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MODULE -2 IC ENGINES PERFORMANCE

0 Performance test
[0 Heat balance test

[0 Measurement of Brake power, Indicated power
and Frictional power

[0 Morse test and Retardation test on IC engine



Engine Performance Parameters and characteristics

The performance of the engine depends on the
interrelationship between

(1) Power developed
(11) Speed and
(ii1) The specific fuel consumption

at each operating condition.



ENGINE PERFORMANCE PARAMETERS

Performance parameters are indicated by term Efficiency and
other related parameters
(1) Indicated Thermal Efficiency (n;+)

(ii) Break thermal efficiency ()

(iil) Mechanical Efficiency (n,)

(iv) Volumetric efficiency (n,)

(v) Relative efficiency or efficiency ratio (n,.)
(vi) Mean effective pressure (p,)
(vil) Mean piston speed (s,)

(viii) Specific power output (p,)
(ix) Specific fuel consumption (sfc)

(x) Calorific value (c.v.)



ENGINE PERFORMANCE PARAMETERS

(1) Indicated Thermal Efficiency
(Nien)

«* Indicated Work is the work done during the power stroke, which is typically
measured using a pressure-volume (PV) diagram, and

«» Heat Input is the heat energy released by the combustion of the fuel in the
same stroke. ~ MEnergy

« Indicated Thermal Efficiency is an important performance parameter for .
Tiid

internal combustion engines, as it provides an indication of how effectively (" combusion
the engine is converting the chemical energy in the fuel into mechanical
enersy. n - Indicated Power, ip [kJ/ ) e "
. = g s Tl
""" Energyin fuel | kJ/ 9 e
] ke Vm WP
= Ip [ kJ/ d valve opens J:ill:"u,;;
massof fuellkg/ 9 x calorificvaluel kJ / kg P-L_k -
. Intake
= LX‘IOO% e T

m,xCV.



ENGINE PERFORMANCE PARAMETERS

(i1) Break thermal efficiency

(’Tb,g-) Brake Power is the power output of the engine as measured by a dynamometer,
and Fuel Input Rate is the rate at which fuel is consumed by the engine.

«» Brake Thermal Efficiency takes into account all of the losses due to friction,
pumping, and other inefficiencies that are not accounted for in Indicated Thermal
Efficiency. It is therefore a more accurate measure of the overall efficiency of the
engine.

«» Brake Thermal Efficiency is an important performance parameter for internal
combustion engines, as it provides an indication of how effectively the engine is
converting the chemical energy in the fuel into useful work.

_ Break Power, ip [ kJ/ s)
Mo = Energyin fuel / S kJ/ 8
_ bplkJ/ 4
" massof fuell kg / 9 % calorificvalud kJ / kgl

nbrh - bp X 1 OO% WEnergy in fuel Mip bp
m;x CV.



(1i1) Mechanical
Efficiency (17,,)

0’0

ENGINE PERFORMANCE PARAMETERS

Mechanical Efficiency is a measure of the effectiveness of a
mechanical system in converting input power into useful output
power

MEnergy in fuel MWip bp

Mechanical Efficiency is the ratio of the output power at the
engine's crankshaft to the input power provided by the fuel.

It takes into account all of the losses due to friction, bearing drag,

d oth hanical inefficiencies.
ana otner mecnanical inetrriciencies Powa'deﬁvera)’tﬂdjaﬂ
power provided to piston
_P_ P q00%
ip bp+ Ip

m




Engine Performance Parameters:

(v) Relative efficiency or efficiency
ratio (n,.)

Otto cvele

n. = Actual thermal efficiency _ n,, I
" Ideal thermal efficiency 1.,

0l V e



Engine Performance Parameters:

(iv) Volumetric efficiency (n,)

Volumetric efficiency indicate the breathing ability

afth@eﬂgiinélciency is @ measure of how effectively an internal combustion engine is able to draw air
or air-fuel mixture into its combustion chamber during the intake stroke.

% It is defined as the ratio of the actual amount of air or air-fuel mixture drawn into the combustion
chamber during the intake stroke to the theoretical maximum amount of air or air-fuel mixture that the
engine could draw in if the intake process were perfect, expressed as a percentage.

_ Actual volume flowrate _ m,/ p, %100%
Volume dispalcerment

v
S

Note:

Irrespective of engine (SI or CI or Gas) volumetric rate of air flow is what to be
taken into account and not mixture flow.

At full throttle,

S.I engine = 80-85%

C.1. Engine= 85-90%



Engine Performance Parameters

(vi) Mean effective

I'ESS

*2 Mean grctl\g'ﬁ)essure (MEP) is a term used in thermodynamics and heat transfer
to describe the average pressure that acts on the piston of a reciprocating engine
during one complete cycle of operation.

