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Introduction and Basic Concepts

CHAPTER

Practice Questions : Level-I

m An automobile engine operates at a fuel air ratio of 0.05, volumetric efficiency of 90% and indicated
thermal efficiency of 30%. Given that the calorific value of the fuel is 45 MJ/kg and the density of air at
intake is 1 kg/m3, what will be the indicated mean effective pressure?

Solution:
Actual volume ~ V,
Volumetric efficiency = =——— = -2 =0.9
Swept volume  V,
or V,= 0.9V,
Mass of air, m, = p,V,=09V, (p,;, = 1 kg/md)
m, = 0.05x 0.9V, = 0.045V,
Prmep X LA
T]thermal = my x C.V.
x V.
0.3 = P X%
0.045V, x45x10
or p,, = 0.6075 x 10° Pa = 6.075 bar

The brake thermal efficiency of a diesel engine is 30%. If air to fuel ratio by weight is 20 and calorific
value of fuel is 41800 kJ/kg. Find brake mean effective pressure at STP (15°C and 760 mm Hg).

Solution:
Brake thermal efficiency = __BR
Thermal power
BP.
03 = ___ B~
mxCV. M 41800
20
BP.x 20 BP. .
ma = —X - kg/s (I)

0.3x41800 627
Assuming volumetric efficiency 100%
pVg = m, RT

0.76 x 136 x 108 x 9.81 x Vg = % x 287 x 288

. BP.
Brake mean effective pressure = Vo
s

0.76 x13.6 x 10° x 9.81x 627

= kPa = 7.69 bar or 5765.1 mm of Hg
287 x 288
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A 42.5 kW engine has a mechanical efficiency of 85%. Find the indicated power and frictional power.

If the frictional power is assumed to be constant with load, what will be the mechanical efficiency at
60% of the load?

Solution:

BP _ 425
n, 085

=50 kW

Indicated power, I.P.

Frictional power = |[P— BP =50-425 =75 kW

Brake power at 60% load 42.5 x 60 = 25.5 kW

BP 255

= =0.773=77.3%
BP+FP 255+75

Mechanical efficiency, n,,

m A four cylinder 4-stroke diesel engine has a bore of 212 mm and stroke 292 mm. At full load at 720 rpm
the Brake mean effective pressure is 5.93 bar and specific fuel consumption is 0.226 kg/kWH. The air
fuel ratio as determined by exhaust gas analysis is 25 : 1. Calculate the brake thermal efficiency and
volumetric efficiency of the engine. Atmospheric conditions are 1.01 bar and 15°C. The calorific value
of fuel may be taken as 44200 kJ/kg.

Solution:
Given data: n=4 d=212mm; I1=292mm; N=720rpm; p, . =593bar
SFC = 0.226 kg/kW hr.;  A/F =12, C.V = 44.2 MJ/kg; P=1.01bar, T, = 288 K
593x10° x 0.292 x /4 x 0.2122 x 4x(@)
pp = PomtANKE = 146.69 kW
P = 60000x2 60000 -
_ _bpo
nbth - mf XCV
m, = 0.226 x 146.69 = 33.15 kg/h
no = 146.69x3600 _ ) ox_ agop
bth = 33.15 x 44200
1.01x10°
p = %=m= 12219kg/m3
A 25
= =
= m, = m; x25=2828.75kg/h

Volume flow rate at intake condition:

MAT _ 82875 1 _ 44 300m3/min

Va = "5 12219760

. LNK
Vy = 0P 5 = 7 x02122x 0,292 x 360 x 4 = 14.84 m¥/min
n = Yayq00=11399 400 = 76.15%

VT, 14.84
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m The output of an engine is given as input to an agricultural pump set. The pump is used for lifting water
from a depth of 30 m at the rate of 200 litres/minute. The transmission efficiency between the engine
and the pump is 100% and the pump is considered to be 100% efficient. The brake thermal efficiency

of the engine is 35%, the calorific value of the fuel is 43 MJ/kg, the cost of fuel is ¥ 53.00 per litre and
the density of the fuel is 780 kg/m3. Estimate the running cost of the fuel for 1000 m? of water lifted.

Solution:
. . 1000 % 9.81x 200 1072 x 30
Power required to lift the water = pgQH = 1000 %60 =0.981 kW
(0.981) x (1000) x (60)
Brak k =P i = =294.3MJ
rake work done = Power x time 500 % 10°
. Brake work done
Brake thermal efficiency = Calorific value x Mass of fuel
294 .3 x1
= 035 = 43%Mass of fuel
= Mass of fuel = 19.55kg

Massof fuel ~ 19.55
Density of fuel 780

Running cost of engine = 25.07 x 53 =¥ 1328.7 only

Volume of fuel = = 25.07609 litre

m A single cylinder 4-stroke Sl engine is producing 100 kW power at an overall efficiency of 20%. Engine
uses fuel-air ratio of 0.07. Determine how many m3/hr of air is used if air density is 1.2 kg/m3. The fuel
vapour density is 4 times that of air. How many m3/hr of mixture is required? Calorific value of fuel is
42000 kJ/Kkg.

