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The POINT 1 TEPIESENLS LAy CyNaer 18 tull of air with
volume V,, pressure p, and absolute temperature (47
Line 1-2 represents the adiabatic compression of ajir
due to which p;, V, and T, change to p,, V,and T,
respectively.

Line 2-3 shows the supply of heat to the air qf
constant volume so that p, and T\, change to p, and
T, (V; being the same as V).

Lme 3—4 represents the adtabatic expansion of the
air. During expansion p,, V; and T, change to a final
value of p,, V, or V, and T respectlvely

Line 4-1 shows the rejectlon of heat by air at constant
volume till original state (point 1) reaches.

Consider 1 kg of air (working substance) :
Heat supplied at constant volume = ¢ (T3 = T)).
Heat rejected at constant volume = €, (T T ).

But, work done = Heat supplied — Heat rejected

B
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Let compression ratio, r_(=7)= At 1

03
expansion ratio, r, (= ,.,=';'J_4
3
(These two ratios are same in this cycle)
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%= (3]
As She 13
Tl Uy
Then, TowT, .
= T, (va)”
Similarly, .~ o
or Ty=T, O _
Insertingthevaluesof TzandT3inequation(z),we
get
T,-T
Moo = 1~ T,.(r)”l—Tl.(r)"'l
1
T4—Tl g
= et ey e v -1
T 1) (r)

This expression is known as the air standard
et niomev of the Otto cycle.
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Mean effective pressure (p,) is given by :

_|[ Pava = Pavs _ PV =P, (, - )\b
p’"'[( y-1 y-1 )*‘ 1 —Ug) | bar
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Question

An engine of 260 mm bore and 375

st roke ; works on Otto (‘.\'(‘lt’. The (-Ip"r(,nr(’ Vol ey mge
0.00263 m*. The initial pressure and temperature ¢y, /’,‘ in
and 50°C. If the maximum pressure is limited te 25 h(:',.’
find the following : ;

(1) The air standard efficiency of the cycle.

(11) The mean effective pressure for the cyele,

Assume the ideal conditions.

Solution. Bore of the engine, D = 250 mm = 0.25 m

Stroke of the engine, L =375 mm = 0.376 m
Clearance volume, V_ = 0.00263 m?
Initial pressure, P, = 1 bar
Initial temperature, T, =50 + 273 = 323 K
P (bar)

25 -~

Adiabatics

e B 1

3
—ﬁ Ve = Vg > v(m)

Fig. 21.6
Maximum pressure, p; = 25 bar
Swept volume,
V, = w4 D?L = /4 x 0.252 x 0.375 = 0.0184 m?
Compression ratio,
o Vo 4V, _ 0.0184 + 0.00263 -

V. 0.00263




(i) Air standard efficiency :

The air standard efficiency of Otto cycle is given by
=l - 1 el
(-1 =1 gieeT =1 ()04

=] - 0.435 = 00585 or 5605%0 (Ans.)
1) Mean effective pressure, p_ :

For adiabatic (or isentropic) process 1-2
Py = p,V,)

Nowo = 1 - =1

v
Py =P, (%’LJ =1 x (r)14 = 1 x (8)'4 = 18.38 bar
2

25
Pressure ratio, r, = L. i i 1,58

The mean effective pressure is given by

pyri(rY -1 - 1)(r,, = 1))

Pw =

(y-1(r-1)
or
1x 8081 _1)(136-1)
5 14-1)(8-1) -.[Eqn. (21.6)] ¢
8(2.297 - 1)(0.36)
= 04 x7 = 1.334 bar

Hence mean effective pressure = 1.334 bar. (Ans.)

Question

i} The minimum pressure and temperature in
an Otto cycle are 100 kPa and 27°C. The amount of heat
added to the air per cycle is 1500 kJ / kg.

(i) Determine the pressures and temperatures at all
points of the air standard Otto cycle.

(ii) Also calculate the specific work and thermal
efficiency of the cycle for a compression ratio of 8 : 1.

Take for air : c, = 0.72 kJ / kg K, and y= 1.4.

Solution. Refer to Fig. 21.7. Given : p; = 100 kPa
=10° N/m? or 1 bar ;

T, =27 + 273 = 300 K ; Heat added = 1500 kJ/kg ;
r=8:1;¢,=0.72kJ/kg ; y=1.4.
Consider 1 kg of air.