< It is a measure of the net work output produced by an engine per cycle, and is
therefore an important performance parameter used to evaluate the efficiency of
internal combustion engines. The MEP is calculated by dividing the total work
output per cycle by the displacement volume of the engine, and is expressed in
units of pressure, such as psi or bar.

o It is affected by various factors such as the engine design, type of fuel , air-fuel
ratio, compression ratio, ignition timing, and other operating conditions.

< A higher MEP indicates that the engine is more efficient and produces more
power per cycle.



Engine Performance Parameters

End of
combusiion

_ Areaof indicator (p- v)diagram
length of indicator diagram

im

Exhaus
svalve

|gminicn

Indicater Power(ip) = Indiacated network / cyclex Cycles/sec

= me I"'; Ki X k Intake r“""”.rih'*.w..,. ik
60 “'I",:;"P"""" hm::;
anu___':r ‘r
~ E?m LA”k , Intake o
~ 60x1000 e TR
Indicated Mean effective pressure where,
60000 L, = strokelength (m)
P_= IP(N)!W?) or Pa A = areaof piston (m?)
_ LAnk N = speed of shaft(rpm)
Break Mean effective pressure n = Number of power stroke,
) - @UUUKbP(N,,n%) = N/2 (4stroke engme),
LAnk = N(2stroke engine)

k = Number of cylinders



Engine Performance Parameters:

(viil) Mean piston S,=2.LN

speed (s,)

(viii) Specific power output (p,) bp
s E

It is an power output per unit
piston area

(ix) Specific fuel sfc
consumption (sfc) power (kW)

bstc= """ (kg/ kW- h)
bp

_ fuél consunption per unit area(kg/ h)

isfe=""" (kg / kW- h)
ip

(x) Calorific value (or) Heating value (or) Heat of combustion

Thermal Energy released per unit quantity of fuel when the fuel is
burnt completely.



Physical significance of efficiencies

(i) Air-Standard efficiency- Idea of upper limit of the efficiency obtainable from
engine

(i1) Indicated Thermal Efficiency (n,,)-power generated out of combustion w.r.t Qs
For, Diesel engine =28%, Gas and petrol engine= 36%

(iii) Break thermal efficiency (n,;)-output power generated by engine w.r.t Qs
(iv) Mechanical Efficiency (n,,)- Idea of mechanical loss (65%-85%)

(v) Volumetric efficiency (n,)- Indicates the breathing capacity of an engine (m-act /
m -ideal)

(vi) Relative efficiency or efficiency ratio (n,.))- How much closer to ideal efficiency
(vii) charge efficiency- How well piston displacement of a 4-S engine is utilized

(viii) Combustion efficiency- compares the actual heat liberated with theoretical
heat. (92-97%)

NAnto: Tnenmnlotfo covrrhiictinn 1c Aiio 0o lacl nf nwvyioon



Numerical on Engine Performance

1. A Diesel engine has a brake thermal efficiency of 30%.
If the calorific value of the fuel is 42000 KkJ/kg. Find it’s
brake specific fuel consumption.

Givendata:
Ny = 30%
CV.=42,000kJ/ kg

ToFind.
(Nbsfc



Numerical on Engine Performance

wK.t,

mf
bsfc= b—(kg/kW- h)

Answer .
bsf.c=0.2857(kg/kW- hr)



Numerical on Engine Performance

2. The cubic capacity of a 4-stroke over square SI engine is 245 cc.
The over square ratio 1s 1.1 and the clearance volume is 27.2 cc.

calculate the bore, stroke and Compression Ratio (CR) of the engine.
Givendata:

V.= 245¢n7
V.=27.2cmi

‘_1:1_1
L

ToFind:

(/) Bore(d)
(ii) Stroke(L)

(ﬁf)( — Vn‘uax(or)VTora.’ — Vc+ Vs
‘ V V

min c




Numerical on Engine Performance

Solution:

(/) Bore(d)

(/i) Stroke( L)

=£=6.36cm
1.1

(iif)Compression Ratio(r,)

o= Ime - Ve T Ve _qg
ViV

min c




Numerical on Engine Performance

3. A 4-cylinder, 4-stroke SI engine has a bore of 80 mm and stroke of 80 mm.
the compression ratio is 8. calculate the cubic capacity of the engine and
clearance volume of each cylinder . What type of engine is this?

Givendata.
k=4
d=80mm
r.=38

L=80mm

ToFind:
(/) cubiccapacity(V.)

(inV,
(/ii) Typeof engine?



Numerical on Engine Performance

Solution:
(/) cubiccapacity (V)

V=" x i xk
4
=1608.4¢cn? or cc

(/i) Clearancevolume(V.)

