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DETAILED EXPL ANATIONS

2. (d)

Initial efficiency, ηi = ( ) 1
11

r γ−−  = ( )0.4
11

10
−  = 0.60189

η i = 60.19%
When γ decreases by 1.5%, value of new γ is:

γn =
( )100 1.51.4

100
−×  = 1.379%

New efficiency is

ηf =
( ) ( )1 0.379

1 11 1 0.5822
10nr γ −− = − =

ηf = 58.22%

So, change in efficiency is =
58.22 60.19

60.19
−

 = –0.0327 = –3.27%

Efficiency decreases by 3.27%.

3. (d)

As ηOtto = ( ) ( ) ( )1 1.4 1 2 /5 1/5
1 1 1 11 1 1 1 0.5

5.7 5.7 32.49rγ− −− = − = − = − �

Also η =
s

W
Q  = 0.5

⇒ W = 350 × 0.5 � 175 kJ

4. (d)

As ηm =
. .
. .

B P
I P or =  

. .
. . . .

B P
B P F P+  = 0.85

As friction power, (F.P.) = 30 kW

⇒
. .

. . 30
B P

B P + = 0.85

or B.P. = 170 kW
⇒ I.P. = B.P. + F.P. = 200 kW

5. (c)
Orsat apparatus is used to determine products of only dry constituents of combustion by volume.

6. (a)
Heat input = 46000 × 0.2 = 9200 kJ/min

Brake power = 40 kW = 2400 kJ/min
Heat loss in cooling water = 1600 kJ/min

Other combined heat losses= 9200 – 2400 – 1600 = 5200 kJ/min
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8. (a)
As the compression ratio increases the pressure also increases and so does the temperature. With
increased temperature the auto ignition temperature of the fuel is reached and this causes fuel to
ignite and this causes detonation in SI engines.

9. (d)
T1 = 293 K, r = 8

1

2

3

4

P

v

P1 = 1 bar
T2 = T1 × (r) γ – 1

= 293 × (8)1.4 – 1 = 673K
Net heat addition during 2 –3 = Cv(T3 – T2)
⇒ 1800 = 0.718 (T3 – 673)
⇒ T3 = 3180 K
Also, P2 = P1(r ) γ = 1 × (8)1.4 = 18.38 bar

Now, P3 =
3

2
2

318018.38
673

T P
T

× = ×  = 86.8 bar

10. (c)

η1 = ( ) 1
11

5 γ−−  = ( )0.4
11

5
−  = 1 – 0.5253 = 0.4747

η2 = ( ) ( )1 0.4
1 11 1

7 7γ−− = −  = 1 – 0.491 = 0.5409

% increase =
2 1

1

η − η
η  = 

0.5409 0.4747
0.4747

−
 = 0.139 � 14%

11. (d)
T1 = 27 + 273
T1 = 300 K

P

v

1

2

3

4

2

1

T
T =

( )1 /
2

1

P
P

γ− γ 
 
 

2

1

T
T

= (12)(1.4–1)/1.4

T2 = 610.181 K
as 2 – 3 constant volume process

2

3

P
P

= 2

3

T
T
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T3 =
3

2
2

P T
P

×  = 
35 610.181
12

×

T3 = 1779.694 K

r =
1/

1 2

2 1

V P
V P

γ 
=  
 

r = 5.899

ηotto =
( ) ( )1 1.4 1

1 11 1 0.508
5.89

net

s

W
Q r γ − −= − = − =

Qs = cv (T3 – T2) = 0.718 × (1779.69 – 610.18) = 839.71 kJ/kg
Wnet = Qs × ηotto = 839.71 × 0.508 = 426.58 kJ/kg

Wnet = 1
11imepP v
r

 × −   ;
2

1 2 1
1

1s
vv v v v
v

  = − = −    

426.58 = 1

1

11
5.89imep

RTP
P

 × −  

426.58 =
0.287 300 11

100 5.89imepP ×  × −  

Pimep = 586.77 kPa = 5.96 bar

12. (c)
At full load:

bp + fp = 40 kW ...(1)
at half load, bp = 0.5 × bp at full load

ηm = 0.65 = 
0.5

0.5
bp

bp fp
×
+

0.5bp = 0.65(0.5bp + fp)
0.5bp = 0.325bp + 0.65 × fp

fp =
0.175 0.27
0.65

bp bp× =

Put in equation (1)
bp + 0.27bp = 40

bp = 31.5 kW
fp = 8.5 kW

Mechanical efficiency at full load, ηm = 
31.5
40

bp
bp fp

=
+

ηm = 78.8%
Indicated thermal efficiency at full load

ηith =
0.3

0.788
bth

m

η
=

η  = 0.381 = 38.1%
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13. (a)
Air standard efficiency for petrol engine,

