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UNIT -5

Testing and Performance

Performance parameters, measurements of brake power, indicated power, friction power, fuel and air
consumption,

exhaust gas calorimeter, calculation of various performance parameter, heat balance sheet.
Performance current for S.I. and C.I. Engine with load and speed.

Emission and Pollution

S| Engine and CI Engine emissions and its control and comparison. Effect of pollution on Human
health and bio

sphere.

Engine Performance:- It is an indication of the degree of success withich it is doing its
assigned job.

The basic performance parameters —

(1)

(@)

3)

arwnE

Engine Testing & Performance

The degree of success is compared on the follobhasis —

Specific fuel consumption.

Brake means effective pressure.
Specific power output.

Specific weight.

Exhaust smoke and other emissions.

Power —Power is defined as the rate of doing work arid équal to the product of force
and linear velocity (or) the product of Torque amdjular velocity.

a. Brake Power:- The power developed by an engine at the shaftubugpcalled
Brake Power (B.P.)
b. p. = ZTNT where T=Wxr

W =9.81 x load in kg. and r = radius in meters

b. Indicated Power:- The total power available at the beginning of &éansion
stroke is called Indicated Power (or) the poweretigyed in the cylinder, forms on
the basis of evaluation of combustion efficiency.

C. Frictional Power:- The power required to overcome the resistanceaeaufféy all
moving parts of the engine.

L.p.=bp+fp=>fp=ip-Dbp
(or) The difference between Indicated power anakBrpower is called Frictional
power.

Mechanical Efficiency —The ratio of Brake Power of the Indicated Powercaled
mechanical efficiency.

b.p b.p.

Wmech = =

I.p. bp+fp

Mean Effective Pressure (MEP):-It is the hypothetical pressure which is thoughbé
acting on the piston through out the power stroke.

Net Area of indicator diagram in mim

Pm =
Length of indicator diagram in mm x Spring consta
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I.p = Rn LAN Watts & bp = Bm LAN
n n
Where R, = indicated mean effective pressure (R/m

L = Length of the stroke (m)

A = Area of the piston (A

N = Speed of the engine in revolutions per second.

n = no. of revolutions required to complete the engine cycle.

1 (for two — stroke Engine)

2 (for four — stroke Engine)
Pom = brake mean effective pressure (Rym

also  Rn=Rm+ Pn
Where Ry, = friction mean effective pressure

but pb = ZTNT
hence ZNT = RBm LAN
n
=> T=Rmn LAN = DA, 1
n.ztN n z

Note:-

* A larger engine produces more torque for the samanneffective pressure. Hence Torqye
is not the proper parameter to measure the abilign engine.

» Higher the mean effective pressure, higher wilthee power developed by an engine for ja
given displacement.

* Mean effective pressure is the true indication le# telative performance of different
engines.

(4) Specific Output:- Specific output of an engine is defined as thé&d@utput per unit of piston
displacement.

= b.p/A.L
=> Rm LAN => 1. BmXN
n n

(5) Volumetric Efficiency:- It is defined as the ratio of the mass of air ictdd into the
engine cylinder during the section stroke to thessnaf air corresponding to the swef
volume of the engine.

—

Yvd = Mass of charge actually induced

Mass of charge corresponding to the cylinder volaeatake pressure and temperature.

(6) Fuel — Air Ratio (F/A):- It is the ratio of the mss of fuel to the massawfin the fuel
mixture.

Actual fuel — air ratio

Relative fuel — air ratio @):- Stoichiometric fuel air ratio
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(7) Specific fuel consumption:-1t is defined as the amount of fuel consumed pet of
power developed per hour.

Fuel consumed in grams/hr.

Stc =
Horse Power Developed.

bstc mt (gram/hr) / bp; istc = mt / Ep.

(8) Thermal Efficiency:- The ratio of the output to that of the chemicaérgy input in the
form of fuel supply.

Yan = bp where C.V. = calorific value
“mxC.V.
(9) Specific Weight:-The weight of the engine in kg. for each brake @odeveloped.
(10) Heat Balance:-The energy input to the engine goes out in varfouss.
- A part is in the form of brake output
- A part goes into exhaust
- The rest is taken by cooling water and the luinng oil.

The brake — up of the total energy input into ¢hdgferent parts is called hea
balance.

Measurement of Exhaust Stroke:-

Generally there are three smoke meters namely BOSARTRIDGE and PHS used to
measure soot density (gim

BOSCH SMOKE METER (Spot Filtering Type)
45V
ll

10w

20w
Microammeter
scaled O - 10
smoke PeMmogrs
Annular

photo cell - Lamp 3 &Y

Filter paper discs

Figure — Boach smokemeter

A fixed quantity of exhaust gas is passed throadiiked filter paper. The density of smoke

status on the paper are evaluated optically.

In a modified device, a pneumatically operated@arg pump and a photo — electric uni
are used to measure the intensity of smoke stafittenpaper.

174
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VON BRAND SMOKE METER (Continuous Filtering Type)

In this method, the measurement of smoke intensigchieved by continuously passin
exhaust gas through a moving strip of filter pagoeat collecting particles.

