TTER 4-stroke petrol engine % Ygifs P-V diagram @& AT 2l
e :- Theoritical P-V diagram &I 38+ ¥ T< g1 7 & oM@ & 7% & @< ¢ W 98
indicate X W ¢ T dTca 1 Gorl don 9= &A1 &fores a1 eifaeflsr e 31 aed g O I B
H FE T TE I iR 3 T ORI dR W SR

Actual P-V diagram :-

v

vV —>

Actual ¥ o1eel fearfq fr=1 g fa= <t 21
. Engine cylinder § suction T ¥ B 5@ cylinder § @ IRAvSAd <@ ¥ FH BT
. wiett g€ T engine cylinder ¥ st aT&X SEATt S cylinder 1 I@ IHVEE I9 § ST @I
. Compression @ expansion 3Hi adiabatic T & =& BT ek 37 ThH & SHE ISR Bl
2l
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CombustionaﬁWﬂ@ﬁﬁquﬁm@T@Wﬁﬁﬁﬁwm%?ﬂﬁ'{
combustion % THF @ ot constant TE Tl

Expansion stroke & &< # exhaust valve & Teid &1 ThaH 3@ H HHAT 78] BIAT I8 ek & AT
* W e B

Valve #1 G d 9= TH | %9 UHI 699 ol 2l

e -

39 YRR 30 9l fogefi % snor adfas PV diagram, theoritical PV diagram § 16 sl
T 9o TOH oM@ & HH TR 7 g Ml ¥ e 2

Suction @ exhaust process %1 HfHfed &% (0-a'-1-1'-b'-0) engine F pumping loss
FEAM T SR THHR HOMHR (negative) A 2l

Pumping loss &l BIget 3T &% I net work done H | ST STl @ q STHT TR A
2l

Net indicated work done a1 net actual area @1 theoritical indicated work done 3T theoritical
area %1 9d diagram factor (DF) sgairdl 2l

netindicated work done

dlagram factor = Theoritical indicated work done

Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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CHAPTER - 7
(DIFFERENCE BETWEEN THEORETICAL AND ACTUAL
VaALvE TiIMING DIAGRAM)

Valve Timing Diagram :-

. I.C. engine ® B amel fafi=1 Wh#i &1 %A inlet 3 exhaust valve & Ga d = 81 a1 fuel
ingnition 1 TE THA FT WHIF FEI0 valve timing diagram Feelrdl 2

. Wﬁﬂm@inlet‘OIexhaustvalveaﬁ'@?ﬁaﬁﬁﬁaﬁww@qﬁwgl

4-stroke petrol engine & YgTf-deh YT dRAfaeh valve timing diagram & W& 3T :-
4-stroke petrol engine <kl Igif<s valve timing diagram

E TDC

C

D

B

D| BDC theoretical valve
timing diagram

TDC = Top Dead Center
BDC Bottem Dead Center

Are:- Yaif<aw valve timing diagram ¥ inlet a1 outlet valve 431 T.D.C. 1 B.D.C. W & gewd
I 9= B 71 SEfF actual valve timing diagram ¥ TH1 & B 2l
Actual valve timing diagram %1 37wkl =i 9t

. el AR W dedl wl T WE Yo A1 9% ¥ W GO M © IHAT actual valve timing
diagram valve @I piston'eﬁ T.D.C.am B.D.C. I qv@ﬁ T Y8 1 91€ H ‘Cg[?lﬁ T a8 FA T
39 -
I=9 Tfd W suction stroke ® inlet valve &1 3f=d AT ® Tell M1 TE¥IS Bl 21 A o il
3k IHT F9F open a1 ST S piston %<k T AR I start F @ TEF H inlet valve T
WE el Gl U Ed suction ® wHI @ €1 THAT inlet valve ®1 suction stroke % WRET
B9 ¥ veel & @iet &1 S € d1fh suction stroke YRET 89 @ inlet valve T TE open &l S|
T ¥R exhaust valve #t exhaust stroke % 84 ¥ 98¢l open & ? ek et g2 i
T 39 BH F FRO F Wa: & exhaust stroke & YT EH T § ST A S )
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C, - G, - Only sparking
C' - C" - Only ignition

C, - C' - sparking and
ignition (both)