V.

'ngvgz
7

(iii) Typeof engine
d=1L
. Soitisa squareengine



Numerical on Engine Performance

4. Compute the brake mean effective pressure of a 4-
cylinder, 4-stroke SI engine has a bore of 150 mm and

stroke of 200mm, which develops a brake power of
73.6 KW at 1200 rpm.

Givendata:
k=4
d=150nm
L =200mm
bp=73.6 kW
N =1200 rpm
ToFind:
() Py e



Numerical on Engine Performance

Solution
Break Mean effective pressure

_ 6000 bp _
oM Ank

52.8x10* (N /nt) = 5.2bar

where
bpinkW

=g for 4- strokeengine



Numerical on Engine Performance

5. An engine is using 5.2 kg of air per minute while
operating at 1200 rpm. The engine requires 0.2256 kg of
fuel per hour to produce an indicated power of 1 kW.
The indicated thermal efficiency of engine is 38% and
mechanical efficiency is 80%. Compute the brake power
of engine and heating value of fuel.

Givendata.
m, =5.2kg/min ToFind:
m, = 0.2256kg/ hr (1) bp (kW)
ip=1kW (i) cv. (kJ/ kg)
N = 38%

n._=80%



Numerical on Engine Performance

Solution:
(/) brake power(bp)

(/i) Heating Value(c.v)

Nim =

ip

=
m, X C.V.

ip
Mg %14,
cVv.=41992.8(kJ/ kg)

CV.=



Numerical on Engine Performance

6. The following results were obtained from a set of trails at full
throttle on a single cylinder four stroke petrol engine working of
constant volume cycle has a bore of 110 mm and stroke 200 mm.
The speed was kept constant at 1500 rpm and the compression

ratio va S e N R N R

ARSI A N FAnll) 0.112 0.111 @ 0.111
Brake torque (N-m) 119.77 135.92 139.32
Frictional torque (N-m) 17.38 18.87 19.28

Calorific value of petrol = 42 MJ/kg. Plot the curves of indicated
mean effective pressure and thermal efficiency with respect to a
compression ratio and obtain the values at compression ratio of
5.5. Also find the relative efficiency at the above compression



Givendata:
d=110mm
L =200mm
N =13500 rpm
CV.=42MJ/ kg

ToFind: (atr,=5.5)
(i) Pf— mean

(DN by

_ Ny
(7iNN .4 =
T Moo

Numerical on Engine Performance

Compression ratio 4.2 5.4 5.8

Fuel consumption (kg/min) | 0.112 |1 0.111 | 0.111
119.7 | 135.9 | 139.32

Brake torque (N-m) / 2

Frictional Torque (N-m) 17.38 | 18.87 | 19.28




Numerical on Engine Performance

Formula:
2rnTNT,
bp = b_(k
P 6U><’IOOO( ")
2N, Compression ratio 4.2 5.4 5.8
fo= 50x1000 (kW) Fuel consumption (kg/min) 0.112 0.111 0.111
: 119.7 1359 139.32
ip=bp+ fp y o ; ,
. : Brake torque (N-m
Indicated Mean effective pressure
£0000x p Frictional Torque (N-m) 17.38 18.87 19.28
X
2= E(N/ )
Ank Brake power (kw)
n, = bp Frictional power (kw)
T mxev. Indicated power (kw)
R
Mre 1 Fuel consumption (kg/s)
‘qoﬂ‘o 1-

(r )H Indi. mean eff pressure (N/m?)
Break Thermal efficiency %



Numerical on Engine Performance

Solutio

B&mpression ratio

Fuel consumption (kg/min)
Brake torque (N-m)
Frictional Torque (N-m)
Brake power (kw)
Frictional power (kw)
Indicated power (kw)

Fuel consumption (kg/s)

Indi. mean eff pressure (N/m?)

Brake thermal efficiency %

4.2 5.4 5.8

0.112 0.111 0.111
119.77 135.92  139.32
17.38 18.87 19.28

18.8 21.4 21.9
2.7 2.9 3.02
21.5 24.3 24.9

0.00187 0.00185 0.00185

906779 1023407 1048597

24.0 27.5 28.2



Brake thermal Efficiency (%)

23{
25{
24{
22{

20

Numerical on Engine Performance

-B-pth_efficiency

==imep /

1080000

1030000

/

- 980000

- 930000

- 880000

imep (N/m2)

- 830000

- 780000

- 730000

4

4.5 3]

Compression ratio

5.5

680000

Answer:(at rc = 5.5)

Brake thermal efficiency = 27.8%
imep = 10.3 bar
Relative efficiency=56.6 %



Engine Performance Curves
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Fig. 16.4 Typical SI engine performance curves