Exhaust

’—‘ L’ Filter blocks

®. >
Filter tape roll O
l Filter tape drive

Figure — Continuous Filter Type Smoke meter

The exhaust sample is passed at a constant ratggtha strip of filter paper moving at ¢
preset speed. A stain is imparted to the paper.

The intensity of the stain is measured by the arhotilight which passes through the filtef

and is indication of the smoke density of exhalistdicates the smoke level.

Measurement of Exhaust Emission:-

The substances which are emitted to the atmospiwerean engine are termed as exhauy
emissions. The exhaust gas consists of a varietpmiponents the important of them are carb
monoxide (CO), unburned hydrocarbons (UBHC) andiesiof Nitrogen (N¢Q). Some other inert
gases and a small amount of oxygen may also present

The following devices are used to measure theouarexhaust components.
(11) Flame ionization Detector Burner (FiD) —

1[‘ Collector

=Hah | I

o =
[Mr0 H,] Flame | Hy#Opti; [H-O]Flame
Loic? s

Samplg —=

- as in
- 9

@) ()
Figure — Flame ionization detector burner

(2) The working principle:- A hydrogen air flame contains a negligible amoaht
ions. If it traces amounts of any hydrocarbons xiiagist, a larger number of ions ar
produced.

!
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If a polarized voltage is applied across the bujpeie a current is produced which is
proportional to the number of ions and thus toHe& present. The output depends on th

number of carbons atoms passing through it in aitime.

reading.

FID is a rapid, continuous and accurate methadeasure HC in the exhaust.
(2) Spectroscopic Analyzers:-

All the spectroscopic analyzers works on the ppilecthat the quantity of energy;
absorbed by a compound in a sample cell is prapwtito the concentration of the

compound in the cell.

There are two types of analyzers —

1. Dispersive Analyzers:There analyzers use only a narrow dispersed frexyuef light

spectrum to analyze a compound. These are genedllysed.
2. Non - Dispersive Infrared (NDIR) Analyzers:-

infrared ‘L*Jl
sauUrce I
-k

B Sample in

= -
= u
L]
o L]
) a
E E 0 'r-a
- ot o
o 9 argtgte Sample out
u vy
o : b
. iaphragm
distende
Detector
Recorder » Component of interest

E.ignulw @‘@

Coantral writ

e Qther molecules

Figure — Schematic of non — dispersive infrared argzer (NDIR)

It consists of two infrared sources, interruptedhidtaneously by an optical
chopper. Radiation from these sources pass inlelapths through a reference and

sample cell to opposite side of a common detedioe. sample cell contains the sample

be analyzed and reference cell filled with an igaig (N2). The inert gas do not absorb the

The presence of CO, GONOy, water and Kin the exhaust have no effect the FIL

a

e

Ny

o

infrared energy which was corresponded to the sanfplclosed container filled with the

sample works as detector. The detector is dividagltivo equal volumes by a thin metalli

diaphragm.

When the chopper blocks the radiation, the pressubeth parts of the detector i
same and the diaphragm remains in the neutral iposiAs the chopper blocks an

unblocks the radiation, the radiant energy from sm@rce passes through the reference gell

unchanged; where as the sample cell absorbs tharadf energy. The absorption i

proportional to the concentration of the samplé&domeasured. Thus unequal amounts (of

5
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energy are transmitted to the volumes of the detesnhd pressure difference causes tie
movement of the detector by this concentratiorhefdample to be measured.

This analyzer can accurately measure CO, @l those HCs which have cle
absorption peaks.

=

Gas Chromato Graphy —

In this method individual constituents of mixtae separated and their concentrations wjill
be analyzed and measured.

This is the only method by which each componerdroexhaust sample can be identified
and analyzed. But it is very time — consuming metho

Measurement of Brake Power:-

It involves the determination of the torque anel dimgular speed of the engine output sh4ft.
The torque measuring device is called a “Dynamorséte

s'ﬂ.tﬂr Scale

Coupling
torce

Zénu nterbalance
weight

Figure — The dynamometer principle

Principle:- A rotor driven by the engine under test is eleatly hydraulically of magnetically
coupled to a stator. For every revolution of thafshhe rotor periphery moves through a distan
(2nr), against the coupling force (F).

O
D

The work done per revolution (W) = @&
The external torque is equal to P x R where PcateSreading
And R is the ‘arm’. This moment balances the tuagmmomentrxf => PxR =T

Work done / rev. = 2T
Work done / sec. = aNT where N is rev/sec.
= Power = Z2PRN

The dynamometers are classified into two main group

1. Absorption Dynamometers:-These dynamometer measure and absorb the powart oyt

of the engine to which they are coupled. The poabsorbed is usually dissipated as heat.
The following are the example.
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A. Prony Brake:- It is the simplest method to measure Horsepower.

andwheel Adjusting nu'l.\

Lock nut

\ Spr-g
wodden blocks

Puliey i

0 -l .._o—-lF

Figure — Prony Brake

Flgxible
band

Principle:- It works on principle of converting power into hdsy dry friction. It consists
of a wooden block mounted on a flexible rope. Theoden block when pressed intq
contact with the rotating drum takes the enginguerand power is dissipated in friction}

resistance. Spring loaded bolts are provided tdeigthe wooden block and hence increase
the friction. The whole power absorbed is converiteid heat and hence this type
dynamometer must be cooled.