Solution:

BP

Overall efficiency, n, = OV
i

BP 100

= = 0.012 kg/s
n, XCV  0.2x42000

mf=

1.2 kg/m3
Fuel vapour density, p, = 4 x 1.2 = 4.8 kg/m3

Air density, p,

Fuel mass flow rate, m;, = 0.012 x 3600 = 43.2 kg/h
F/Aratio = 0.07

my

y i = ——=617.143 kg/h
m, (Air flow rate) 0.07 g/
. ~ Massflowrate  617.43 .
Volumetric flow rate of air = —Density =35 - 514.525 m°/hr
Volumetric flow rate of fuel = —- = 23—82 =9 m3/hr
¢ .

Volumetric flow of fuel mixture = V, + V; = 514.525 + 9 = 523.525 m3/hr
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Practice Questions : Level-li

A six cylinder 4-stroke diesel engine has a bore of 60 mm and a crank radius of 32 mm. The compression
ratiois 9 : 1 and engine volumetric efficiency is 90%. Determine: (i) Stroke length, (ii) Mean volume per
cylinder, (iii) Swept volume per cylinder, (iv) Clearance volume per cylinder, (v) Cubic capacity of the
engine, (vi) Actual volume of air aspirated per stroke in each cylinder.

Solution:
Stroke length, L = 2 x crank radius = 2 x 32 = 64 mm Ans.(i)
= 2LN 1000 128
i V = - _ = 73 —_— = —— _ = . . i

Mean piston speed, V, 50 2x64x107 x 0 50 2.13 m/s Ans.(ii)
Swept volume per cylinder, V, = %D2L = %X 6° x6.4 =180.956 (cm)® =181 cc Ans.(iii)

V. +V V.,

Compressionratio, r = =—% = -2 +1
VC VC
V, 181 _
Clearance volume, V,_ = 1 T 9.1 22.625cc Ans.(iv)
Cubic capacity of the engine = Number of cylinder x Swept volume

=6 x 181 =1086 cc Ans.(v)

Actual volume flow rate of air
Volume flow rate of air corresponding to displacement volume
N
2x60

Volumetric efficiency =

. T o
Vv, anZD Lx

1000
2x60

1.357 x 103 m3/s = 4.8858 m3/hr Ans.(vi)

0.9 x g x (0.06)% x 0.064 x

m A three litre V 6 S.1. engine operates on a four stroke cycle at 3600 rpm. The compression ratio is 9.5,
the length of the connecting rod is 16.6 cm and the engine is square (bore = stroke). At this speed, the
combustion ends at 20° ATDC. Calculate:

(i) cylinder bore and stroke length (ii) average piston speed

(iii) clearance volume of one cylinder (iv) piston speed at the end of combustion
(v) distance the piston has travelled from TDC at the end of combustion.

(vi) volume in the combustion chamber at the end of combustion.

Solution:
Given data: Sweptvolume; V,=3x 103 m3 Number of cylinders; k=6,
N = 3600 rpm; Compression ratio, r= 9.5,
(i) Swept volume per cycle = Total swept volume ~_ v
P PEreyeie = Number of cylinders = k
V, 3x1073 n
Vs,percy| = ES: 6 m3=ZD2><L
3x1072 T 3
= —D ° =
6 4 (-Db=0)
= D= [ =0.086 = 8.6 cm; crank radius = r_,

r,=—-= 4.3 cm

N |~
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.. ) — 2xLxN
(ii) Average piston speed, V,, = 60
= 2x0.086x 220 _10.32 m/s
60
Vi +V,
(iii) =95= "y
= Vc, per cylinder = 59cm?® g
Vc, total — Vc, per cylinder x 6 =354 Cm3
(iv) x = (L, +r,)—[r,cos6+L, cosB] ..(1)
n= Lor = 3.86
rCf
o= 2nﬂ= 2nx@= 120 = rad/s
60 60
. B sin® _ sin®
I YT
At 6 = 20°, B=5.083°

x = (L, +r,)—Ir,cos6+L, cosP]

Jn? —sin? e}

n

- (L

or T 1

cr

) — [rc, cose+L,,

(Ly + 1)~ 1y L0OSO + VP —sir?e ]

dx . 1 .
_ —=-r|-sinf+ 7(—23|necose):|m
o= at [ 24n® —sin?@
. sin6coso
= I, |8iN0 + — (2
Jn® —sin®
At 6 = 20° V, =6.89 m/s
(v) Distance from TDC,

From equation (1), x =[16.6 + 4.3] - [4.3 cos 20° + 16.6 cos 5.083°] = 0.3246 cm

(vi) Volume in the combustion chamber at the end of combustion

V=, + %sz = 59+ %(8.6)2 x 0.3246 = 77.9 cm?®

m A six-cylinder, 4-stroke petrol engine has a swept volume of 3 litres with a compression ratio of 9.5.
Brake output torque is 205 N-m at 3600 r.p.m. Air enters at 85 kN/m2 and 60°C. The mechanical
efficiency of the engine is 85% and air-fuel ratio is 15 : 1. The heating value of fuel is 44,000 kJ/kg and
the combustion efficiency is 97%. Calculate:

(i) Rate of fuel flow (ii) Brake thermal efficiency
(iii) Indicated thermal efficiency (iv) Volumetric efficiency
(v) Brake specific fuel consumption

Solution:
Given data: No. of cylinders, k = 6; 4-stroke, petrol engine; Swept volume, V, = 3 x 108 ms3;
Nxk

=0.09 m%/s: i o, r=9.
5360 /s; Compression ratio, r=9.5,

Rate of volume swept, V; =V,





