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DETAILED EXPLANATIONS

1. (b)
2. (d)
o NP
Initial efficiency, n, = (r)'\{—l = ( 10)0_4 = 0.60189
n; = 60.19%
When vy decreases by 1.5%, value of new 7 is:
(100-1.5)
= l4x—— = %
Y, 100 1.379 %
New efficiency is
1 1
n, = 1- —=1- =0.5822
f (r)Yn 1 (10)0.379
n, = 58.22%
. . . 58.22 -60.19
So, change in efficiency is = T 6019 - -0.0327 = -3.27%
Efficiency decreases by 3.27%.
3. (c)
P
2 3
4
1
v
V3
V_2 = rc = 2
V, = V,+0.05 x Vg
(V3-V,) = 0.05x (V- V,)
V2 Va
Vi
2-1) = (0.05(r-1) (where r is compression ratio = V_2)
r =21
We know that,
o, 1 (”cY _1)
R TR

- DA 11402-1) = 0.6536 = 65.36%
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4. (b
0.86 . 0.14
?C+TH2 +x(0, +3.76N;) = aCO, + bH,0 + cN
By comparing:
a = 0.07166
b = 0.07
c = xx376
b
x = a+5 = 010666
¢ = 0.40104
P 0.07166
C NN T ke 0.07166 +0.40104

Note: for dry exhaust gas,

5. (c)

2

=0.15159 = 15.16%

H,O will not be counted.

in case of Compression-Ignition Engines mixture preparation occur inside engine cylinder.

6. (c)

With the perfect regenerator the Ericsson cycle efficiency is equal to Carnot. Therefore the lowest

efficiency for the given temperature limits is of Otto cycle.

7. (d)
BP
BMEP
Swept volume, Vs
BMEP
8. (b)

2NT 314 %3000 x —20  — 608 kW
60x1000 ‘ (60x1000)
BPx2x60 (bar)
Vsx N xKx100
2
—”XOZ 01 _ 000785 m?
60

6.28 x 2% 0.000785x 3000x 1x 100) = 3-2 bar

Given: At full load, IP = 80 kW, n,,,, = 40%
At 75% load, M,)a7se = 60% = 0.60
and frictional power constant (i.e. FP)

We know, (nm)@75% load ~
0.6
= BP
Now, at full load, P
From equation (i), we get
80
FP
BP

0.75BP
0.75BP + FP
0.75BP
0.75BP + FP
2FP .. (i)
BP + FP

2FP + FP
Sew
3

160,
3
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Now, at half load

160
0.5()
0.5BP 3 o
(Mosoncaa = 058P+ FP (160) 80 0= 20"
' 0.5() +——
3 3
9. (b)
T 1 p Isothermal
COP - Tk —TO - &_1 3 process
To
where, T, = T,=T, Isentropic
T4 = T1 = TO process
As, 1-2 isentropic compression 4
1
y-1
So, L = ﬁ v
T V,
T, = ()Y where, A
1
SO/ COP = 1
(7’)Y -1
Given, COP = 2
S 2 L
0, = —
() -1
r =276
10.  (b)
2 3
P 4
1
1%
V
Compression ratio, r = 7; =15
Yy _
Expansion ratio, r, = 73 =10
r Vi /V, V3 15
Cut-off ratio, r, = —= Wivy =3="215 v,=V,