Actual valve timing diagram

e -

(1)  Actual valve timing diagram ¥ T & f&F cycle % %8 99 a% %k &I T.D.C. % T@IE A
Ied Tk T2 Open & 81 T8 YR IHT diedl & T 1Y Tol T & 09 Bk o hiofa facem
(angular displacement) =i e fqea (valve overlap) F&d 2l

2)  Cylinder § sy ¥ 21y exhaust gas 1 @16l fFhe & faT qen fresh AFM &1 cylinder ®
Y HEH H AT FH ¥ HH 12°-15° H1 ded AT (valve overlap) BF1 SE¥ISH BT B

3) SWeE gl Fwi w1 gH TH GO UgE I H fAw ¥ s RN k1 GF YR S & forg
S-S B B

. ST valve timing diagram # suction & T s=% WM gAE 7° + 180° + 15° = 202°-230° 2l

. ST valve timing diagram # exhaust & foTT sk =1 SI0T 20° + 180° + 6° = 206°-235°
2l
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CHAPTER - 8
(TesTING OF 1.C ENGINE)

1. M orse Test - Morse test ¥, Sl %ael multi cylinder engine & &t applicable T ¥, engine
& T8 required speed W run HI g R ouput I measure I 21 e cylinder =T,
spark plug &1 short circuit 3 injector F disconnect & (case & TIEN), cut fFaT ST 2l
$9% @] speed FI original value ! & constant T g output F measure faT ST 2l
T output H difference cut out cylinder #! indicated power %I measure T T e
&% cylinder 1 indicated power W &1 St & @R Heft &1 0@ | SigHL engine &1 total
indicated power W< &1 STl &1
T& 4 cylinder petrol engine ! consider % 2 IR = cylinder %t
Indicated power/cylinder =1
Break power/cylinder = B
Friction power/cylinder = F
¥ faa < 2
S 4 cylinder work ®% -

4] = 4B +4F .. (i)
€ H engine & TH-T& cylinder cut off F&h test fran 2 (diesel engine & T fuel
supply ®I cut ®%h Einy petrol engine % T spark plug %I short circuit FeT)
@ working cylinder & fT break power I &% ot St €1 &l YHR Wl cylinder
! (T cylinder T& time) cut off fFan 2 3R @ working cylinder & ot different
different reading 9= =l Sl 21z ue reading 3B,, 3B,, 3B, 3R 384% T8 31 reading w1

average
3B, +3B, +3B, + 3B,
3B = 1
¥ fen s 2
We have 3 cylinder, 3l = 3B + 4F .. (ii)

By equation (i) - equation (ii) I = 4B - 3B
4-cylinder engine %1 indicated power 41 = 4 (4B - 3B) @rfi|
Given data & 3R W W f&& T test § average value I i St 2l

2. Motoring Test :- 39 test H engine %l T8l 9 power ¥ desired speed T run AT Sl
2 ik fire 39 speed 3R load condition ™ 7S 999 & faQ SR S 2 d@IfF oil, water 31X
engine component & temperature stable condition ¥ g9 | 39 THI & GG} engine %1
IE power swinging field type electric dynamometer g absorb i STl T S % T test®
feTe w8 T suitable T €1 Fuel supply %I suitable electric switching devices =1 T
¥ cut off fFa ST 71 Motor #t power supply % measure f&aT ST g f engine !
friction power FI measure Bt S motoring test & 3R water F1 supply I cut & fean
W € i actual operating temperature %I maintain fa1 ST ¥
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CHAPTER - 9
(ComBusTION IN SI ENGINE)

Stoichiometric Air Fuel Ratio :-

S T YR ¥ combustion & T Rl ff stamen ® fum 1 99 3R exhatu gases ¥ Tt o
form o NO, O, Sufeera 1 31 1 9 ¥R 1 combustion perfect combustion FHEe L
perfect combustion & air fuel ratio &I stoichiometric air fuel ratio &&d 2l

Equivalance Ratio (¢) :- Actual condition ¥ FAR @ stoichiometric condition ¥ FAR &
3T 1 equivalance ratio F&d K

3 Actual FAR
~ Stoichiometric FAR

Si9 equivalance ratio 1.1 T1.2, % A Bl 2 @ maximum power 3ca— BId ® a1 flame front
1 T @ 40 cm/sec Bl €

