






































































































Four stroke.EE
Id

Strokelength

me I
t.ws hi

In a conventional 5.1 Engine Fuel air mixture

Intake system

3 12
Peakpressure

an

Comp

Pam Tonictangle
I














































































































Permanganate If

EngineryMechanical Efficiency

2nd
Brake power Power

available shaft

Indicated power Energy supplied

Brake power Torque x Angular
velocity

T X W
W ang

BP 211 kid

T Torque
M m

7 Rope broke

any
thing radiusdrum

dynamotor I
2

Ye beef by by

27 Inductive dynamotor 4 1

Indicated Power Patsy xi

Pm Mean effective pressure Mma

L Stroke length m

A 4s area of the piston
ni

n Rotational speed of
the engine

n for 4strokeengine

t 8Wh

y














































































































On IP Mf Cv
if Mass flow rate of fuel

Cr Calorific value of
fuel

27Specific power output
It is defined as the ratio of brake power per

unit of piston displacement

Specific output IIe
IItt

Ethic Hey
2

thas of the charge actually
sucked in by

the engine Swept volume

Massof the charge
corresponding to the

cylinder intake
Pat conditions

47Thermal Efficiency
Brakepower

É Brae Power Power available
shaft

Heat supplied da

kn It
if tha of fuel supplied in Kgb

Cve Calorific
value of the fuel














































































































Imeeffe
consumption

4 0.6

onto

the manometer

water

hw Head of water

Ha.la hw.tw Ha m of Air

Velocity of the air Ñ Ia
Volume of air flowing through

the orifice

Ha Ao.F.cat a m Oa

Connected b n the fuel tank
and the engine

Using stopwatch Acffffed
Eye

f Fuel consumption
Xa Specificgravity

oroxt

specificfuel consumption Bse
Felton

SEC ooh
Kw














































































































Heat Balance Sheet

A heat balance sheet is an account of heatsupplied

and heat utilized by the I C Engine Heat blanain

done on ho_wbasis RdS_econdbasis.comminute

i Heat supplied to the engine

niteCv

ring keys

Cv Calorific value
in KMeg Low vcdfeoif.CI

iiy Heat equivalent
converted to BP

B P 29M kidDkJfmn.Go
iiY Heat taken away by

the exhaust gases

Qg Mg Cpg Tg it
Ta KH Con 147am

Mg MatMfg ma mass of air

Mf mess of fuel

Cpg Specific
heat of the exhaust

Zenit Exhaust gas
temperature in od

Ta Ambientatmospheric
temperature in od














































































































in Heat carried away by cooling water

Qu Mox Cpo Text Toilet KICODKan

Mo thas of cooling water

Go Specific
heat of water

Text Exit water temperature

Twins Inlet water
temperature

Heat Balance Sheet in
minute basin

Heat inputmin Kohn 1
Heat utilization Kay y

Heatsuppliedby Os 10 Heat into BP If 45
burningoffuel too Heatcarriedaway 08

by extantgas
22322

Heat cored by 9g
20

coolingwater

Unaccounted ted Qun 13

Os BPtQg dw 15

Total 111 loot Total 100 lay

IPs Indicated Power
BP Brake Power

FP Frictional Power














































































































keenest ENTE motoring test
Dhillon's Line method

by retardation test
27 Morse Test

37 I P B P measurement

i Elastic method
Fuel consumption of the engine KCB Sls

by Brake power of the engine
is measured using the

