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Air Standard Cycle

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

Given:

= 1400°C = 1673 K
= 15°C =288K
800 kdJ 2
= ¢, (13— T
=R
= 1.005-0.287 = 0.718 kd/kgK 1
14

gyl

CV

S
o 0 OO0~
Il

<

o
Il

= 1673 _ 800 = 558.8K
0.718

For process 1 — 2, TV = TV

1

;
. . Vi To \v-1 (558.8)0.4

A N = == =5.24 .

or, Compression ratio, r v, (7_1) 88 5.24396 Ans

n=1- Y11=1—( ! )04=O.4846
r 5.2438)"

Cycle efficiency, n = 48.46% Ans.

For process 2 — 3, = = =

-1
or Py = T—3><P1(T—2JY

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 3

1.4
R _ 1678 (—558'8)0'4 = 2.9939x10.175
P 558.8 288
i = 30.462 or Firex =30.462 Ans.
P1 Pmin
P
_ , _ V, 2 3 14
Given: Compression ratio, r = v, 17 PV = Const.
2
3
Cp
— = y=14
CV Y 4
or V-V, = 0.1(V,-V,)
1
V.
or V_S_ = 0.1 ﬁ_ >V
2 V5
: Vs
or Cut-off ratio, p = VT 01x16+1=26
2

1| rl-1
nDiesel = 1_ry—1|:y((; _1):|
c

Where r_is cut-off ratio and ris compression ratio

1| 26" -1 1 (3.81—1)
= 1— = 1—— —_— =
1704 11.4(2.6-1) 1794\1.4x1.6

0.596 or 59.6%

T3 : Solution (c)

Considering the engine to be spark ignition engine;

Stroke length, [ = 250mm=0.25m
Bore dia: d=200mm=0.2m
Clearance volume, V. = 0.001m3
y=14
3.14
Displacement volume, vy = %d2 X1 = TX(2)2 x0.25
= 7.85x10°%m?
Total volume in the cylinder, Vi, =V + V,=0.001+7.85 x 1078
= 8.85x10°3m3
Compression ratio r= ﬁ = M =8.85
P / v, T 0001 Y
Air-standard cycle efficiency n = 1—L = 1—;
’ qu (8.85)1'4_1
= 1-——7 =05819=58.2%
8.85™
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4 Mechanical Engineering e Intenal Combustion Engines MBDE ERSYH

T4 : Solution

V, = V,+0.75(V, - V,) = 0.75V, + 0.25V,
V, = V,+0.25(V,~V,) =025V, +0.75V,
Ya _ 075r+025 ()
v
Yo
o = 0.25r+0.75
V,  0.75r+0.25 P (bar)

V, ~ 0.25r+0.75
Also, Compression process follows PV4 = C

B ﬁm .
’Da - Vb '
45 (0.75r+0.25)1'4 '
- 15 ~ \026r+075
075r+025 .
0.25r+0.75 = 7

0.75r+0.25 = 0.5479r+ 1.644
0.2021r = 1.394

r=6.89
Efficiency, n = 1—i—1—;
’ r"{—1 (689)04
= 0.5381=53.81%
Given, p, =1 bar, p, = 32.42 bar o} 2 3
c
y= £=14
CV
Vo _ Vi_g
VS VS 4
For process 1-2, oV = p, VY 1
¥ v
(ﬁJ = Pe_3o40
Vs P
or % = (32.42)114=11.999 =12
2

.. Compression ratio, r= 12
Cut-off ratio,
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 5

IR I T T B Rl
Npiesel = Py =) 12°4]1.4x05

= 0.596 = 59.6%

e Here, in this problem, cut-off ratio,
v Ve Vv Y

VAV VAARY,
2 2 1 2 1

(Y Y
oy @‘%‘%]
r =

r
(o]
re

So, cut-off ratio, r,

e S0, it is important to note that compression ratio is equal to the multiplication of cut-off ratio and
expansion ratio and the value of cut-off ratio, expansion ratio and compression ratio are always greater
than 1.