P - ¢ Diagram :-
Theoritical diagram :- (Pressure V/S shaft rotatation)

(HA) II stage

A of combustion

C

(P,>P,and
P,>P,)

Actual P - ¢ Diagram :-

A

P

Motoring
curve

>

160° 172° 180° 192°  220° 360° 9 —p
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Internal Combustion Engine ZONE TECH
It stage of combustion (a to b) :-
Ata:- & compression %1 160° rotation THIS & Sl € sparking & Bt T R $m =
Tt sfafEn o T @ S 2
ato b :- %39 Sparking Bt T
At b :- Ignition TRFT BIa1 & IR Wem Towen TAG & S g
T TR & IRH & @A R B © #IR $eM % &0 % TR H propagation BT T

I stage of combustion (bto T & T to c) :-

At b :- sparking Sy ignition T B Tad b® T H bW T WA rise in pressure T
drar e 2

At T :- Piston TDC R U&= € (compression HHI ) R sparking el ignition I T &
AR €4 & Akt b¥ T % Hea 1 gorl ¥ rise in pressure %9 g g1 & i expansion
H ot A pressure 0 At c:- Shaft TDC ¥ 12° ¥ 13° 51 Sl #1 sparking THI & St @
R combustion ®T TE Taen Yot & St © 39 g & 9K ®ad ignition BT

111 stage of combustion (c to d) :- combustion =T I stage fa ¢ ¥ IR TNt & 39 FarEen
% 3NF combustion & fore sga %9 <99 F HU a9 @ I T 39 I IRH pressure sH
g S 81 TDC ¥ 40° W fag D W combustion &1 & 31w qoi & <t 2|

Motoring curve :- 78 3 TEM IoH % FN TG TN g% T THH HAA compression 3R
expansion Bl ©1 78 fFEl ot YHR 1 combustion & BT 1 TE Hel < Fohal ¢ T =@l &
Tl curve ® T rise in pressure 1 = UAT ST & THY TR BT ® R T8 combustion &
FN significant pressure rise Bl § e 9 H1 efficiency 3=t &1 5@ piston TDC W il
& @ motoring curve FT fHA pressure T Tl

Flame
front

Propagation
of flame front

Flame front :- sparking ! a8 ¥ spark plug & 3THIE S84 & FU ignite 8 S T I
ignited FIf &I foaM ol @1 flame front FEaT

Propagation of flame front :- 92 flame front 7+ & T¥=d, ST 39 flame front & STEIE &
39 H KU H Yaied sl 2 3R 3199 flame front 97T & T 99T 999 flame front & U9 &
%0 T Te ¥ Wl 9 € @I 78 flame front AT 81 W 8 THE I8 Wdlq il © {6 9o flame
front ¥ 7§ feorfd o #X <t B flame front % 38 YHR % movement propagation of flame
front ed 2l

End charge :- Flame front propogation & & f&R W air fuel % mixture %! end charge F&d
21
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Normal and Abnormal combustion :- spark plug # end charge % flame front =1 Ffsra
Ul combustion I 8H T Bl ? @ 39 WhR * combustion I normal combustion F&d
2l

. 0—>
Normal Combustion
PA
Detonation
0

Abnormal Combustion

End charge & f&TT flame front propagation & IR frfafad afwar gt 2

(@) Flame front % T & 91 % % expand 84 § 3 end charge %I 3amd 2 98 end charge
1 qOHH ¢ Sl 2

(i) =9 AUHA gfE F FRO end charge W ¥F & wuil H T@EMAF foma yRes &1 S © o dvm
1 qOHH ¢ Sl 2

(iii) Flame front ¥ 379 aeft ™ end charge W TRt g foma aomm iR eifees EEASIN) 2l
70 THEE R ¥ 9% end charge &7 d99H, 69 % self ignition d9HM T Tg9 ST © df end
charge T 3T ¥ flame front 39 St 2 9% 29 flame front % T ¥ Ted origional flame
fornt end charge T Tg9 S € o T8 THR F1 combustion smooth a1 normal combustion
FEA B
Origional flame front % end charge ™ TeH ¥ 98, end charge <1 flame front s SIdl g
fafe= 9N % flame front fI7dd oM & move #W T 39 a9 ¥ faHd flame front THId &
R TR F HRU FET Sl eI Bl € T & knocking a1 detonation FEd