The brake horse is given by
b.p=2NT Where T=Wr
where W; weight applied at a radius ‘r’.
B. Rope brake Dynamometer:dt is a simple device for measuring b.p. of an eagi

Cooling water

Figure — Rope brake

It consists of a number of turns of rope wounmbiad the rotating drum attached to
the output shaft. One side of the rope is connetded spring balance and other to ja
loading device. The power is absorbed in fricti@ivieen the rope and the drum. Henge
the drum requires cooling. It is cheap and easihstructed but it is not accurate.
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b.p

Where;

C.

It works on the principle of dissipating the powre fluid friction rather than in dry
friction. It consists of an impeller coupled to thatput shaft of the engine which rotates
a casing filled with fluid. The outer casing duethe centrifugal force developed, tends
revolve with the impeller, but is resisted by ajtgg arm supporting the balance weight.

The frictional forces between the impeller and fluid are measured by the sprin

7DN(W-S)

W = Weight
S = Spring scale Reading

Hydraulic Dynamometer:-

D = brake drum diameter

Torus Rotor ;tamr
i ¥
S e w Trunnion bearing
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Figure - Hydraulic Dynamometer

balance fitted on the casing.

D.

It consists of a stator on which a number of tetenagnets are fitted. A rotor disg
made of copper (or) steel coupled to the outpuft stidhe engine. When the rotor rotates
eddy currents are produced in the stator due tonetagflux. These currents oppose the
rotor motion, thus loading the engine. It requigesooling system to carry the hedt

dissipated.

Eddy Current Dynamometer:-
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Figure — Eddy current dynamometer
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Advantages —

1. High horse power per unit weight of dynamometer.

2. Development of eddy current is smooth and hencéotiggie is also smooth.
3. No limit to size.
E

Swinging field D.C. Dynamometers:-

It is a D.C. shunt motor so supported on trunrbearings to measure the reaction
torque. The outer case and field coils tend toteotath the magnetic drag. Hence the nanme
is “swinging field”. The torque is measured witham and weight in the usual manner.

It is reversible, i.e. works as an absorption dyometer as well as motoring
device.

The load is controlled by changing the fields eatr
F. Fan Dynamometer:-

LY
R

d

Figure — Fan Dynamometer

This is an absorption type of dynamometer. Wheis ilriven by the engine,
absorbs the power. It is mainly for rough testimge accuracy is very poor. It is quitg
difficult to adjust the load. The power is measugedormal manner.

2. Transmission Dynamometers:-

The power is transmitted to the load, coupled t® e¢hgine after it is indicated on som
type of scale. These are also called “Torque —rsiete

D

Strain
gauges

Beam QOutput
shaft

Input shatt m I

Figure — Transmission Dynamometer
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It consists of a set of strain gauges fixed onrthating shaft and the torque is measured by
the angular deformation of the shaft which is iatkal by strain gauge.

These are very accurate and are used where confittansmission of load is necessary.
They are used mainly in automatic units.

**Measurement of Friction Power —

The power required to overcome the resistanceeaffby all the moving parts of an engin
is called Friction Power.

11°}

Friction has a dominating effect on the perforngaatan engine. The difference between|a
good engine and a bad engine is due to differerteden their frictional losses. These losses gre
finally dissipated to the cooling system (and exdtpu_ower the friction power higher the brak
power, hence brake specific fuel consumption iselowhe bsfc rises with an increase is speed.
Hence it decides the maximum output of the engihiglivcan be obtained economically.

The friction power of an engine is determined g following method.
(1) Willan’s Line Method:- (CSVTU)

In this method ‘gross fuel consumption’ Vs ‘brakewer’ at a constant speed is plotted.
The graph is extrapolated back to zero fuel congiomp
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Figure — Willan’s line method

The point where this graph cuts the b.p. axis isndication of the friction power of the
engine at that speed. This negative work repredbeteombined loss due to mechanica
friction, pumping and blow by.

The test is applicable only tmmpression ignition enginesThe accuracy obtained in thig
method is good, if extrapolation is carefully done.

The main drawback of this method is the long distaio be extrapolated.