T6 : Solution

As given compression ratio (CR) diesel 15 to 21
r=1.3, cut off ratio r, = 2

N i)
Nyt = 1—(—) x — 54.87%

r Y(p—1)
1 v-1 pY_1

T
Mt =15 (r) Y-

(54.87 — 50.08)% = 4.8%

—

=50.08%

Ny, r=21 = Ng, =15 =

T7 : Solution

Ratio of clearance volume v, 1 2 3
Swept volume TV, 15
r= 1+£=1+15=16
V. 4
p—1=01x(r-1)
= 01x(16-1)=15 !
= p =25
1 p’ -1
! A0y (p-)

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




6 Mechanical Engineering e Intenal Combustion Engines MBDE ERSYH

1 (25)" -1

= e Tas

=59.05%

If new specific heat is increasd by 10% then,
C, = 1.1x0.717 =0.7887
Co—-C, =R

<

= G, = 0.287 +0.7887 = 1.0757
= Co 10757 . oo
C, 0.7887
1.363
2.5)"%% 1
Ny = - — 25) = 55.54%

(16)0°% 1.363(25-1)

Percentage decrease in efficiency = n,—n,
(569.05-55.54)% = 3.51%

T8 : Solution

Given: r=13, T, =90°C = 363K, P, = 1 bar, (8),.,, = 1675 kJ/kg, y = 1.4, R = 0.287 kJ/kg-K

P
3 4
2
5
1
v
R 0287
C, = F_W_o.ﬁsm/kg—K
YR 1.4x0.287
C, = = =1. —
b 57 1.005 kJ/kg-K
E — Vel
1. T T (r)
= T, = 363x(13)%4=1012.71K
1675
(5a), = C,(T,~T,)= —,—=8375
= 0.718(7,-1012.71) = 8375

T, = 2179.14K
@q)p = Cp(T,—T;)=8375
= 1.005(T4-2179.14) = 837.5
T, = 3012.47K

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




So,

=

=

So, percentage of the stroke at which cut-off occurs is 3.186%.

Maximum temperature, T,
(V4 - V3) -

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025

3012.47

2179.14

~——
|

~——
Il

3012.47 K
%p (r=1)

- P (13-9)

100

Ie}
L _(13-1
T

- P 10

p:

100
3.186%

[+ Process 3-4 is isobaric]
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Combustion & Knocking in
S| and CIl Engines

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution (b)

Time taken by first stage of combustion, 7, = 1 ms = 1 x 1073

Initial speed = 1000 rpm
New speed = 2000 rpm
Spark advance, 6,-0, = ©,T,-,T,
_ 21 x 2000 <103 _ 2mx1000 y
60 60
_ 2mx1000 .5
60

2x180x1000x 107>
60 -

15 + 6 = 21° btdc

60

New spark timing

1073

[www.madeeasypuincations.org MRDE ERSYH
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Analysis and Injection of
Fuel and Fuel Emission

) Detailed Explanation

a ;

Try Yourself Questions

T1 : Solution

In case of perfect combustion.

0,4+ 2N
CaHys + {02+ 5No t 2 aH,0 + b CO, + d N,

(Assuming 100 parts of air curtains 21 parts of oxygen by volume.)
Balancing above reaction.
C.8=0b
H:18=2a=a=9
O:2c=a+2b=9+28)=25=>c=125
79

N, 5,0 =d = d=47.024

So, balanced equation is

79
CgHig + 12.5{02+ EN2} —9H,0+8CO, +47.024 N,

79

. 12.5[32 + 51 X 28] 757,87
stoichiometric — 8(1 2) + 18(1) - 114
Since combustion products contain unburnt oxygen, lean mixture is supplied.
Given: Volume of CO, and unused O, in exhaust gases is same = Number of moles of CO, and unused O,
are also same. [Avegadro’s law: equal volume of gases at same temperature and pressure certain equal
number of molecules.]
Thus, actual reaction is

=15.42

(AIF)

CgHyg + C{O2+ §N2} —->9H,0+8C0O,+80,+fN,
Balancing O: 2e =9+ 16 + 16

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




10

Mechanical Engineering e Intenal Combustion Engines MmMBDE
e =205
. 79
: —e =
Balancing N.,: 51
f=7712
Actual reaction: CyH, q + 20-5{Og+ %Nz} 59H,0 +8C0,+80,+77.12N,
20.5|:32 + ;—9 X 28]
AF). ., = = 24.696
(AF)zc 8(12) +18(1)

By equivalence ratio, ¢ = 1, engine is operating at stoichiometric air fuel ratio.
Given mass of fuel = 1 kg

Mass 10009/ m

Number of moles of fuel. Ny = ojeciiar weight ~ 8(12)+ 18() gnvmol ~ 8.172
Since, stoichiometric reaction may be re-written as
8.772C;H, g + 109-65{02"' %Nz} — 79.948 H,0 + 70.176 CO,, + 412.494 N,
(i) Total moles of mixture = 8.772 + 109.65 = 118.422
Let 'V ' be the volume of mixture, then
PV = nRT, (R = 8314 J/ kmolK)
or (100 x 10%) x V. = 118.422 x 8314 x (70 + 273)

V. = 3377.0425m3
(i) Total moles of products of combustion = 79.948 + 70.176 + 412.494 = 562.618
Let “V,.' be volume of products of combustion,

PCVC = nI‘?TC
or, 10% x Vi, = 562.618 x 8314 x (127 + 273)
V, = 18710.42m3.