Disadvantage

@) Sitting of the mechanical vibration

(ii)  Cracking of cylinder or piston

(iii) Develpment of alarge mechanical sound. which is metallic this sound is known as pinging
sound, thus the other name of knocking or detonation is pinging.
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Internal Combustion Engine ZONE TECH
Temperature time graph during chemical action of fuel particles :-

A
ignition templf-- = ="~ S A, (end of chemical action)
T (Temp T)
temp (Temp ) Aaiiﬁ;gitiigc with ‘{Iv;lgé = Unburnt hydro carbon
A,
Time —:

First Fuel

4 (end of chemical action)

ignition templ - -« - =« <« c = x - 22 IBz ?3 (1gmt10n of fuel)

T

temp

>
»

1
>

A

Time —»
Chemical leg or
long chemical leg

Second Fuel

G
! i (end of chemical action)
ignition temp -
temp

»
»

[
»

T\Time —
Chemical leg

Third Fuel or short chemical leg

Figure 1 9 chemical action % end W fuel particles % temperature ignition temperature ¥
FH B § AT fuel particle %t ¥t ignite T2 B 2

Figure 2 H particle B % faT chemical action @& &1 it % 9 TR temperature ignition
temperature & &L B S 21 Chemical action & % fuel &3 & time | ignite B STl LS
case § end charge 1 chemical action ¥ &Y fuel & ignite B84 T HIE I temperature H
rise & A 7
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Fuel particle C % f&IT figure 3 ¥ @I ST Wehel & 7 chemical action ® end 89 W temperature
igniton temperature ¥ SR Bl T 79 case ¥ figure ¥ I8 @1 S Fehell 2 chemical leg C <A1
particle B% chemical leg & &% =l 2|

Conclusion :- Ignition point ¥ fSdT SRT temperature R 3a91 & ¥ chemical leg Bl
'"gq M9 & TF Petrol engine i knocking & FH FH & fAU chemical leg =
chemical delay longer 1 =f&T| 0¥ clear B  f& combustion &1 starting ¥ temperature,
ignition temperature % ¥gd close BT =feT"
Factor affecting detonation in petrol engine
1. Compression ratio :-

Higher compression ratio will result in higher temperature of charge. Knocking will increase.
Due to this reason compression ratio for SI engine is limited to between 6 to 10.

The effect will be the same when inlet valve temperature is higher or supercharger is used.
2. Work output :-

For higher work output (higher load or higher power), more fuel will be supply temperature
of the charge will increase knocking will be higher. Hence SI engines must be run at part
load condition only.

3. Advancing the spark :-

Advancing the spark will result in more duration for sparking. Additional energy will be
supplied to the charge. Tendency to knock will increase. Hence sparking should be retarded
and not advance.

4. Location of the spark plug :-

If we install spark plug in middle then same heat for inlet valve & outlet valve but we want
to same temperature at inlet valve so spark plug near to center & farther to inlet valve.

The spark plug must be located nearest to the center of the cylinder head and away from
inlet valve.

5. Distance of flame travel :-

To avoid knocking, the distance travelled by the flame front must be less such that the time
taken for it must be less than the chemical leg of end charge. For this reason the cylinder
diameter of SI engine is limited to a maximum of 15 cm.

6. Speed of the engine :-
When engine is increase turbulence will be more the flame front will more in all direction
at A higher speed hence tendency of knocking will decrease.
7. Octane Number :-
Fuel #1 quality %1 STFH & foT fuel #1 testing #1 Sl & R 39 result FI standard fuel ¥
compare a1 ST €
Petrol & faT standard fuel isoctane (zero knock) R normal heptane %1 fagoT g 2l
Standard fuel § fS high percent octane Bf & St & antiknock quality fuel =1 @il T 3R
fuel ®1 quality =8t BIdt 2l
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It standard fuel § 70% octane & il & petrol ¥ match &l 2 i U Ao petrol &1 octane
number 70 2
India ® petrol ®I octane number 70-80 Bral B T quality ® fuel S speed, extra premium
etc. F1 octane number 94 % T T
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CHAPTER - 10
(ComBusTiON IN Cl ENGINE)