dynamotor in Kid coslol

É
0.02

K fpod Blaketower Liang tiete
En andponder

Steeper

g

flat














































































































27th It Mcgruderengine
Let us consider a three cylinder engine

ip tip tip Éip

ÉÉip Bet ft Bt E ie Ft

If the first cylinder
is cutoff then it will notproduce

any power
Frictional losses will remain

same

ÉÉPeB Ft Be ÉÉipa ft

i Indicatedpower'ip of the first engine
would be

ip If p ÉÉip Bet ft B ft

fi cylinder's is
at H

Éttittitind.IE desendcat
olt there is no

cylinder

É B Ft

if
Fictional power is given by

Ft Cipatips Be














































































































stages Iconsbtionis I Engine

Est

charge Eton

17 Both inlet and Exhaust
valves are closed and piston moves

from Brc 6 TDC compression takesplace

27 If the piston moves from TDC to BDC expansion takesplace

57 If there is no combustion the prs o diagram
is called as

Motoring curve

Ppeak Peakpressure

I

2

F Amixture

if Theoritical Puso diagram
where the spark occur at TDC

so the pressure me due to combustion of fuel and the

expansion of the
combustion takes place














































































































Afl stagesoffmbutionin EEngine

it

c

I Expansion

e

06A compressionprocess fuel Air mixture enters the engine

A is the sparkpoint ignitionpoint

Stage I At B Ignition delay Yearofsecond

y fishe duration between the sparkA and
the start

of the combustion
B

Stage I Btc Flame propagation
fish duration between the point I and point E the

heat is generatedduring
thisphase

Y Point A is approximately
38to 35 beforeTDCJ

y Point c is
about 5 t it after TDC

Stage
Cte D After burning

optically combustion should stop at point I but in

actual combustion process it
will continue even after point

It may be due
to rich mixture of Air fuel

syApproximately around wt of heat is liberated














































































































ely
To achieve max advantage of high pressure

due to the

combustion the peak pressure should
be afthC

PIES is increased argue hat
be

robust in design

s.IE

i a

BPC
BPC

Autoignition

sfeif.itIn
Noise

i
it

ii.itiiI a si
Piston

I














































































































Detonation To explodeDetonate

normal combustionfist
e forces snores

Detonation is the spontaneous
combustion of the end gas

remaining air find
mixture in the cylinder chamber

It occurs after the normal
combustion which is initiated

by the sparkplug
If the combustion process

moves too fast and the pressure

peak occurs too early
This result in excessive pressure temperature unstable

pressure pulses
lead to explosion

batons knocking

Detonation is the
cause and knocking is the after

effect
















































































































Ibutionprocenmacompression IgnitionEnge

hatht
METZ YE Theoretical

combustion

ne Is Boc Ine It 3

SE ofmbmIn Engine

G

O

O

YOto At Compression of Air

I














































































































Stage I A to B Ignition delay Preflamecombustion
Eaddy

Fud is injected at a in the form of fine spray
the fuel start absorbing heat from