Note: Such large values of volumes are justified as values are computed for 1 kg of fuel.
EEEN
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 11

Testing & Performance
of IC Engine

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

w_w
mep = v, " v,-V,

S

23.625x10°xV;  23.625x10°V
= 55Vo-Vp T 45V

= 5.25x 10°Pa = 5.250 bar

T2 : Solution

actual volume

Volumetric efficiency = ——————
swept volume

_ ﬁ =0.9
Vs
. vV, = 09V,
mass of air,
ma = pair Va =09 Vs
m, = 0.05x0.9 V,=0.045V,
Prmep X LAN
= £ Where LAN = Swept volume
T]thermal mf % C.V p
x V.
= 03 — pmep S 5
0.045V, x45%x10
= 6.075bar

B mep

C@ Copyright mMRDE ERSYH www.madeeasypuincations.orgD




12 Mechanical Engineering e Intenal Combustion Engines MRDE ERSY
P
P, = 100kPa 2
Compression ratio, r = 10 a
T, = 27 +273=300K 32 .
Heat added, Q, = 1500 kJ/kg Qg
Heat rejected, Q, = 700 kJ/kg 1
Specific gas constant for air, R = 0.287 kd/kg.K
Work done in cycle
Mean effective pressure = y v
Swept volume
Compression ratio,
r=VJV, = 10
vV, = 10V,
Sweptvolume = V, -V,
= V,-V,/10=9/10V,
For initial air
PV, = RT,
. , _ A 0.287kJ/kgK x 300K
L < 100 kPa
= 0.861m3kg
Sweptvolume = 9/10 x V, = 9/10 x 0.861
= 0.7749m3kg
Work done in cycle, W, = qupp,y— Q.
= 1500 - 700 = 800 kJ/kg
. _ Woet
Mean effective pressure =
Swept volume
800 kJ/k
p o SOOKIKG 40 59 kpa
mep- 0.7749 m° /kg
Work done = Areaunder the cycle
= %xSx0.0Z = 0.03 kNm
Work done ~ 0.03
mep = Volume 002 = 1.5 kPa
Given: Brake power, BP = 368 kW, Friction Power, FP = 73.6 kW, mr = 180 kg/hr, (A/F) =201
CV = 42000 kd/kg
Indicated Power, IP = BP+ FP =368 + 73.6 = 441.6 kKW
Mechanical efficiency, n, = LElie = 368 =0.8330r 83.3%
IP 4416
m, = Air consumption rate = 180 x 20 = 3600 kg/hr
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 13

IP 441.6

Indicated thermal efficiency, Ny = = = =21.03%
mexCV 180 o000
3600
Brake thermal efficiency, Mo = = BP = 980 368 =17.52%
mex GV T8V 42000
3600

T6 : Solution

Given: n = 4 cylinders, Cylinder diameter, d = 64 mm, Stroke length, / = 90 mm,

Fuel consumption, Ve = 7.5litres/hr = % m°/sec = 2.083 x 106 m?/sec
Speed, N = 2400rpm

CV = 11400 Kcal/kg = 11400 x 4.187 kd/kg = 47731.8 kd/kg
Density of fuel, pr = 717 kg/m3
Brake drum diameter, D = 73.5cm
Rope diameter, d = 25cm
Spring balance reading, T, = 60kg

I, = 8kg at N’:%rpm

Mechanical efficiency, n, = 0.80
Let, r, be the effective radius, r,= 72—'5+ 22—5 =38cm
Torque, T = (60-8) x 9.81 x 0.38 = 193.85 N-m
BP - 2nN’T
60
As, N = ﬁ:1><24OO:8OOrpm
3 3
gp - 2xmx800x193.85 16.24 KW
60
Fuel flow rate, me = pexVg =717 x2.083 x 10 = 1.4935 x 1073 kg/sec
Brake thermal efficiency, Mo = = BP = 1653 =0.227 or 22.7%
mexCV  1.4935x10™° x47731.8
BP
= 080=—
T 1P
p- BP _1624 ,5uw
0.80 0.80

Let P, be the indicated mean effective pressure,
N
P xVegx——= = IP
T 2% 60

P x ™ x(0.084)? x (0.090) x 4 x 2200
4 2x60

= 20.3x 1038 =8.764 bar

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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T7 : Solution

Given: |.P. at full load =
Brake sfc =

Brake power (B.P.) at full load =
B.P. at 75% of load =

[.P. at 75% of load =

Let,

At 75% |Oad, nmech -

FP. =

F.P. remains constant at all loads.