10
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(2) Morse Test:- (CSVTU)

It is applicable only to multi cylinder engines.&bngine is first run at the required speed
and the output is measured. Consider, a four ogtirehgine, and then the total brak
power is given —

BP = BR+BP,+BP+BP,
BP1234= (IP1- FP) + (IP2- FR,) + (IP3- FPs) + (IP4- FPy) = (1)

Then one cylinder is cut out by disconnecting thark plug in case of S.I. Engines or by
disconnecting the injector in case of C.l. Engibet the cylinder is 1 then IP of cylinder
one is ‘0’. But frictional power of cylinder onemains same. Then

BP,34= (0 - FR) + (IP,- FR,) + (IP3- FPs) + (IP4- FPy) = (2)
1)-(2)

BP1234— BP3s= IP;
If cylinder No. — 2 is cut off; then

BPi3s= (IP;- FP) + (0- FP,) + (IPs- FP3) + (IP4- FPy)
Then BR23s— BPi3s=IP;
If cylinder No. — 3 is cut off; then

BPi24= (IP1- FPy) + (IP,- FP5) + (0- FP) + (IPs- FP)
Then BR23s— BPi2s=IPs
If cylinder No. — 4 is cut off; then

BPi23= (IP;- FP) + (IP2- FR,) + (IPs- FR;) + (0- FPy)
Then BR231— BPi23= 1P,
Hence IRy34=IP; + IP; + IP; + [P,
Then (FPjotal = IP1234— BPi23s

It gives reasonable accurate results if theramarehanges in mixture and other conditions

D

Assumptions made in this testl) It is assumed that pumping power and friction lessee the
same when the cylinder is inoperative as well asndufiring. 2) The mixture distribution is
uniform and remains same when cylinder is inopeeatii) The combustion is complete during
the trials of an engine during conducting Morsé. tes

Precautions: i) The speed of the engine should be maintained aandtaing the test. ii) It is to
be ckecked that spark plug is properly removedc@isected) in case of Sl engine and fuel cut |of
for the injector of that particular inoperative iogler.

3) Motoring Test —

In this test, the engine is first run up to theided speed by its own power and allowed {o
remain for some time so that oil, water and engmmponents reach stable conditions. The power
of the engine is absorbed by a “Swinging field Ddgnamometer”.

The fuel supply is then cut off and by electricitshing devices the dynamometer i
converted to run as a motor to drive the enginéghatsame speed at which it was previously
running. The power required for the above is measfithe frictional power of the engine.

U7

This method gives reasonably good results ancketig suitable for finding the losses o
friction.

11



[By Prof.S. A. K. Jilani] RCET, BHILAI

4) Difference between i.p. and b.p. —

The method of finding the frictional power by fing the difference between indicate(
power (i.p.) [which is obtained from an indicatoagram] and brake power (bp) [which measure
by a dynamometer] is ideal one.

This is mainly used in research laboratories.
F.p. =i.p. —b.p.
Measurement of Indicated Power (i. p.):—
The following methods are used to find I. P.
(1) By taking an indicator diagram with the helpac$uitable Engine indicator.

Indicator Diagram :- The devices which measures the variation of pressuhe cylinder
over a part of full cycle is called “indicator” aride plot of such information obtained if
called an “indicator diagram”.

It is the only intermediate record available in Huoeount of total energy liberated before

iIs measured at the output shaft. Hence it giveerg good indication of the process

converting heat into mechanical work. A great ihsigan be obtained into combustio

phenomenon and its associated factors such asfratessure rise, ignition lag etc. by it$

analysis. It is also used to study engine combnstietonation, tuning of inlet and exhaug
manifolds, etc.

There are two types of indicator diagrams —

(a) Pressure — Volume (P — V) plot
(b) Pressure — Crank angle (P — @) plot

Performance of S.l. Engine

The performance of an engine is generally givenhbgt balance sheetThe main
components of the heat balance are (i) heat equniéd the effectivébrake) power of the engine
(i) heat rejected to the cooling medium (iii) Heztrried away from the engine by the exhau
gases and (iv) unaccounted losses. Radiation Idesmsthe various parts and heat loss due
incomplete combustion.

Note: Thefriction lossesare not shown as a separate item in the heatdsakdreet because thes
losses finally reappear as heatooling water.

Fuegl Air )
Exhaust gases v —— Cooling water
L _‘_ }f 1T
, «—1_ Lubricating oil
Engine |

— 1, _I_E':)'
Cooling water I

e e e e = —) — —=

Lubricating oil Crankcase and wall radiation

Fig. External Heat Balance

)
d

b

St
to

D
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Heat Balance Vs Speed

In S.I. Engines, thss due to incomplete combustiors included in unaccounted losseg

can be rather high.

For a rich mixture (A/F =12.5 to 13) it (lossesedio incomplete combustion) could bg

20%.

Energy input {%6)

100

75

Lh
]

25

bp 20%

Loss 80%

Surrounding lz?w

]

Hea: from fuel 100%

Fig. Energy Balance Diagram

Unaccounted losses
Exhaust losses
Coolant losses
— T —
— ""-...___
Usefial work
Low =—— Engine speed — High

Fig. Heat Balance Diagram for a Typical S| Engine

\Y*4
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Torque, ip, bp and F.p. Vs speed. (Full throttle ad variable load & variable speed

Power (kW)
Torque (Nm)

Engine speed (rpm)

Fig. Typical SI Engine Performance Curves

At low engine speeds the f.p. is relatively londdnp. is nearly as large as ip. As spe¢
increases, f.p. increases at a greater rate.