1, V4 / V3 V2 10

Y _ 14
Air standard efficiency, n = 1 SESE N ) 1 —ix 10 1 157 -1
T 14 15°%| 15-1

= 0.6305 = 63.05%
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11. (d)
T, = 27+273
T, = 300 K
(v-1)/v P
L _(h 3
T B
T
2 = (12)14-1)/14 2
T =02
T, = 610.181 K
as 2 - 3 constant volume process
kb _5
Py T3
P 35
= _XT = —X610.181
Ty P, 2 12
T, = 1779.694 K
1/y
Vo | R
r = 5.899
For 3-4 process
Vet = T,V
y-1
V.
= Tha X 3
y-1
T4 = T3 X(ﬁj
Vi
T3
T =
o (5.894) !
T, = 875.0522 K
We = ¢ (T, - T)) = 222.71 K]/ kg
W, = c(T; - T,) = 649.5328 k] /kg
W = Wy - W, =426.822 K] /kg
W, oo = mep % Vg
Ve= (V,-V)=vf1-Y2 - Rhf 1
4 P 5.899
_ 02872%300 5 ga04g
Vg, = 0.7155 m3/kg
W
So, mep = Vs = 596.5022 KPa = 5.96 bar
Alternate solution:
W 1 1
Nygo = —=1-——x=1- — =0.508
otto Qs (]")Y 1 (5.89)14 1
Q, = ¢, (T, -T,) = 0.718 x (1779.69 - 610.18) = 839.71 K] / kg
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W = QXM= 839.71 x 0.508 = 426.58 k] / kg
= leep X Ul(l __)
RT. 1
= P 11—
426.58 mep = “p, ( 5.89)
0.287 x 300( 1
426.58 imep 100 k 589)
Pipep = 586.77 kPa = 5.96 bar
12. (¢)
At full load:
bp +fp = 40 kW (1)
at half load, bp = 0.5 x bp at full load
0.5xbp
My = 0-65= 050+
0.5bp = 0.65(0.5bp + fp)
0.5bp = 0.325bp + 0.65 % fp
0.175
= xbp=0.27b
= e PO
Put in equation (1)
bp +0.27bp = 40
bp = 31.5 kW
fr = 85 kW
b 31.5
Mechanical efficiency at full load, n_ = P__2%2
™ bp+fp 40
n, = 78.8%
Indicated thermal efficiency at full load
B nbth _ 0.3 3 _ o
nith = N, 0.788 ~ 0.381 =38.1%
13.  (b)
Air standard efficiency for petrol engine,
1 1
.= 1 - — = 1 - —
Nair (r)Y 1 (8)1.4 1
N, = 0.56472
Nindicated = Mair x Nrelative
= 0.56472 x 0.90
Nindicated ~ 0.50825
Nprake = Mindicated x Nimechanical
= (0.50825 x 0.75
o Copyright: MADE EASY www.madeeasy.in
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Nprage = 0.38119
Brake specific fuel consumption
3600 3600
Norake XCV 0.38119x40x10°>
BSFC = 0.2361 kg/h-kW

BSFC

14.  (¢)
15. (¢)
V, = Gd’L=7x25" x375 = 184078 cc
r=1 +£ =1+ 18407.8 =13.27
V. 1500
_qo Lol
n P Y(rc - 1)
4
r. = v,
Cut-off volume = Vy-V,=0.05V,=0.05 %1227V,
V2 = Vc
V, = 1.6135V,
c V2
1 1.6135"4 -1
n=1- 04 <
13.277% 14x (1.6135 - 1)
= 0.6052 = 60.52%
16. (c)
P
qin
2 3

qout

0

The properties of air at room temperature are ¢, = 1.005 kJ/kgK,
R=0.287kJ/kgKand y=1.4

v Y 0.4
T, = T{V—ij =(293K)(20) " =971.1K

Process 2-3: constant pressure heat addition,

¢, = 0.718 kJ/kgK,
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vy BV, V3 Ty 2200K _ .
T, - T v, - T, T9711K 2.265 (given T, = 2200 K)
Process 3-4: isentropic expansion,
vi Y (22651, Y (22651
Ty = T{ﬂ T(V—J T( )
4 4 ¥
0.4
2.265
= (ZZOO)[T) [V, =V]
= 920.6 K
Qin = Ny =y =c,(T; - T,) = (1.005)(2200 - 971.1) = 1235.04 k] / kg
Gout = Ugq =ty = c,(T, = T)) = (0.718)(920.6 - 293) = 450.6 k] /kg
Wit out = Jin = Jour = 1235 - 450.6 = 784.4 K] / kg
Whet, out 784.4K]/kg
M = T 1235.04k]/kg ~ 032
Tin 04K]/kg
17.  (b)
vV, = 16V, V, =2V,
V.=V, -V,=(r-1)V,=15V,
Vs
vV, = 15 2 3
Consider the process 1-2 p
4
Vi)' 14 1
= p1| | =1x16"" =48.5bar
P2 [sz
p, = py =485 bar v
1.4 14
V3 2 48.5 .
Py = P3[V_4] = 48'5><(E) = _81‘4 = 2.64 bar (Since, V, = V,)
1 Vs —p4V. Vo =V,
p = V{Pz(va ~Vy)+ P3Vs —Pa¥a _P2V2 —P1 1}
s y-1 y-1
B\ (Y v
P35, 7Py, | 2P,
AN RS U AT v
i\ y-1 y-1