Heat Balance Test



Heat Balalnce

Fuel Air .
Exhaust gases Cooling water
4

1) Dite Aenulnr gzt ol

! Y \

! L EL Lubricating o1l

Engine |
- st E!§
Cooling water |

e — — —_— — — J—

Lubricating 01l «—— |~ Crankcase and wall radiation



Heat Balance Representation-Sankey Diagram

bp 20%
i
||
Surrounding 1.2 ﬁhh‘\i
_‘H\, h‘x_ 1 !
, \
\ | &
\ 1 i
£ N\
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\H' e
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LY
.
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Heat from fuel 100%



Heat Balance for Petrol and Diesel Engine

Engine speed M= 2500 G
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7. In a test of engine under full load condition the following result were

obiIndicated power 33 kW
Brake power 27 KW
Fuel consumption 8 kg/hr
Cooling water flow rate 7 kg/min
Inlet temperature of cooling water 15°C
Outlet temperature of cooling water 75°C
Rate of flow of water through gas calorimeter 12 kg/min

Inlet temperature of water to exhaust gas calorimeter 15°C
Outlet temperature of water to exhaust gas calorimeter 55°C

Room temperature 17°C

Final temperature of exhaust gas 80°C
Calorific value of fuel 43 MJ/kg
Air fuel ratio on mass basis 20

mean specific heat of exhaust gas 1 kJ/kg-K
Specific heat of water 4.18 kJ/kg-K

Draw up a heat balance sheet and estimate the thermal and mechanical

L
’\m PN N WA U W SN N



Solutio
n

Numerical on-Heat balance

Heat Input

kl/min

Heat expenditure

kJ/min

%

Heat supplied by fuel

(i) Heat equivalent of bp

(ii) Heat lost to cooling water

(iii) Heat lost in exhaust gas

(iv) unaccounted losses

Total




Numerical on-Heat balance

Heatsup plied(Q.)

Q.=mxCV.= % x 43000 = 5733.3(kJ/min)

Heatexp enditure:

Q,, = Heatequivalent of bp=27x60=1620(kJ/min)

Q., = Heat carried away by cooling water = m,, c,(T,, - T.)=7x418x(75- 15) =1755.6(kJ/min)

Q.. = Heatlosttowater inexhaust gasincalorimeter = m,, c (T, - T,) =12x4.18x%(55- 15) = 2006.4(kJ/min)
Q.. = Heatlostinexhaust gas= m, ¢, (T, o= Toom) = 2.8x1%(80- 17) =176.4(kJ /min)

Q. =Q., +Q., =20064+176.4=2182.8(kJ/min)

Total heat Spent = Q,, + Q,,, + Q., =1620+1755.6 + 2182.8 = 5558.4(kJ / min)

Q, =0.- (Q,+Q.,,+Q.)=5733.3- 5558.4=174.9(kJ/min)



Numerical on-Heat balance

Q Massof exhaust gas(m,)=m,,, +m,,

-8 1 20x 8 = 28(kg/min)
o 60 60
Efficiencies:

MNin = L 57:?3:;k3w *100=34.5%

60

bp 27 kW
— = - %
Nan="0 = 57333, < 100=28.3
R P

60

n =P =27 4100=81.8%

ip



Numerical on-Heat balance

Heat Balance

heet

Heat Input kJ/min Heat expenditure kJ/min %

(i) Heat equivalent of bp 1620 28.2
. 5733.3 |,.. .
Heat supplied by fuel o, (i) Heat lost to cooling water 1755.6 30.6
(100%)

(iii) Heat lost in exhaust gas 2182.8 38

(iv) unaccounted losses 174.9 3
Total 5733.3 99.9




A 4-stroke SI engine has six cylinders, each cylinder has 8 cm bore
and 10 cm stroke. The engine is coupled to a brake having a torque
radius of 40 cm. At 3200 rpm, with all cylinders operating the net
brake load 1s 350 N. When each cylinder in turn i1s rendered
inoperative, the average net brake load produced at the same speed
by the remaining 5 cylinders is 250 N. Estimate the indicated mean
effective pressure of the engine. With all cylinders operating the fuel
consumption is 0.33 kg/min; calorific value of fuel is 43 M]J/kg; The
engine cooling water flow rate and temperature rise is 70 kg/min and
10°C respectively. On test, the engine 1s enclosed in a thermally and
acoustically insulated box through which the output drive, water,
fuel, air and exhaust connection pass. Ventilating air blown up
through the box at the rate of 15 kg/min enters at 17°C and leaves at
62°C. Draw up a heat balance of the engine on minute basis stating
the items as a percentage of the heat input.(Take, specific heat of