Consider 1 kg of air.

Fig. 21.7
(i) Pressures and temperatures at all points :

Adiabatic compression process 1-2 :

e o
_TZ. b Lﬂ-] =(r)"" 1 =(8)l‘4“l = 2.297

Tl Uz
T, = 300 x 2.297 = 689.1 K. (Ans.)

Also pyy’ = Pavo’

Y
P - (ﬂ] - (8)"4 = 18.379
P Uy

py=1x 18.379 = 18.379 bar. (Ans.)

Constant volume process 2-3 :
Heat added during the process,
c, (Ty-T,) = 1500

or 0.72 (T - 689.1) = 1500
1500
Te=z — A= % (Ans.)
or 3= gg *089.1=271724K.
Py _ Ps _ Pl
Also, T, T, = pg= T,

_ 18.379x 27724
= 689.1

=73.94bar. (Ans.)




Adiabatic Expansion process 3—4 :
-1
T3 V4 4 vy-1 14-1
o 0 Pl 2 =(r) " =(8) = 2.297
T, (Vs J 4 3

T,- B _27724 _ 12069 K. (Ans)
2297  2.207

Y
Us
Bk g St e
1 14
= 73.94 x (g) — 4.023 bar. (Ans.)

(ii) Specific work and thermal efficiengy :
Specific work = Heat added — heat rejected

=c, (Tg—T3) - ¢ (T,—T) =¢, (T, —T,)— I — )l
— 0.72 [(2772.4 — 689.1) — (1206.9 — 300)]

_ 847 kJ/kg. (Ans.)
1

Thermal efficiency, Mg, =1~ YR

Question
A certain quantity of air at a pressure of

1 bqr and temperature of 70°C is compressed adiabatically
Zztd the pressure is 7 bar in Otto cycle engine. 465 kJ of
at per kg of air is now added at constant volume.
Determine:
(1) Compression ratio of the engine.
(‘L'l) Temperature at the end of compression.
(iir) Temperature at the end of heat addition.



Jnitial preesure, p, = 1 bay
Iitinl temperature, T, =704+ 273« 343K
Prosenre after adiabatic compression,

p, = 7 bar
Heat addition at constant volume,

Q, = 465 kJ/kg of air
Specific heat at constant pressure,

¢, = 1.0 kJ/kg K
Specific heat at constant volume,

¢, = 0.706 kJ/kg K

y= 22
¢, 0706

1) Compression ratio of engine, r:

According to adiabatic compression 1-2

= 1.41

PV, =p,Vy
p (bar)
A
3
Heat addition at
constant volume

603 )

MT- 1
i uu-hoK)
() T » Gagrem

Vv ¥
or (...L = P2
Vy "

- (r)t = P4
"
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Hence compression ratio of the engine = 307, (Ana.)
(1) Temperature at the end of compression ’I‘.'
In case of adiabatic compression 1-2, ..

T, p: N1
. s § < (¢
7 [vg] (39741 2 176

T,=1.76 T, = 1.76 x 343 = 603.7 K or 330.7°C
Hence temperature at the end of compression
= 330.7°C. (Ans.)
(i11) Temperature at the end of heat addition, T,;
According to constant volume heating operation 2-3
Q,=c, (Ty-T, =465
0.706 (T, - 603.7) = 465

or T, - 6087 = —20
0.706
465 o
or Ty= oo +603.7 = 12623 K or 989.3°C

Hence temperature at the end of heat addition
=989.3°C. (Ans.)

Question

.In a constant volume ‘Otto cycle, the
pressure at the end of compression is 15 times that at the
start, the temperature of air at the beginning of compression
is 38°C and maximum temperature attained in the cycle is
1950°C. Determine :

(i) Compression ratio.

(ii) Thermal efficiency of the cycle.
(iii) Work done.

Take ¥ for air = 1.4.



Solution.
Initial temperature, T,=38+273=311K

Maximum temperature, T, = 1950 + 273 = 2223 K.
(i) Compression ratio, r :
For adiabatic compression 1-2,
PV = p,Vy

1
V.
g ml.n
V2 P
But A, 15 ...(given)
P
V,
) PR s ¢
(r) =15 [ r Vg]
or (r)4 =15
1

or r= (1514 =(15°"4=6.9

Hence compression ratio = 6.9. (Ans.)

v

:
Total volume
(ii) Thermal efficiency :
1 1
Thermal efficiency, 1, =1- — =1-
th (r)Y 1 (6.9)1'4_1

= 0.538 or 53.8%. (Ans.)

iii) Work done :
Again, for adiabatic compression 1-2,

y-1
) “ i = ()1
T Vs 3.