the surrounding

temperature of air and vaporization of fuel
start

If ÉÉÉtion between the air and the fuelbegin

It ends when the ar fuel mixture ignites and flame

appears at point R

Stage I Uncontrolled combustion

34 Time and place of ignition is not fixed

ay Fuel is continuously sprayed for approximately
30640

of the crank angle
5 Fuel is still mixing with

air while the combustion process

has already started
at pointF Flame propagation is

uncontrolled

aÉTIiIÉ cement ptiperly burnt

77 As the pressure
and temperature inside the cylinder

become veryhigh

sykenatever the fad injected
will readily get ignited due

to swirl withoutanydelay period
due to hightemperature

and pressure
ay About to

to sot of the total heat evolvedduringthis

stage of combustion














































































































SIE 0 f After burning

if The small quantity offuel particle may
burn afterpoint

is
if The reasons for after burning
af Heterogeneous mixture

by Poor distribution of fuelparticles
Heavier molecules of fuel

1kg IE Died ks

H If the delay period
in c I engine is long large amount

of fuel will be injected
and getsaccumulated

27The auto ignition of this large
amount of fuel will

lead to high pressure
and temperature



























































































d o.im L 0.15m K 4 N 1600rpm n 800rpm
m 0.055m ks 35 bor mm

Indicated Power Pm AYE
ip Pm xk Pm 5

isf
3.5 5 0.15240.5800 4 PM 3 5 105Nmt

60 Pm 3.5bar
ip 22kind

Sol m 8 103 ip 25 Kw 8 0.75 Cv 4400Kkg 2

Mass of fuel consumed
in 181s

Iff
8 18 0.75
1000 3600

1 67 153181

Indicated thermalefficiency 2

2
IE IIE

E
34




































































































Sd Date d 0.08m L 0.11ms T 23.5 N m

iTo find Pmbp it B P 4kW N 1500pm Pmbp T

Casef BrakePower BP 2 xk let

I.pe fIfK BP 3 69kind
a ñd

Brake mean pressing Pmsp Bfy e
A 4 5
A 5.02 8

Pmbp 5 35 bar

a Torque T I.IE Ef

T 25.47 N m

Pmp 1 190
8

EE
EEEPnusp5.79 bar
































































































1 Date loco tf 20.4 Yao.int ta 16 Is W FN N Jor

Ja 1.175 141ms 5 0.7 Cv 45MTG A 500

Tofind i May if bsfa iii It

it was of air ma Waqt 0ly7f 7 2 7 181s

thas offuel tiffs 826 0.343 5 181s

Alf ME 7.3355 21.17

if BrakeSpecificfuel consumption
bsfa FI

B P ay
710

g p 4.2kmbsfe 0.294 Koh

if Brake thermal efficiency
2 EE offer

É xa xd

24 28.48 r




























































































Sd Date 1 8 n d 0.09ms L 0.08m re 7 N 450pm

Farm 0.54m t 10min lol 42 9.81 412.02N Mf 4.4kg

Cr 44000 KJ ig Ta 27 273 3006 Pa I bar Ma
6181min

To find is bp ifPmsp iii bsfc if
bsac 2m 2,4

is Brake Power bp 2520 dream
42 9.81 0.54

2 4 9 7 222 49 N m

bp 104.8 Kid 18Engines

if Brake mean effective pressures
Pmsp

Pmsp

n I
Pmbp 6.86 bar

if Brake Specificfuel consumption

beta it f
4 0.44skin

g
n'f 0.44 60 26.4 Khn

0.252 Kgkwh

ivyBrake Specific Air consumption
bsac

3.43181kWh














































































































v7Volumetricefficiency 2
2 Ya 564

From the characteristic gasequation
PV MRT

Va math
6391731 5 it milmin

Ystroke LAN K 0.08 1610.0954521 8 9.16mhm

v7 Brake thermal efficiency

w

Rs 32.4Y

vie Airfuel ratio

Effigy
Alf I 13.63






























































































Sd bpf 20.9kind b 14.9kW b 14.3kW bz 14.81cal b4 14

d 0.675m 0.09m N 3000rpm 1 4

To find it ipt it Rmech Pmbp
Indicated power ipt ip tip tips ipy

Hpe b bpt b bpf bs bpt by

20.9 14.9 209 14.3 20.9 14.8 20.9 14.5

4bp 61 628164 ipt k.ba b bat

ipt 25 1kcal

Mechanical efficiency 2mn

Ranch 85 2

i p Brake mean effective pressure
Pm 6 I

Pmbp 5.25 bar


























































































SI t 30min Mf 4000cc Cr 43task 5 0.81 Ai 8sent Lisson

ks 5.5barfcm I 150 9.81MS rdrum 1.512 075ms N 200rpm

d 0.3m L 0.45ms minetoKelman 4Tw 3600 Spy 20 981N

if Indicated Power

ip Pmipgh.gg
Pm
p I xks 837 5.5 5.5bar

ip 5 5 105 045 450.3 200 1 n NG

60 13

ip 29.16 kid

if Brake Power bp 2ft
T H s xrdrum

7 150 20 9.81 0.75

bp 7 956.48N m

bp 20.03kW
iii Mechanical Efficiency Ween ftp

Reef68.77

in Brake specific fuel consumption
bsfa ftp int t x60

É
6.4 kghrbsfa 0.32 18kWh



























































































v7 Indicated thermal efficiency Brakethermaloff
2 if U

infxcy 9 00 43
106 76.44kW f

2in 2 4 38.151 My 26.207

vis Heat carried away by
the cooling water

Qw inwcpo4TW

4.18718 36

Qw 25.12Kind

01Date d 0.25ms L 0.45m rdrum 0.8ms 1 40min

Ntot 8080 N 8018 202 rpm Hota 3230 9 58 80.75

IN 80 9.81 N Pim 5.8 bar Mf 7.5 m I f 75 0.1875fun
Pguge 136 mmofH2o Tam 17 273 290K Cv 19 MJms