At engine speeds above the usual operating rapgen€reases vary rapidly. Also at thes
higher speeds i.p. will reach a maximum and thérofa

At some point, i.p. and f.p. will be equal and.lwgl then drop to zero.

The Torque reaches a maximum at approximately 80%e rated rpm of the engine
while the i.p. has not reached maximum even atdtes] speed.

Fuel consumption and b.s.f.c.(Vs) Engine Speed. [®a engine operating at same conditions

| I ! I | |

\_____ bsfe _..--‘"‘;

— mﬂaﬂfﬂ?ﬁﬂw
?ﬂﬁif/*"/—
/ Full throttle -::p-.-:mtiun_
| | | | | |
Engine speed (rpm)

Fuel consumpiion (kg/h)
hsfe (ke/kW h)

|

Fig. Typical Fuel Consumption Curves for an SI Engie
[Full throttle, variable speed]
The quantity of fuel consumed increases with emgipeed. The bsfc on the other har

drops as speed increased in low speed range, rieadlyoff at medium speeds and increasesi|i

the high speed range.

pal

[¢)

d
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At low speeds, the heat losses are greater anfusiman efficiency is poorer, resulting in
higher fuel consumption for the power produced.

At high speeds, the f.p. is increasing at a raptd resulting in a slower increase in b.p.
than in fuel consumption with a consequent increa$esfc.

Bsfc Curve at Constant Speed and Variable Load:

Constant speed
Constant A/F ratio
- E
= =
= =
= = =
- gl L =
z Z
I
|
|
0 Full load (%) 100

Fig. bsfc Curve at Constant Speed and Variable Load

At the constant speed and variable load and amnataot air fuel ratio, the bsfc will rise
consistently and rapidly as the load is decredgatuction in throttle opening]

The reason is that the f.p. remains essentialhgtamt, while the i.p. is being reduced. The
b.p. drops more rapidly than fuel consumption deitéby the bsfc rises.

Efficiencies and Specific Fuel Consumption (Vs) See [Full Throttle]

100 T T 5
B Mechanical efficiency ] 550 =
_'_“———_.____ £ E
8O 500 g
- “\\_\ I 450 _8 .
Specitic fuel consumption / Ro400 w7
2 -
< — 4 300 = >
L S o
> 0 250 &
S indicated thermal efficiency n
3 .
“ 0 - E——
~ Brake thermal efficiency [
0 \

1000 2000 3000 4000 5000 6000

Engine speed rpm
Fig. Efficiency and specific fuel consumption vs.peed for a petrol engine at full throttle

I. As the speed increases, the brake thermal effigigrareases to a maximum value and
then decreases with speed.

15
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il. As the speed increases, the indicated thermalezifig increases to a maximum valu
and then decreases.

iii. As the speed increases, the mechanical efficieacyedses.

iv. As the speed increases; the bsfc decreases tamuninvalue and then increases.

Isfc, bsfc and mechanical efficiency (Vs) Variabl&peed

180 =
140 -
120 =
100+
" =]
= 8o s
a a
60— >
[ = =
W
S
o 43
201~
0
0 1000 <000 3000 4000 5000
Engine spzed, rev/min
0a / <350
1 -__-"'-\..__\__‘ rLI'ﬂ n‘/
L"‘"--..,__ -~ F=
08 ~ J300 =
— e o —n — '\\ =
"m | kefc - -
07 b ™~ o
| istc bt
06— W
i 230
l I I 1 l -

¢ 1000 2000 a000 4000 5000

Zngine speed .rev! min

Fig. Variable speed test of automotive Sl engine &tll throttle (CR = 9)

I. As the speed increases, the mechanical efficieacyedses.
il. As the speed increases; the isfc reaches to a mmnivalue and then increases.

112
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C.l. Engines — Performance Curves:
i) Heat Balance (Vs) Speed —

100
Unaccounted losscs
B
g Exhaust losses h
= 60
=
[ =%
B
:_E"ﬂ _—/‘—.—r—
2 a0
w Coolant losses o
/f
20| "
Useful work
I | | |
] 25 50 73 100

Power output (%)

Fig. Heat Balance Diagram for a Typical Cl Engine

i) Indicated Pressure (Pi), Brake pressure (Pb),mep, bmep, istc, bsfc Vs Speed. (Variable
Speed)

I.. i — -|1'\.uu
faald i
200 reeex !"_ = —— Tt ERE:11
e
= L
el —~ %
il L E T
Lreri o -"__,.-"’; -
— T T - T - &
_— - .f'"-'
AL 2] - = —] &
.r"-’r B
L -
T Pa— - - e — F—= ¥ O
T -
- -
Ty _.__.-" e -
bk e e e e —c
& = ||-"h
\ - ‘_,_,..ﬂ-' |
L o
P.’-'-"-'- i
=~ 1
& S i
L i —
-
|~ __,.-""
o
=
e | bl
——— - ] — 1 ——pee— T u0
i e b — — =
- —— s —— I . =
- . ' - PR i
— —_— L=
— T ! T
™
- i - T = 11 =
hE=1 <] Ll AR T I TIOD

Fig. Gross indicated and brake power (BPP,), mean effective pressure (imep,
bmep), and specific fuel consumption (isfc,bsfc) fa 8.4-dm six-cylinder naturally
aspirated direct-injection diesel engine : bore = 11.5 mm, stroke £35 mm, I = 1€*

(a) As the speed increases, the i.p. (Pi) increases.