%X{48.5X(2_1)+48.5><2—2.64><16_48.5—1><16}

14-1 14-1
6.94 bar
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18. (b)
Given: P, =1 bar, T} =300 K, n =1.33, CV = 42000 kJ/kg, r =12, A/F = 14, C,, = (0.717 + 0.0003T) kJ/kg
P
v
For process 1-2:
L)
2 _
p -7
P, = (1)(12)'% = 27.246 bar
T
and, “Z = (= (12)13
I
T, = 300 x (12)*% = 681.16 K

For process 2-3: (Constant volume process)
Q= CymAT, m=m, + "y

T3
42000 = 15[ (0.717 +0.0003T)dT
T
42000 0.0003 /..o 2
= —5 = 0717(Ty —T2)+T(T3 -3 |
42000
~5 = 0717(T; - 681.16)+ 0'0003(T32 - (681.16)?)

=1.5 x 10 T,2 + 0.717T, - 3358.38 = 0
=T,% + 4780T, - 22389200 = 0

= T, = 2911.065 K
and maximum pressure of the cycle,

Py

T
P, x T—3 [+ Constant volume process]
2

M) =116.44 bar
681.16

27.246 X (
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19. (a)
p
2 3
P N
: *
Pl L I —
e
N
AT LV,
— __ S lea— | — 5 e
7 7
v
| Ve
Process 1-2 (Isentropic compression)
1.8V} = 18V}
14 14
et 18(VC +%) = 18(VC +£)
7 7
VC + 6‘7/5
= v = 51794
VC + -5
7
1 Ve
— = |C+=|x517%4 C=—=
= c ( 7) [ v, }
C = 0.0280
1 1
= 1+—==1+ = 36.65
50, ! C 00280
1
Now, V,-V, = E(V1 -Vs)
1
re-1= E(T - 1)
re = 3.97
1 1 rl -1
Ndiesel ~ B y- ry—l T - 1
1 1\(3.97* -1
= ——04(—) 397 1) 1 -0.3356 = 0.6643 = 66.43%
(36.65)*\1.4){ 3.97-1
20. (o)

Given: T, = 27°C =300 K, P,
kgK, ¢, = 0.707 kg/kgK

Y
Qp

= 1bar, T, = 350°C = 623 K, T,

C
£ =142
CZJ

2Q,

max

)= 1800°C = 2073 K, ¢, = 1.005 kJ/

o Copyright: MADE EASY
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For process 1-2:

T~ \n
623 P, (14-1)/14
w - (5
= P, = 129 bar
We have, Qp = 2Q,
= ¢,(T, - Ty) = 2[¢,(Ty - T)] = 1.005 (2073 - T;) = 2(T, - 623) x 0.707
T, = 122545 K
: , BT
Explosion ratio, oo = Fz = T_2
o = 122545 _ 1.967 bar
623
: Vo T4
Cut off ratio, p = V_3 = T_3
p = 207 _ 1.691
1225.42

Thus, the product of explosion ratio and cut-off ratio is
oxp = 1967 x 1.691 ~ 3.32

21.  (b)

(Number of explosion)

Indicated power, IP = P, Vi x

: X
ff imep Time of test

Now, effective indicated mean effective pressure,

=P imep ~ p pumping mep
6.4 - 0.6 = 5.8 bar

eff, imep

From equation (i),

n_ 0.25% x (1.9 0.25) x 3300

IP = 58x10° x—x
4 1000 x 40 x 60
= 18.594 kW
(m » )>< o 271 x Number of revolution
Brake power, BP = 1 = &) Time of test

www.madeeasy.in © Copyright: MADE EASY
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_ 90x9.81x0.8x_27x8080
1000 x 40 x 60
— 14.941 KW
BP  14.941