=(6.9)14-1=(6.9%4=2.16
T,=T,x2.16 = 311 x 2.16 = 671.7 K or 398.7°C



For adiabatic expansion process 3—4

y-1
i (ﬁ] = ("1 =(6.9%4=2.16

T, v,
T. 2223
- = — = CJ
T, —1—2.16 2.16 1029 K or 756°C

Heat supplied per kg of air
= ¢(Ty = Ty) = 0.717(2223 _

671.7
= 1112.3 kJ/kg or air
C = L = 0\'287
L T B
=0.717
Heat rejected per kg of air kg K
=¢(T,-T) =0.717(1029 _ 311)
= 514.8 kJ/kg of air
Work done per kg of air
= Heat supplied — heat rejecteq
=1112.3 - 514.8

= 597.5 kJ or 597500 Nm. (Ans,)

Question
An engine working on Otto cycle has o
volume of 0.45 m?, pressure 1 bar and temperature 30°C af
the beginning of compression stroke. At the end of
compression stroke, the pressure is 11 bar. 210 k.J of heat is
added at constant volume. Determine :
(2) Pressures, temperatures and volumes at salient
points in the cycle.
(ii) Percentage clearance.
(iii) Efficiency.
(fv) Mean effective pressure.
(v) Ideal power developed by the engine if the number
of working cycles per minute is 210.
Assume the cycle is reversible.

Solution.
Volume, V,=0.45 m?
Initial pressure, P, =1bar

Initial temperature, T,=30+273=303K
Pressure at the end of compression stroke,

Py = 11 bar
Heat added at constant volume = 210 kJ
Number of working cycles/min. = 210.



(i) Pressures, temperatures and volumes at
salient points :

For adiabatic compression 1-2
p1V17 = p2V27

or P - (Vl Y ;
=|— = (I‘)
P Vs
e =
or Vi (& A (H)“ =(11)°74 = 5.5
Py ) 1
\Y-1
Also 3l « Y o (BT
L V)
=1977=1.98

Fig 21.12

o T,=T,x198=303x198=600K (Ans.)
Applying gas laws to points 1 and 2

S S\
T, T2
T, p 600 217045
‘_2./_1. V =
L R ST

= 0,081 m? (Ans.)

The heat supplied during the process 2-3 is given

by :
Q=mc, (T,~-T,)
V / y .
S Yy 1x10° 2045 - 0517kg

™= RT, T 287308
210 = 0.517 x 0.71 (T, - 600)

210
or Ty= 05177071 *600=1172K. (Ans.)



For the constant volume process 2-3

Py _ Py
T 1,
T, 1172

T, "=

= 21.48 bar. (Ans.)
Vz = V2'= 0.081 ma. ‘Anﬂ.)

——— m—— W e mm————

o Z
For the adiabatic (or isentropic) process 3-4
PVsl =PVt

P 1Y
Py = x | —2 =D, o
§ 0 (V4J p"x(r)

1.4
. 1
- 21:48 [—‘—' = » . ,)
X 55) 1.97 bar. (Ans

¥~ 71 14 -1
Also 14 (b y (1) ¥ (,1_,) " o
Ty V, r 55 :
Ty =0.505 T, = 0.506 x 1172 = 591.8 K. (Ans.)
V= V,=045 m®, (Ans.)
1) Percentage clearance :
Percentage clearance
R 0.081

- = 100 =
Ve 0.45 - 0.081

= 21.98%. (Ans.)
(i11) Efficiency :
The heat rejected per cycle is given by
Q,=me,(T,-T)
=0.517 x 0.71 (591.8 — 303) = 106 kdJ

100

The air-standard efficiency of the cycle is given by

ik Q -Q _ 210-106
LR 210
= 0.495 or 49.5%. (Ans.)

Alternatively :
1 1
notto (r)'y -1 (5.5)14 -1

= 0.495 or 49.5%. (Ans.) |