(b) As the speed increases, the bp (Pb) increases.

(c) As the speed increases, the imcp increases andldoeeases.

(d) As the speed increases, the bmcp increases toimmmmaxvalue and then decreases.
(e) The bsfc is low through most of speed range.
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i) Torque; bsfc; bmep; bhp (Vs) Speed (Variable $eed) —

100} Torque 1350 »
%0 4300 ,_E'E
so fzs0 2
7ol 1700 1~
a leoo 5 &
o] iz
3 1500
- 50
; —
40} |
E: {0218 L
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20 SPEC Fuel {02259 2
. 0200 ¢ ¢
000 1500 7000 2500 3000 E iy

Spu_d rev.fmin.

Fig. Performance curves of a diesel engine.

I. The Torque is maximum at about 70% of maximum rafesked.
il. The bsfc is Low Through most of speed range.

iv) Torque, bp, bsfc, bmep (Vs) Load [at counst. Sged] —

E 850G
s Y
X g [ 5s0°C
-\-.'x.‘ ’_
&
a 450°C
g 350°C
—
32
= =
8 3 t25@*0
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E 150 g
=5 'l

- |
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Load %

Fig. Constant Speed Test of 4-stroke CI Engine
Performance Maps —

For critical analysis the performance of an IC iBegunder all conditions of load ang
speed is shown by a performance map.

Generally, all the engines show a region of lowsgstcific fuel consumption (highest
efficiencyO at a relatively low piston speed withetatively high bmcp.
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S.I. Engine —

9.8 0-05 0-14 023 kWfem? Piston area

84

10
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ur
o

. 10 15
Piston speed

m/s
Fig. Form of performance map for a petrol engine.

Constant Speed Line -Increased bsfc is obtained by moving upward alomgstant speed line,
because of mixture enrichment at high load whichranihan offsets increase in mechanic
efficiency.

Moving to lower bmcp’s the bsfc increases becafsthe reduced mechanical efficiency
(imcp decreases while fmcp remains constant).

Constant bmcp line:-Moving from the region of highest efficiency aloadine of constant bmcp,
the bsfc increases due to increased friction dtdrigiston speeds.

Moving to the left towards lower piston speedhaitgh friction mep decreases, indicate
efficiency falls off owing to poor fuel distributioand increased relative heat losses.

C.l. Engine :-

3-8
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~ 586 7 B :
E L0146k W fem?
“ Ly 237 Piston area

42 s ....—'-""';

5 003
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l — 0.7

Piston speed [(ms)

Fig. Form of Performance map for a diesel engine.

d
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In the C.I. Engine the bsfc increases at high doading to the increased fuel wast
(smoke) associated with high fuel air ratios.

At lower load bsfc increases due to decrease rhargcal efficiency.

1%}
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UNIT — 5 (Part — 2)
Emission and Pollution

l. Exhaust Emission—

Air Pollution:- It is defined as the unwanted addition to our aphese, of any material which
will have a harmful effect on life upon our planet.

The main pollutants by automobiles are:
1. Carbon monoxide
2 Un-burn Hydrocarbon
3. Oxides of Nitrogen
4 Lead
The contribution of pollutants from an I.C.E. sfallows :-

(1) Evaporative Losses:-Tank and Carburettor. (These occurs 15 — 25%taf smtomobile
pollution).

(2) Crank-case Blow-by:-20 — 35% Hydro-Carbon.

3) Through Exhaust manifold:- 50 — 60% Hydro-Carbon. If also includes carbon-bade
and Nitrogen Oxide.

Evaporative Losses:Ht includes fuel tank losses and carburetor lasses

Exhaust Emission:-Carbon Monoxide, Hydro-Carbon, Partial Oxidatiangucts and oxides of
Nitrogen.

How to control Emission in Petrol Engine (GasolindEngine Emission Control):-

An Emission control program aims at reducing cotregion of CO, Hydro-Carbon and
Nitrogen Oxide in the exhaust. The main approagttesh have been made are:-

1. Engine design modification.
2. Treatment of Exhaust Gas.
3. Fuel modification.

Engine Design Modification:-

Q) Use of Lean Air-Fuel Ratio -The carburettor may be modified to provide rekijmMean
and stable air-fuel Mixture during no load conditioy which it reduces exhaust Emission

It can be done by better manifold design, inlethaating, and rising of coolant
temperature and use of electronic fuel injectiostey.