ηair =
( ) ( )1 1.4 1

1 11 1
8r

γ− −− = −

ηair = 0.56472
ηindicated = ηair × ηrelative

= 0.56472 × 0.90
ηindicated = 0.50825
ηbrake = ηindicated × ηmechanical

= 0.50825 × 0.75
ηbrake = 0.38119

Brake specific fuel consumption

BSFC = 3
brake

3600 3600
0.38119 40 10CV

=
η × × ×

BSFC = 0.2361 kg/h-kW

14. (a)
T1 = 15 + 273 = 288 K

1

2

3

4

P

v

1

2

V
V = 8 (Given)

Now, T2 =

1

2
1

1

PT
P

γ−
γ 

×  
 

T2 =
( )1

1
1

2

VT
V

γ− 
×  
 

T2 = 288 × (8)1.4 – 1 = 661.65 K
Heat supplied = Cv[T3 – T2]

⇒ 1000 = 0.718[T3 – 661.65]
⇒ T3 = 2054.4 K or 1781.4°C

15. (c)

Va = 2 225 37.5
4 4

d Lπ π= × ×  = 18407.8 cc

r =
18407.81 1 13.27

1500
s

c

V
V

+ = + =

η = ( )1
111
1

c

c

r
rr

γ

γ−
−

−
γ −

rc =
3

2

V
V
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P

v

1

2 3

4

P c = 

V c = 

Cut-off volume = V3 – V2 = 0.05Vs = 0.05 × 12.27Vc

V2 = Vc

V3 = 1.6135Vc

rc =
3

2
1.6135V

V
=

η = ( )
1.4

0.4
1 1.6135 11

1.4 1.6135 113.27
−− ×

× −

= 0.6052 = 60.52%

16. (c)

P

v 

1

2 3

4

qin

qout

The properties of air at room temperature are cp = 1.005 kJ/kgK, cv = 0.718 kJ/kgK,
R = 0.287 kJ/kgK and γ = 1.4

T2 = ( )( )
1

0.41
1

2
293K 20 971.1KVT

V

γ−  = = 
 

Process 2-3: constant pressure heat addition,

3 3

3

P V
T =

3 32 2

2 2 2

2200K 2.265
971.1K

V TP V
T V T

⇒ = = = (given T3 = 2200 K)

Process 3-4: isentropic expansion,

T4 =
1 1 1

3 2
3 3 3

4 4

2.265 2.265V VT T T
V V r

γ− γ− γ−     = =          

= ( )
0.42.2652200

20
 
  

[∵ V4 = V1]
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= 920.6 K
qin = h3 – h2 = cp(T3 – T2) = (1.005)(2200 – 971.1) = 1235.04 kJ/kg

qout = u4 – u1 = cv(T4 – T1) = (0.718)(920.6 – 293) = 450.6 kJ/kg
wnet, out = qin – qout = 1235 – 450.6 = 784.4 kJ/kg

ηth =
net,out 784.4 kJ/kg

1235.04kJ/kgin

w
q

=  = 63.5%

17. (d)
The expression for the Otto cycle efficiency,

ηotto = 1
11

r γ−
−

Substitution of the values:
Compression ratio, r = 10.0, and

Ratio of heat capacities, γ = 1.4, gives

ηotto = 1.4 1
11 0.602

10.0 −− =  = 60.2%

ηbrake = ηi × ηmech = 0.5 × ηotto × ηmech = 0.5 × 0.602 × 0.9 = 0.271
Equation can be used to calculate the specific fuel consumption (SFC).

sfc = ( ) ( )brake

1 1
0.271 44CV

=
η × ×  = 83.9 g/MJ

18. (b)
V1 = 16V2 V3 = 2V2

Vs = V1 – V2 = (r – 1)V2 = 15V2

V2 = 15
sV

1

4

32

p

V

Consider the process 1-2

p2 = 1.41
1

2
1 16 48.5 barVp

V

γ 
= × =  

p2 = p3 = 48.5 bar

p4 =
1.4 1.4

3
3 1.4

4

2 48.548.5 2.64 bar
16 8

Vp
V
   = × = =     

(Since, V4 = V1)

pm =
3 3 4 4 2 2 1 11

1 1s

p V p V p V p V
V

− − − γ − γ − 

=

3 4 1
3 4 2 1

2 2 22
1 1s

V V Vp p p p
V V VV

V

      
− −      

      − γ − γ − 
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=
1 48.5 2 2.64 16 48.5 1 16
15 1.4 1 1.4 1

× − × − × × − − − 
= 3.71 bar

20. (d)
• In CI engines fuel is injected near the end of compression stroke during a period of some 20 to

35 degrees of crank angle.
• Low self ignition temperature of fuel decreases the tendency of knock in CI engines.