Combustion phenomenon of C.I Engine :-

Compression ignition (C.I) $=MI ¥ <& fsa %l 91 stage ® qof g1 A 2l

P4

D AB = Ignition delay
BC = Uncontrolled

C Combustion
CD = Controlled
B Combustion

DE = After Burning

TDC Crank anglz

1st stage combustion / Ignition delay :-

THH W9 air particle, fuel spray %1 cross %W & @ heat air partical ¥ fuel partical ¥ transfer gt
& 9 fuel partical 1 temperature <&l & f98 chamical action start & STl 2

Air fuel partical fSi4 ¥4 physical content § & T 3R physical delay & 2l

Chemical action ¥ a1 ¥H9 @l © SHH! chemical delay F&d 2l

Ignition delay = Physical delay + Chemical delay

1st stage combustion & <R combustion chamber 1 temperature Igd SR &l il 8 3TfeTT
99 fuel 1 ignition TH H SART THA o1 € THIT 3@ stage Tl ignition delay period ff wed
2l

Ignition delay period ® chemical delay ST W&l BIdt 2l

2nd stage combustion / uncontrolled Ignition :-

T stage ¥ combustion chamber T temp Sgd AT &1 Sl & qe chemical delay sTgd FH & SRt
2l

i ignition delay % SN combustion chamber ¥ fuel 1 T3 SR ST & ST © TH ThH
T e | SR 9 A St Ue Bt € o S I 1 o U et € @R A diesel knock A1
detonation T RVl S &I

Diesel knock I detonation BF &I a6 ¥ ¥ T9 stage I uncontrol ignition F&d 2l
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— 3EfAT diesel knock H FH & & T fuel F1 ignition delay 7 € ¥ B =0Tl

(iii) 3rd stage combustion / controlled combustion:-

—» Combustion & 2nd stage & <1 ¥ @9 T I TAM Afew & S € fF 3rd stage ® inject fuel T
I= H AN B & WA: T e Sl €1 3R 84 ¥ inject fuel F AET &I frafEd e <@ § gfs
1 Frafaa &= s gl § sUfAT 59 stage #1 controlled combustion period F&d &l

(iv) 4th stage combustion / after burning :-

— I8l combustion FB WHT ¥ T+ §E air % AT F1 ¢ TWAT TF stage after burning St FEed T

Factors affecting knocking in CI engine
1. Compression ratio :-

Higher compression ratio will result in the higher temperature of the charge tendency to
knock will decrease. Hence the compression ratio for CI engine is as high as between 16 to
20.

The effect will be the same when the inlet valve temperature is higher or supercharger is
used.

2. Speed :-

For higher speeds more fuel will enter the engine cylinder during the first stage of
combustion. Hence the fuel supply during second stage will be less. Tendency to knock
will increase. Hence diesel engines must be run at normal speeds.

3. Atomisation :-
For better atomisation the fuel sprayed will sprayed for more space. The physical leg will

be more air will carry more fuel with it knocking during 2™ stage will be lesser. For this
purpose in the range of 16 to 20 comp. ratio should be near to 16.

4. Power output :-

For higher power output more fuel must be supply. Hence temperature of charge will be
higher. The knocking tendency will decrease.

5. Quality of fuel :-
Higher the cetane number, better the quality of fuel, knocking will be less.

Cetane Number :-

— fS ¥R petrol engine ¥ petrol &1 ignition quality I octane number ¥ W&ffd &t St & 3¢t
R diesel fuel 1 ignition quality %I cetane number ¥ F&f¥id H 2l

> I8 normal cetane T 2-ferEe el 1 fasor € €1 S normal cetane FT cetane number

100 T 2-fHemsd 9erele 1 I

cetane number &1 @M W knock tendency ®t 2l

— diesel fuel &1 cetane no in India - 40 - 50

2
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CHAPTER - 11
(AIR PoLLuTiON FIRING ORDER, SUPERCHARGING,
DieseL FUEL INJECTION)

Firing order
9% ®° foeH f= cylinder ¥ good balancing W= &% & U firing f=n S 2, firing
order HEAI 2|
Good balancing % fau fr=fafed &t sTaeaeswd s -
1. TUF 1 A1 & SR mechanical vibration
2. Cooling system & g %! WM dcl 98d @ effective cooling
3. @5+t back effect T8 (Back flow a1 Back pressure)
4-cylinder engine % T Ideal firing order 1-3-4-2and1-2-4-3
6-cylinder engine & fT Ideal firing order 1-5-3-6-2-4
or
1-2-4-6-5-3
or