(2) Retarding Ignition Time — Retarding ignition timing allows increase in tinfer fuel
burning. Retarding the spark reduces Nitrogen Gxiéenissions by decreasing th
maximum temperature. It also reduces Hydro-Carlmois®on.

3) Modification of Combustion Chamber Configuration to reduce drenched (wetted,
soaked or saturated) Area —Modification of combustion chamber using attempus
avoids flame drenching zones where combustion nighhcomplete and resulting in high
Hydro-carbon emission. This includes reduced serasume ratio and reduced distanc]
of top piston ring from the top of the piston.

11%

21



[By Prof.S. A. K. Jilani] RCET, BHILAI

4) Lower Compression Ratio -Lower the compression ratio reduces the drencéifegt by
reducing drenching area thus reducing Hydro-Casdyoission and reduces N@mission.

(5) Reduced Valve Overlap -Reducing valve overlap reduces the emission level.

(6) Alternation in induction System — By making proper alternation in induction systemn
reduces the emission.

Treatment of Exhaust Gases:-
Exhaust Gases treated to reduce Hydro-Carbon, ddién

(1) After Burner:-

By pass valve

P
Seconddry j
air N — —

Enai p— — ‘) Iignition
ngine ___ - gurce
exhaust — D s

l"""\--.__ ]

Placing on after burners is exhaust gas systemewhitn the practically un-burn
Hydro — carbon in the emission. The Hydro — carbpnd carbon — Monoxide in emissior
are because of insufficient Oxygen and time to laumth these are further burn by providin
air in a separate box called as after burner.

©Q

174

It is placed very nearer to the exhaust manifolde Durning depends upon the
exhaust temperature and mixing with air in theraftener.

Disadvantages:-
1. It does not have any effect on NO
2. They are not successful due to high heat losses.

(2) Catalytic convertor:-

Y Secondaryair

Gas "'"E | —Gas
] =] aut

MDx thmznt\-: HC!CO element

It was developed by Ford Motor. A catalytic conweris a device which is placed
in the vehicle exhaust system to reduce hydro-caerm carbon-monoxide hopxidizing-
catalyst and NQ by reducing-catalyst It consists of two separate elements one is for
NOy, other one is for HC/CO emission.
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Oxidation Catalystic SK":- Carbon monoxide and Hydro—carbon in emission arggén from
air are catalytically converted to G@nd HO. The catalyst are platinum, Plutonium, Coppe
Vanadium, Iron, Cobalt and Cronium.

-

Reduction Catalystic SK':- The primary concept is to reduce Ni@ the presence of Nickel or
Copper prior to form Bland CQ.

Draw backs:-

1. The SK are exogamic and exhaust system is hotter thanaimal one.

2. If lead is present is emission, it will spoil tile catalystic SK Thus the fuel must be un
leaded.

Exhaust Emission Control by Fuel Variation:-

It is a well known fact that fuel — air ratios tea than stoichiometric gives almost int
significant amount of CO and reduce HC with reduseekific fuel consumption.

Both methane and propane could burn at leaner ttheurgasoline at a given throttle angd
produce much lower CO than the gasoline.

By using propane as an engine fuel, instead abloges CO emission can be reduced arnd
also reduction in HC and NOIf Methane is used in place of propane then thessions HC and
CO touch zero level and only the Nf@mains as a significant factor.

Total Emission Control Packages:
These packages are used to reduce emissions,oHGand CO. They are
(1) Thermal Reactor Package [Developed by Ford] :-

A Thermal reactor is a chamber which is designegravide sufficient residence
time for appreciable homogeneous oxidation of C@ HE. The formation of COfrom
CO can be increased by increasing the exhaust tatope.

@ < Engine
/o1
Secondary
air pump _ ' EGR
Thermal Inter cooler metering
[ACtOr f——i— valve

¥
% Bypass

Figure - Thermal reactor package (Ford)

A Thermal reactor made of high Nickel Steel usedCar. It consists of two
enlarged exhaust manifolds which allow sufficiembe for burning HC and CO with
Oxygen. For keeping a flame constantly burningaisdary air pump injects fresh air intg
the reactor this reduces HC and CO. About 10 to ®B%e gas is re-circulated afte
cooling in the intercooler to reduce NO

* In this package emission of dHC and CO are reduced to a required level but @ri8te fuel
consumption.
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(2) Catalytic Converter Package:—This package is used to control the emission seoél
various pollutants by changing the chemical charéstics of the exhaust gases. The majpr
advantage of this is that it allows a partial dggdimg of emission control from the enging
operation in that the conversion efficiencies f& Bind CO are very high. [EGR: Exhaus
gas recovery]

D

EGR

hose EGR
Intercooler
¥

Engine —C%) Secondary
air pump
k)
' E
NO, HC/CO
| ] catalyst > catalyst Clean gas
to atmosphere
Programmed Muffler

bypass valve

Figure — Catalytic converter package

The NQ catalyst is the first element in the gas flow pakbes not cause release qf
any heat. The next is HC/CO catalyst which rele&ssd to such a great extent that may
cause overheating and burning of the element. iSheken care of by injecting air through
secondary air pump.