ATW 454 nine 18 4.5 181min Patm 760mmofHg

To find it 2 it 2pm iii Heat Balance sheet

Indicated power ip Pm

5 8 15
0.11 10.25580.752

ki

ip 17.24 Kid














































































































p
Absolute pressure of thegas

Pgas Pgange Patm If Patm

760

Pgan 770 man ofHg

PV MRT PuppYp MRTnep

no III
024 7 770

app 0.195mymin

Heat supplied Q NTP Cheep

0.195 19 106

Q 3705 kJmm

Brake power bp 2If ear
8079.81 0.8

22 84 1 627.86 N m

bp 13.28 K cordkW

Heat equivalent of bp in KMmm

Heaton S
Ow MoCpw AT

4.5 4.187 45

847.86151min














































































































Frictional power FP ip bp
17.24 13.28

FP 3.96 Kind

Heatequivalent ofAFP 3.96 60 22km

Unaccounted heat UH OH QbptQw Qfp

23705 796.8 847.86 2376

HeatEnergyInputHeatEnergySpentIt Particulars
koym.in t Kolmin

1 Heat supplied by gas 3705 100

2 Heat equivalentof bp
796.8 21 5

3 Heat lost to cooling
847.86 22.8

water
237 6 6.3

4 Heat equivalentof f P

5 Unaccounted heat 1822.74 49.4

By difference

Total 3705 100 23705 100


























































































Sof Date n N 350 rpm lot 65 9 81N Pim 3bar if 4kg nr

nine 500 Kgh Twi 204 Two40 Tame20 Texas400C

ma 32 d 0.22m L 0.28m rdrums 0.5m Cv 43195kg

To find iyipiixbpi.it Heat balance
inbed

Cpga 1K51g K

Indicated power iP Pyf a

30105 2 54225351
if 18 62 kind

Brake power bps251 xaffffa.hn 11.68km

Heat supplied Q inf Cv

8
43 106

Qy 47.8 kW

Heat taken away cooling
water

Ow nswCpoTue Twi

5 4.187 40 20

Q 11.63kW
Heat carried away by

exhaustgases
Dean NgCpgTg Itm


























































































Mg matmf 32m'ftmf 32 4 4 132Kohr

Qexh 136 1 40 20

Dexh 13 93 Kind

Unaccounted heat OH_ bp Dean Ow

47 8 1 68 13.93 11.63

10.56 kw

Heetbate sheet

No Particulars
that EnergyInputHeatEnergySpentItem
kW Kid

1 Heat supplied by thefuel 47.8 100
4.68 24.43

2 Heat equivalent to bp

3 Heat lost to coolingH2o
11 6 3.24.41

4 Heat lost to Exhaustgas
13.93 29.1

5 Unaccounted heat 10.56 22.06

by difference

Total 47.8 100 47.8 100



Sol Datt K l re 15 if 10.2181h Cv 43890Kok ma 3 sk mn
7 186M m M 190 rpm my 15.514min aTw 368 Tg 410C

Tatu 204 Gg 1.17 KJkgk To find if bp ii bsfa
iii Rba

in Heat balance sheet in min basis

i Brake power bp Eff 245819518 37 kid

if bsfa If 1037 0.276 181kWh

i p Brake
thermal efficiency 2b bye Iyer

3Éssaox
BE 29.751

Hash sheetcalculations
min basis

ay Heat supplied OH if x Cv
10
0
4389015

OH 7461 KJmin

by Heat equivalent of bp
Obp bpx60 37 60 2220Ktmin

Heat carried by the cooling
water

Ow MoCpo 4To

15.5 4.187 36

Ow 2336 14min



dy Heat carried by exhaust gases
Qg MgCpg Tg Tatu mg matnif

3 8 1
83.97 1.176410 20

Mg 3.97 181mn
Og 1811.5 KTmin

Unaccounted heat difference
Qun OH Obp OutOg

7461 2220 2336 1811.5

Qun 1093.5 KJmin

Heat balance sheet

No Particulars
HeatEnergyInputHeatEnergyspentItem

KJmin Y Kann Y

I Heat supplied bythefuel 7461 too

2 Heatequivalentto bp 2220 29.8

2336 31.3

3 Heat taken bycooling
water

4 Heat taken by exhaust
1811.5 24.3

gases
5 Unaccounted heat

bydifference

1093.5 14.6

Total 7461 100 7461 100