At full load, P =

x+0.3214x =

= X =

BP =
FP. =

Tlmech -

N =

Indicated sfc =

At half load, B.P =

FP. =

T]mech

T8 : Solution

Brake power =
P

or T =

Intenal Combustion Engines

50 kW

0.286 kg/kWh

x KW

0.75x kW

(0.75x + F.P.) kW

0.75x

——=0.7
0.75x+F.P.

0.75x
0.7

0.225x

-0.75x = =0.3214x

B.P. + FP. =50
50

50
1.3214

37.84 kW
0.3214 x 37.84 = 12.16 kW

=37.84 kW

BP. 3784 _7568-7568%
P, 50
03

=0.3964 = 39.64%

0.7568

bsfe X Meen
0.286 x 0.7568 = 0.216 kg/kWh

3784 _1g.92kw
2
12.16 kW
BP.  B.P. 18.92

P. BP.+F.P. 18.92+12.16
0.609 =60.9%

Brake torque x Angular velocity

Tw

P P 10,000 10000

o - (2iN) " 2nxN - 400 - 25Nm
60 60

[www.madeeasypuincations.org
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T9 : Solution (a)

Given data:
n
Stroke volume, V
Power, P
Speed, N
We know that power output,
P —
where Pisin kW; p_isinkPa; V_isi
n
X
950
950
or o
Given: Stroke volume, V
Power developed, BP
Speed’ Nactual
Mean effective pressure, Freep
Number of cylinders, k
Brake power, BP
= 26.25
= N

But, N

actual

Number of misfires

T11 : Solution (c)

Method I:
(BP)i 234

(l'P‘)1, 2,34
Number 1 cylinder not firing,

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025

N
> for four-stroke engine

0.0259 m3
= 950 kW
= 2200rpm

P Alnx

60
nms3

Pl

kW 60

_N
= 5 rpm

= 1, number of cylinder

Py x00259 N
60 2

1

P % 0.0259 x 2200
120

= 2000 kPa =2 MPa

= 1.75/=175x 103 m3
= 26.25 kW

= 506 rom

= 600 KN/m?

=06

= Pmevasxkx2x60

00X 1.75x 1073 x6x -
120

= 500 rpm

= 506 rom

B 506—500_@_3

B 2 2

= 3037 kW

= BP) o354+ (FP) 55,

15

- (i)

(@ Copyright
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Mechanical Engineering

Eq. (ii) — Eq. (i), we get

Intenal Combustion Engines

2102 kW

= BP)y 34+ (FP); 554

(LP)y 55 4= (LP)y 5 4 =(BP); 55, +BP), 5,

(LP), = 3037 -2102 = 935 kW

Similarly, number 2 cylinder not firing,

(BP)i 34
(1.P),
Number 3 cylinder not firing,
(BP)i 24
(1P);
Number 4 cylinder not firing,
(BP)i2s
(1P),
Total I.P.,
(1P)1234
Mechanical efficiency,
N
Method ll:
Given:

2102 kW

(BP)i 254~ (BP) 54
3037 - 2102 = 935 kW

2100 kW

(B'P')1, 2,34 (B'P')1, 2,4
3037 - 2100 = 937 kW

2098 kW

(BP)1254=BP) 54
3037 — 2098 = 939 kW

(1P, + (ILP),+(I.P), + (LP),
935 + 935 + 937 + 939
3746 kKW

(B.P.)jp34 3037
(LP)ipgq 3746

0.8107 = 81.07%

Brake power with 4-cylinder, 4B = 3037 kW

Brake power with 3-cylinder,

2102 + 2102 + 2100 + 2098
4
Indicated power, |.P.

3B =

Mechanical efficiency,

=2100.5 kKW

4(4B - 3B) = 4(3037 — 2100.5)
4 x 936.5 = 3746 KW

ﬁ—@—omw—smw
IP. ~ 3746 TR

[www.madeeasypublications.org
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Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 17
Given: Brakeload = 30 kg
Drum diameter, d = 900 mm
Speed, N = 2000 rpm
Motor power, P = 5 kW
Motor rating, Moo, = 0.8
BP = Txw
= 30x9.81x0.45x2nx@
60
= 27737.12=27.73 kW
FP. = 5x0.8=4kW
I.P. = 27.73 + 4 = 31.73 kW
B.P. 27.73 o
Nmech = 1p. = 3173 0.8737=87.37%
EEEE
[@ Copyright MRDE ERSY www.madeeasypuincations.orgD
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