=0.8035 = 80.35%

Mechanical efficiency, n,, = P~ 18594

22, (¢)
Heat supplied/kg = ¢ (T, - T,) + c, (T, - Ty) ... (i)

T, V, v 1.4-1
- = | =(10)"
I ( Vlj (10)

T, = (10)°* x 300
= 753.57 K = 480.57°C
Now, from equation (i),
878 = 0.717 (987 - 480.57) + 1.004(T, - 987)
T, = 1499.84°C = 1772.84 K

4

Vy
Cut-off ratio, r, = 73

For constant pressure process (3-4)

Vo I,
Vi T T
T, 177284
= —= =1.407 . = oC =
So, = T 1260 [ T, = 987°C = 1260 K]

23.  (d)
vV = %xo.%z % 0.1

= 2.83 x 10 m3/cylinder = 283 cc/cylinder
Ve+ V.  283+60

i i = =572
Compression ratio, r V. 60
- 1 0
Nairsd = 1———— =0.5021=50.21%
(r)’
Mot = Mrelative X Nair-std ~ 0.5021 » 0.52

= 0.2611 = 26.11%

BP = 2nNT _ 2mx 3000 x65 _ 20.420 KW
60 1000 x 60

BP(Brake power) _ BP

L Q, (Heat supplied) - g xCV
20.420 x 3600
ne = =6.547kg/h
"f T 02611 43 x 1000 g/ hr
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24.

25.

26.

27.

28.

(@
The Stoichiometric equation can be written as
CgH,g + 12.5(0, + 3.76N,) — 8CO, + 9H,O + 47N,

F 12x8+18x1
15.05

( é) 12.5(32 +3.76 x 28)
Stochiometric

(a)
Clearance volume of a single cylinder,

vV = g =1500cm?

c

Swept volume, V, gDZL = 0.785(15)? x30 = 5298.75cm’

V,+V. 5298.95+1500
r= vy 1500

c

=4.5325

(b)

— Reduces NO,

EGR—=

———— Also reduces thermal efficiency

(@)
BP
Mpetn = mexCV

50
0.25x 44000

_ 1636 ik
= o7g - 221/

Nign = Ny " iP. Nith

= 4.545 x 10~% kg/sec = 16.36 kg/hr

= %—3337
o075 007

(a)

In four stroke cycle there is one effective working stroke in every two revolution of the engine

N
crankshaft i.e. 1=—

2
P,LAnk
i = KW
Indicated power 1000
4.5x10°x0.25x " x0.2% x 23620 x1
X
= 1000 =10.6 kW
ip. 10.6
Indicated thermal efficiency = =75 =17.35 %

mexCV 9 44000
3600
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29. (d)
0. Y7
- 1- <
n =
Otto ( U, + 04 ]
ve = 196.3 cm®
o = gx DL = gxlo2 x15 =1178,097 cm?®
y =14
_ - 196.3 o 0.5408
Moo = 196.3 + 1178.097 e
Moge = 54.08%
Workoutput = 1, % (Heat supplied) = 0.5408 x 1800 kJ = 973.58 k]
30. ()

Net brake power: bp, , = 10 kW
Brake power of cylinder-1,

bp, = 475 kW
Brake power of cylinder-2,
bp, = 4 kW

Net indicated power,
ipry = bpy *fp

=10+ fp ..(1)
Indicated power of cylinder-1, when spark cut-off of cylinder-2,
ipy = bpy+fp
ip; = 475 +fp ..(2)

Indicated power of cylinder-2,
ipy = ipy 5= ipy
= 10-4.75 =525 kW
Indicated power of cylinder-2, when spark cut-off of cylinder-1,
ipy = bpy+fp
=4+fp .(3)
Indicated power of cylinder-1,
ipy = ipy - ipy
=10-4=6kW
Net indicated power: ip, , = ip; + ip,
= 6+5.25=11.25 kW

Net brake power

Mechanical efficiency: N, = Net indicated power

bPl,z 10

= ipr ~ 1125 = 0.8888 = 88.88%
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