Numerical on-Heat balance

A 4-stroke SI engine has six cylinders, each cylinder has 8 cm bore and 10 cm stroke. The
engine is coupled to a brake having a torque radius of 40 cm. At 3200 rpm, with all
cylinders operating the net brake load is 350 N. When each cylinder in turn is rendered
inoperative, the average net brake load produced at the same speed by the remaining 5
cylinders is 250 N. Estimate the indicated mean effective pressure of the engine. With all
cylinders operating the fuel consumption is 0.33 kg/min; calorific value of fuel is 43 M]J/kg;
The engine cooling water flow rate and temperature rise is 70 kg/min and 10°C respectively.
On test, the engine is enclosed in a thermally and acoustically insulated box through which
the output drive, water, fuel, air and exhaust connection pass. Ventilating air blown up
through the box at the rate of 15 kg/min enters at 17°C and leaves at 62°C. Draw up a heat
balgnce of the engine on minyfe pasjs stafing the items as a percentage of the heat input.
(Tgke, specific heat of water 3864]l=8 %}5 and specific lgeat ehagiay 4008 k]/kg-k).

BoreDZEim? ngw=70kg;’mln C,u—af'r:‘l'OOSkJ’{kg_ K

Stroke L =10cm AT =10°C

Radiusof drum=40cm Ventilating air ToFind-

N =3200rpm m =15kg/min Np. .

(W- 5),=350N L in=17°C (i) Heat balance sheet (kg / min)

(W- S5),. =250N .

air- out

=62°C



Numerical on-Heat balance

Formula:

_2nNT _2nN(W- S), %R

/) bp, = K
1) bp, 60, 000 60, 000 (kW)

2nNT _2nN(W- S), xR
Nbp, .= = k] k
1) b 60, 000 60, 000 (kIY)
ip, = bp, - bp,.,
Ip=ip X6

_ ipx 60,000

- mean [ Ank



Numerical on-Heat balance

Solution:

_2nNT _2nN(W- S), xR

) bp, = = 46.91(k
() bp, 60,000 60,000 (kIY)
(i) bp, . = 2nNT _2nN(W- 5), R=33.51(kW)

60, 000 60,000
ip =bp, - bp,_, =13.4kW
ip=ip *x6=_80.4kW

_ ipx 60,000

Do = =9.99%10° N/ nt =9.99 bar
LAnk




Numerical on-Heat balance

Solutio
(')Qn C.V.(kJ/min) bp (kW)

N, =mxC.V. min % — % 100%
(i) Heat lost to cooling water (iN%Q,, = bp(kW) . 100%
Qur = Moy T Ty o) (kI /i) " i

_bp
% = xT100%
(I”) Ov— air QS(kW)

(/ii) Heat lost to ventilating air _Q,-(Q,+Q,,*0Q,.)

QV- air = n%fr Cp- air ( 7;:.1?- air ~ 7f-'n- afr) (kJ/mI n) (IV) % OU” - O x100%




Heat Balance Sheet

Heat Input kJ/min Heat expenditure kJ/min %
(i) Heat converted into bp 2814.6 | 19.8
Heat 14190 |[(ii) Heat lost to cooling water 2926 20.6
sup;f;lI;:Id by (100%) (iii) Heat lost to ventilating air 678.4 4.8
54.8
(iv) unaccounted loss 7771
Total 100%




Numerical on-Heat balance

Answer
S:

BPg = 46.91 KW, BPg; = 33.51 kW

IPx = IP1+IP2+IP3+IP4 = IP1x 4 = 80.4 KW

imep = 10 bar

Heat balance on minute basis:

(1) Heat supplied by fuel = 14190 kJ/min (100 %)

(11) Heat converted into BP = 2814.6 kJ/min (19.8 %)
(111) Heat lost to cooling water = 2926 kJ/min (20.6 %)
(1v) Heat lost to ventilating air = 678.4 kJ/min (4.8 %)

(v) Unaccounted loss = 7771 kJ/min (54.8 %)



Numerical on-Heat balance

A full-load test was conducted on a two-stroke engine and the following results were obtained:

B aoem
" Wean effective pressure [T

" Fuclconsumption PP

" Golorificvalueoffuel_ [MIPETOT
| Coolingwaterflowrate [PV
" Arusedforkgorfuel  [MUEY®

" Specifc heat of exhaustgos [IEROR
[ Specificheatofwater_ [IPRTIYIS.

Find the ip, bp, and draw up a heat balance sheet for the test in kJ/h.



Answer:

Qs=1.7x 10°

Qbp=38340 kJ/hr=22%

Qcw=50787 kJ/hr =29.8%
Qex=49600 klJ/hr =28.4%
Qun=31323 kJ/hr =19.8%

Ip =31.4 kw



Measurements and Testing



Measurements Brake power

«* Brake power is the measure of the power output of an engine or motor.

o It is typically measured using a dynamometer, which is a device that applies
a load to the engine and measures the resulting torque and rotational

speed.