A bypass valve ahead of converter is used to iseréze converter life.

For better control of NQ exhaust gas is circulated via an intercooler kachir
cleaner.

For this system the power loss is 30% and thedaesumption is about 10% more
than Normal.

7

The limitation is it requires un leaded fuel onlyaded fuel reduces the catalyti
action.

Diesel Engine Emissions and Control:-

In C.1. Engines, the fuel burnt at a relativelyeFair ratio greater than 1.5 which producegs
soot. The quantity of soot formed depends on theviing factors —

I. The local Fuel — Air ratio
il. The type of fuel
iii. The pressure.

If the soot is able to find sufficient Oxygen, itllburn completely. If is there is no
Oxygen, it pass as exhaust. And if the quantitgufficient, it will be visible and that is called
smoke. The colour of the smoke depends on theo§izeot particles.

- Formation of smoke is basically a process of casiverof molecules of hydrocarbor
fuels into particles of soot.
- Phrolysis of fuel molecules them selves is thougliie responsible for soot formation.

The smoke of a diesel engine of two types.
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(2) Blue — White Smoke:-It is caused by liquid droplets of lubricating ol fuel oil while
starting from cold. At lower surrounding temperatithe combustion products are at a relative

low temperature and intermediate products of comntrusio not burn. This results in bluish whitg

smoke when exhausted.

(2) Black Smoke —
- It consists of carbon particles suspended iretf@ust gas depends upon Air — Fuel rati
- It increases rapidly with the increase in load.

Causes of Smoke:-

It is known that the cause of smoke is incomplaiening of fuel inside the combustion
chamber. The two major reasons for incomplete catidiu are —

0] Incorrect Air — Fuel ratio
(i) Improper mixing

These might result due to the following designdest

(a) Injection System:- Unsuitable droplet size, inadequate penetratizsoessive duration of
injection of fuel may leads to smoke.

(b) Rating:- It has been observed that smoke limited powereschied much before thg
thermal load limited power. Thus, the smoke is widable in C.l. Engine, only its level
can be kept as low as possible.

(c) Load:- The smoke level rises from no-load to full load.

(d) Fuel:- More volatile fuels give less smoke.

(e) Fuel:— Air Ratio:- The smoke increases with the increggurel ration.

(N Engine Type and Speed:The smoke is very more at low and high speeds.

(g) Maintenance:- A good maintenance lowers the smoke level.

Control of Smoke —
Running the engine at lower loads and a good maamice reduces the smoke level.
The Other methods used to control of smoke.

I. Smoke Suppress out Additives:- Addition of someidmar compounds in fuel
reduces the soot.

il. Fumigation:- It is a method of introducing small @amt of fuel with the intake
manifold. This reduces the chemical delay whichuced the soot formation.

iii. Catalytic Mufflers:- The use of catalytic mufflesise not effective.

Diesel odour and control —
The partial oxidation of products are the mainseaof odour in diesel exhaust.
The following factors affect odour production —

Fuel - Air ratio

Engine operation mode.
Engine type

Fuel consumption

Odour suppressant additives

agrwnE

Control of Odour —

1. Use of additives [but having less effect on contrfabdour]
2. Use of catalysts reduces the intensity of odour.

174
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Comparison of Gasoline and Diesel Emissions —

a small quantity of smoke.

Effects of Engine Emissions on Human Health —
1.

Gasaline Diasel

AN

. i':i:l | HC NO, “Odour Smoke

N

Figure - Comparison of emissions and odour from gat¢ine and diesel engines.

The petrol Engines have a similar emission pattaththe diesel engines have different
emission characteristics. In order to account farious difference in the design operation
principles of petrol and diesel, the following axtion factors is applied for comparison.

Correction factor = 15(% COr % CO + %C)

If the diesel engines are maintained properlyy theve very little CO in their exhaust an

S.I. Engine exhaust have significant amount ofadd@ un-burnt Hydro Carbon (UBHC).

Sulphur Dioxide (SOy):- It is an irritant gas. In the presence of watepowa it forms

Sulphurrus and Sulphuric acids. These acids caeseres broncho sparma at very loy

levels of concentration. Diseases like bronchitid asthma may prone at higher levels
concentration.

Carbon — Monoxide (CO):- It has a strong affinity for combining with therheglobin of
the blood to form carboxy-hemoglobin. This redutes ability of hemoglobin to carry
oxygen to the blood.

It affects the central nervous system.
It is also responsible for heart attacks.

Oxides of nitrogen (NOXx):-It may cause eye and Nasal irritation. It alsoraggtes dieses
like bronchitis & Asthma.

Hydro carbon Vapours:- They are primarily irritating. They may also causge and
respiratory irritation.

Compounds of Incomplete Combustion:-These compounds acts as carcinogenic age
and are responsible for lung cancer.

Load:- It may cause a variety of health disorder. It nsayse liver, kidney damage an
also leads to abnormality is pregnancy etc.

Smoke:- It causes irritation of eyes and lungs. It alsoses other respiratory diseases.
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