1-2-3-6-5-4
Superchargers
g TF rotary compressor Bl ¢ o1 use engine & ST air % AW BH H TEA IHRI
compress & & o foran S g1 gt supercharger rotary compressor T R
Note :-
If rotary compressor is operated by engine shaft then it is called supercharger but if rotary
compressor is operated by turbine then it is called turbocharger
Superchargers % Advantages:-
1. Engine #1 overall efficiency st 2|
2. Specific fuel consumption &1 s=d Bt 2|
3. Supercharged engine %I volumetric efficiency higher &t 2
Superchargers % disadvantages:-
1. Higher pressure ®! air ® turbocharge engine % 3f&X Yo {1 & N engine &

various parts W thermal load 1T &l 2|

2. Super charging & %R0 A9HHA ¥ 9fg FI F9 FH & € ST loss B 2
3. Supercharged engine & T valve overlap a=T Bl 2l
Clorific value :- S99 & SHE A1 ALET AT & U1 64 % I¥a o ge 990 el i A
T 3H TR1e HT S A R 2

Lower calorific valve :- ¥4: 78 @1 71 & fF qaief 1 302l i o S S 1 IH: U Tel
el ST Tehelll 39 YR W helld A T9g01 shelld I o 69 FH el € A1 T8 72 helll 7 Heard
T SHE T % q0 Y W @A B & 9% S Sl B 4 Halld A wed €1 e gRl Sedisd
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et W W AIEH q% 3UST G % Sy arvdiehd 8 e = 2

Higher calorific valve :- 31§ 399 & 01 ®9 § g4 81 ¥ Icqfed wged 1 15°C A1 60°F T
SUEl HT H UYEN S HO Sl U Helldl WE wed @l

Lower calorific value = Total calorific value - 359 %! Sl # Hoftd & H I ST

Pollution

IC engine &% 3i¥X pollution ®1 a5 ¥ fAfAfed substance produce g #:-

1. Carbon mono-oxide (CO):- CO % formation ! o5e ¥ =@ 310 ? iR 98 =ias iferq
REGET TS

2. Hydro carbon:- Exhaust gases % 3@ unburnt hydro carbon If% sl & &y 4
& &, @ photochemical smog I g S lungs ! FHIfed % @R skin cancer
&1 FHRU T T

3. NO,:- NO,, hydro carbon % & similar effect create 2 9 TE UM F AT WA a1
Wit &t sft gfad wW ?1 Engine cylinder % 3T high temperature W 3ifi HH1 |
oxygen 1 supply @ fluid % incomplete combustion ! a5 ¥ NO, =l 2l

Pollution &I W& & method:-

1. Slightly less compression ratio &l use % =fET

2. Slightly lean mixture %I use %1 =1eU|

3. Thermal converter &I use Fh:-
Thermal converters %I exhaust gases & path # @ fan %1 T thermal converter
CO 3R HC®l CO, 3R H,0 ¥ &8 =4 2|

4. Catalytic converter FT use Fih:-
Catalytic converter & €T T stainless steel T box Bl % % box alumina (ALO,) =l
TwHhoneycomb F! shape & R T&@ 2l
Catalytic agent T use 9gd & quick reaction & foIT fFa1 a1 ® S¥ platinum #1 use
hydro carbon & faT, palladium &1 use CO % @ @M rhodium T use NO, % fau
fean S 21

Note:-

. NOXTﬁ detect #& & T S instrument use fFa s & 39 non-dispersive analyser
Fed B

T8 device fS¥®T use CO Fl exhaust gases # detect & & fau & 2 3§ orsat
apparatus FEd 2

Orsat Gas Analysis:-
Orsat gas analysis CO,, CO R O,% dry fuel gas ¥ volume a1 mole fraction I
measure F T
Orsat analysis H @ pipettes B[ 2 f599 chemical solution 2l
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: Pyrogallol solution
+ CuCly mixture

S 8
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KOH, CO, %! absorb &l 2l Pyrogallol solution, O, %! absorb = g g CuCl, CO

F absorb &I 2
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