Principle of dynamometer and types

¥Js ¢ Types of dynamometers

1. Absorption type
(i) Pony brake

(ii) Rope brake

o (iii) Hydraulic

. | (iv) Eddy current

Coupling force

Counter
balance weight

2. Transmission type
Moment (or) Torque =S x L .
(or) a -power transmitted to generator etc.,
Work done / revolution = 2mSL
Work done per minute = 2rSL x N

Bp = 2rNT/60000 (kW)



Rope Brake Dynamometer

Hydraulic Dynamometer

Water mlet ——= E_

Wailcer outlet =+—— 6 :

Casing

Sluice gates for
load control

Shaft bearmg

&, Y S —,
e
.-";':'fl
1,rl.’ ’ | Water inlet holes in vanes
\ } I |
b s e 99,7 » |
,”'." , N % A Casing trunnion beanng ]
".-f{ /I::"'I N . \ 1
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rd /_] . :
(1 'y \ -
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V/ | 2
Cooling water "..; -
W o
- Weight

Bp =211 N (W-S) x r/ 60 (w)

H‘ﬂ*«m«.&\ B @1&1&11‘":‘-. N




Eddy Current Dynamometer
\}""-.
@ Torque weighing dial Advantage,

\/ Conl
Water mlet Stator

-Measure High power /weight

®
‘ Rotor
N
N Shaft bearing
Shafl -
{
L umnf
|. — trunnion
N E § bearing
N
Water
<

oullet



Numerical on Brake Power

A single-cylinder, four stroke cycle oil engine is fitted with a rope brake. The diameter of the
brake wheel is 600 mm and the rope diameter is 26 mm. The dead load on the brake is 200

N and the spring balance reads 30 N. if the engines runs at 450 rpom, what will be the brake
power of the engine?

L

L

TS
Fa

Givendata: gbal
D,=600mm=06m  Formula: W A
d o = 26mm=0.026m e SN
W= 200N (i) bp= 2nNT =4t ; Lol 4
N = 450 rpm I'= Loadx Perpendicular distan ce R
T=(W- 8x(R+r) 4w
Find: —

(/) Brake power



Numerical on Brake Power

Solution:

2nNT ¥ ¥
/) bp=

() bp 60, 000
Where ==
I = Loadx Perpendicular distan ce s O) 1 i

T=(W- S)x(R+r)=5321(N.m=J) 72

pp=2NT _ o 5uw
60, 000




Numerical on Brake Power

The power output of an |.C. engine is measured by rope brake dynamometer. The diameter
of the brake pulley is 700 mm and rope diameter is 25 mm. The load on the rope is 50 kg
mass and spring balance reads 50 N. The engine running at 900 r.p.m. consumes fuel of
calorific value of 44000 kJ/kg, at a rate of 4 kg/h. Assume g = 9.81 m/s*. Calculate,

(i) Brake specific fuel consumption (ii) Brake thermal efficiency

Givendata:

b\
A\ Spring balance

aF A A
M 4 }F

D,=700mm=0.7m Find:
d..=25mm=0.025m 11~

W=50kg (I) bsfc

S=50N ii I\
N=900r.p.m ( )UMh R

C.V.=44,000kJ/ kg #
m, = 4kg/h=000111kg/ s J

[ f ~\ A\
|, \ v/ .

£ =

Il
Lt



Numerical on Brake Power

Formula:
m
/) bsfc= —-
(7) b
Where bp nx Nx(W- S)(D,+d) _2nNx(W- S)(R,+r)
60, 000 60, 000
y b b
(i) ey = = — 2

Q. mxCV



Numerical on Brake Power

Solution:
(1) bp = (W- S)rn(D,+d)x N _ (50x9.81- 50)x (0.7 +0.025) x 900 15 05 kW
60, 000 60, 000
m 4
bsfo= — = =0.266 (kg/kW- h
¢ bp 15.05 (kg7 ")

bp bp 15.05

iy = — = = =30.78%
QU Q. m,xC.JV. 0.00111x44,000




Numerical on Performance of Engine

A 4-cylinder, 4-stroke S.I. Engine has a compression ratio of 8 and bore of 100 mm, with
stroke equal to the bore. The volumetric efficiency of each cylinder is 75%. The engine
operates at a speed of 4800 rpm with an A/F ratio of 15.