21. (b)
As indicated power, I.P = nB.P – (ΣB.Pi)

o r I.P = nB.P – (B.P1 + B.P2)
⇒ I.P = 2 × 15 – (6.75 + 7.25)

I.P = 16 kW

So, ηm =
. 15= 0.9375
. 16

B P
I P

=

⇒ ηm = 93.75 %

22. (c)

Increasing the engine speed increases knocking in diesel engines, while decreases knocking in
petrol engine.

23. (a)

ηbth =
f

BP
m CV×

⇒ mf =
50

0.25 44000×
= 4.545 × 10–3 kg/sec
= 16.36 kg/hr

=
16.36
0.74

= 22.1 l/hr

ηith =
bth

m

η
η i

. .
i. .

bth
m

th

b P
P

 η
η = = η 

=
0.25
0.75  = 33.3 %

24. (b)
Given, T1 = 300 K

P1 = 1 bar = P4
r = 6

P3 = 18 bar

1 4

2

3P

V
Expansion ratio, e = 34

3 4

PV
V P

γ 
=  
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=
1.418

1
 
  

 = 57.2

Compression ratio =
1

2
6V r

V
= =

Efficiency of Atkinson cycle,

η =
( )1

( )
e r

e rγ γ
−

− γ
−  = 1.4 1.4

(57.2 6)1 1.4
(57.2 6 )

−
− ×

−
= 74.06 %

26. (a)
Given data :

Number of cylinder:x = 4
Bore: d = 70 mm = 7 cm

Stroke: l = 75 mm = 7.5 cm
Compression ratio : r = 8

Cubic capacity of the engine = 2
4

d lxπ

= ( )23.14 7 7.5 4
4

× × ×

= 1153.95 cm3 � 1154 cc
Displacement volume of each cylinder,

Vs = 2
4

d lπ
 = ( )23.14 7 7.5

4
× ×  = 288.48 cm3

Compression ratio: r =
c s

c

V V
V
+

Vcr = Vc + Vs
Vcr – Vc = Vs

Vc (r – 1) = Vs

or Vc =
288.48

1 8 1
sV

r
=

− −  = 41.21 cc

27. (b)
D = 600 mm = 0.6 m
d = 26 mm = 0.026 m

W = 200 N
S = 30 N
N = 500 rpm

T = ( ) ( )
2

D dW S +−

= ( ) ( )0.6 0.026200 30
2
+−  = 53.21 Nm

Brake power: bp =
2

60
NTπ

=
2 3.14 500 53.21

60
× × ×

 = 2784.65 W = 2.78 kW
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28. (c)
Given data

f

a

m
m = 0.06

ηv = 92% = 0.92
ηi, th = 32% = 0.32

C.V. = 50000 kJ/kg
ρair = 1.2 kg/m3

ηv =
Actual volume
Swept volume

a

s

V
V

=  = 0.92

or Va = 0.92 Vs
Mass of air: ma = ρair Va

= 1.2 × 0.92 Vs = 1.104 Vs
Mass of fuel : mf = 0.06 × ma = 0.06 × 1.104 Vs

= 0.0662 Vs

ηi , th = . .
m

f

p LA
m C V

×
×

0.32 = 0.0662 50000
m s

s

p V
V
×
×

or pm = 1059.2 kPa = 1.06 MPa

29. (d)

Cut-off ratio; (rc)1 = 4

(rc)2 = 8

Compression, r = 12

η1 =
1

1
1

111
( 1)

c

c

r

rr

γ

γ−

 −
 −
γ −  

=
1.4

1.4 1
1 4 11 0.474

1.4(4 1)(12) −
 −− = −  

P

V
1

4

2

η2 =
2

2
1

111
( 1)

c

c

r

rr

γ

γ−

 −
 −
γ −  

=
1.4

0.4
1 8 11 0.343

1.4(8 1)(12)
 −− = −  

Loss in efficiency =
1 2

1
100η − η ×

η

=
0.474 0.343 100

0.474
− ×  = 27.62%
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30. (a)
Given data:

n = 2
N

 for four-stroke engine

Vs = 0.0259 m3

P = 950 kW
N = 2200 rpm

We know that power output,

P =
. . . .

60
mA l n x p

 kW = 60
m sp V nx

where P is in kW
pm is in kPa
Vs is in m3

n = 2
N

rpm

x = 1, number of cylinder

∴ 950 =
0.0259 1
60 2

mp N×
× ×

950 =
0.0259 2200

120
mp × ×

or pm = 2000 kPa = 2 MPa