Take calorific value of fuel is 42 MJ/kg, air density is 1.12 kg/m3, mean effective pressure in
the cylinder is 10 bar and mechanical efficiency of the engine 80%, determine indicated

thermal efficiency and brake power of the engine. (GATE Question)

Givendata:
k=4 C.V.=42,000k// kg F;nd
r,=8 0. =1.12kg/n?
D=L=100mm Pean, = 10 bar (’)r}frh
n=75%% n_=80% ;

. ii)b
N=4800r.p.m ( ) p

A/F =15



Numerical on Performance of Engine

Formula:
ip _ ip
Q. mxCV 2. Brake power (bp)

_bp
pLANK (kW) n, = - =
60000 P

bp=ipxn,,

1'!?:!."'.' =

() ip=

(if)Massof fuel:
A/F="5 i

m Al F
Massof air:

— Vacf— air
N = =

V.

llr‘r".ﬁh:l'-.alrr = I"";'x'r?vd ={%dﬁx ka} xnm"x N(Iﬁfmln)

fT-'5|= Il"fac!-afrxpafr (.’Tff&j



Numerical on Performance of Engine

Solution: 2. Brake power (bp)
(1) ip=PLANK (kW) =125 66 KIY n =P
6000 Ip
(/i) Massof fua’ ; bp=ipxn,
Massof air : =125.66% 0.8 =100.53 kW

n.-;-_h' = V&C‘? air -

i T

V.. =Vxp, :[%aﬁx .L:-:ka] xn.., =11.309n7 /min = 0.1885n7 / s

m=V_ . xp. =009425x1.12=0.21kg/s

AJ{F_E s m,n’: n!i :Dzdl :DD‘Id-ng'"IS
m, A/F 15
p__ip _ 12566 . .00-91379

-1 ”Jm
Q. mxClV. UDU?MHﬂrZ 000



Measurements of Frictional Power

Frictional power is the power lost by an engine due to friction
between its moving parts. There are several methods to find the
frictional power of an engine, including:

1. Willian’s line method

2. Morse test

3. Retardation test

4. Measurements of I.P. an B.P.

5. Motoring test



¢
%

N/
%

1.Willian’s line method

William's line method is a graphical
method used to determine the frictional
power (FP) of a reciprocating engine.

The Willan’s line  represents the
relationship between fuel energy input
and engine output.

Extrapolation to a zero line of fuel input
provides a useful approximation of the
mechanical losses. Linearity of these
curves is assumed in the range from low
load downward to a hypothetical zero
value of the indicated work.

Fuel conmarplion ——»

-
"
L
A
o
'
'

il

) Cp—

Fig Willans line methed.



2. Morse Test

If there are ‘k’ cylinders, Ip+ip, +........... +ip, = zk bpk t fpk (1)
1
If first cylinder cutoff, it will not produce power but it will have friction, thus
7o N +ip, = zz bp, + 1o, (2)
Subtracting (2) from (1)
k k
P = Z bp, - Zz bp, (3

smilarly,ip,, ip,, ...ip, canbe found

~ e =(ip tip +.tip) - bp,

When all cylinders are working, it is possible to measure ‘bp,” using dynamometer.



Numerical on Morse Test

1. A gasoline engine working on 4-stroke develops a brake power of 20.9 kW. A morse
test was conducted on this engine and the brake power (kW) obtained when each
cylinder was made inoperative by short circuiting the spark plug are 14.9, 14.3, 14.8 and
14.5 respectively. The test was conducted at constant speed. Find the indicated power,
Mechanical efficiency, and brake mean effective pressure when all cylinders are firing.
The bore of the engine is 75 mm and stroke is 90 mm. Assume N = 3000 rpm.

Givendata.

B, =20.9 kW To find:

bp,,, =14.9 kW 1. Indicated power(kW)

b, =14.3kW 20 .

bp,,, =14.8kW

bp,, =14.5kW 3P e

d=75mm |

L=90mm =

N =3000rpm



Formula:
1. Indicated power

Ip, = BPysy - Oz
IP, = BPiysy - OPy3
IPs = DPiysy - Py,
IPy = DPiysy - BB

ip=ip tip,tip;tip,

Numerical on Morse Test

2. Mechanical efficiency

3. Brakemean effective pressure

P

b- mean

_ bp( kW) x 60, 000
L Ank




Numerical on Morse Test

Solution:
1. Indicated power 2.Mechanical efficiency

s =2 = =833
ip = BPyss - Py, =6 KW ‘P '

"' Pz = DPrzz - DPray =6.6kW 3.Brakemean effective pressure
iD; = BPigsy - Py =6.1KW bp(kW)x 60,000

iPy = DPiygys - By =6.4kW b e = LAnk

= 5.25bar

ip=ip +ip, +ip,+ip, = 25.1kW



Numerical on Morse Test

2. A 4-cylinder engine running at 1200 rpm delivers 20 kW. The average
torque when one cylinder was cut is 110 N-m. Find the indicated thermal
efficiency if the calorific value of the fuel is 43 MJ/kg and the engine
consumes 360 grams of gasoline per kW-hr power output.

Givendata:

bp =20 kW To find

N =1200rpm n. = ip
Tag =110N- m( for 3cylinder) m.xC.V.
C.V.= 43MJ/ kg

bsfc=360g/kW - hr



Numerical on Morse Test

. Ifs,
Solution:n., =
T m,xC.V.

(/) Indicated power
Averagebrake power for3- cylinder
2 NT,
bp,., = -l
Pt = 750,000
Averageindicated power for1- cylinder
Py = BBy, - BPss
ip(4- cylinder) = 4xip

(if) Massof fuel(m,): bsfc= Ty - m, = bsfex bp
f b f
D



Numerical on Morse Test

Solution:
(/) Indicated power
Averagebrake power for3- cylinder
2T NT

bp.., = 29 =13.82(k
Prs 60, 000 (kW)

Averageindicated power for1- cylinder
ipy = bPyysy - Doy =6.18(kW)
ip(4- cylinder) = 4x6.18 = 24.72 (kW)

(if) Massof fuel(m,): bsfc= % - m, = bsfcx bp
D

= 0.36 (kg / kW - hr)=20(kW)
= 0.002(kg/ 9

p
m.xC.V.
24.72(kJ/ 9)

(i) Ny, =

" 0.002(kg/ 9 < 43000 (kJ/ kg)
= 28.74%



3. Retardation Test

** The retardation test is a useful tool for measuring the frictional losses in an engine's

drivetrain and for identifying any potential problems or inefficiencies.
Procedure:

«» Retarding the engine by cutting the fuel supply

¢ Engine running at no load (steady operating conditions)
fuel is cut off, and time of fall in speed i.e. 20%, 40%,

60%, 80% of the rated speed is recorded.
N
& Test is repeated with 50% load on the engine. PN I ad
. . , 0 | 50% /
 t,,t; for fall of 100 rpm is noted for no load and with 0 | load 3
50% load tests. 2
t3 t2
«* Frictional torque and frictional power are calculated as [

Time
shown below.



3. Retardation Test

Assumption:
Moment of Inertia of the rotating parts are constant throughout the test.

Torque = M.I. x Angular acceleration

Let,
where m- Massof rotating part T, = Frictional torque

k = Radiusof gyration T) = Load torque
[ Under no load the torque =T

onrearr 3ngfng eqn(1), we get 0 With load the torque = T#+Tf
dw dt
N L

T
(w, - oq)—m(rz- ) R (2)

At no load t,= 0 (starting) so Eqn (2) becomes (wz i ) = mik2 (tz ) 0) ---------- (3)



3. Retardation Test

Tf
(8 O3

At no load t;= 0 (starting) so Eqn (2) becomes (CUZ - 0(4) =

The reference angular velocity, Wy is that at say 1000 rpm,
the time for the same range of speed at load

(@ @)= O () mofme %
W - W)= oy L-0)............. e /

Eqn(3) = Eqn(4) ek GRS
T, LT ts t2

T (t)=T(t)+T/(t)

Speed




Numerical on Retardation Test

1. The observation recorded after the conduct of a retardation test on a single-
cylinder diesel engine are as follows.

Time taken (t,) for drop in | Time taken(t;) for drop in
Drop in speed speed with no load speed with 50% load
rpm S S
1 475-400 (75 rpm) 7 2.2
2 | 475-325 (150 rpm) 12.5 4.8
3 475-250 (225 rpm) 18.9 7.2

The engine rated power is 8 kW and rated speed is 475 rpm. Calculate frictional
power and mechanical efficiency of the engine.



Drop 1n speed (rpm)

250

225

Numerical on Retardation Test

15

-c::-tﬂn ==

From graph,

10

150

Time (s)

15

225

20

—a— Mo Load

—g—50% Load

Time for fall of 100 rpm with no load, (t,)=8 s
Time for fall of speed 100 rpm with 50% load (t; )=3.4 s

Formula:

I =

. t

50% load | & 4
” rz'ta

1

T2 10ad = E T tt10ad

bp =

21tNT 41 16ad

60000

2nNT,
60000

|

(kW)

_ hpx 60000

full load —

2N



Numerical on Retardation Test

Answers:

_21NT g T _ bpx 60000

P e0000 e T T onN

1
T 1080 = E T 11009 = 80.4(N - m

=160.8(N- m)

Te = Tsgg, 10ad 1‘-%] 59.4(N- m

21

()F.P=" "1 kw) = 2.95kw)

bp__ P _ 73034
ip  bpt 1o

(iNn, =



