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1.

Gas Power Cycles

OBJECTIVE QUESTIONS (GATE, IES, IAS)

Previous Years GATE Questions

Carnot cycle

Q1.

Q2.

Q3.

Q4.

Stirl
Q5.

A cyclic heat engine does 50 kd of work per cycle. If the efficiency of the heat
engine is 75%, the heat rejected per cycle is [GATE-2001]

(a)16§kJ (b)SSékJ (c)87%kJ ) 66§kJ

A Carnot cycle is having an efficiency of 0.75. If the temperature of the high
temperature reservoir is 727° C/ what is the temperature of low temperature
reservoir? [GATE-2002]
(a) 23°C (b) -23°C (c) 0°C (d) 250°C

A heat transformer is a device that transfers a part of the heat, supplied to it
at an intermediate temperature, to a high temperature reservoir while
rejecting the remaining part to a low temperature heat sink. In such a heat
transformer, 100 kJ of heat is supplied at 350 K. The maximum amount of heat
in kdJ that can be transferred to 400 K, when the rest is rejected to that can be
transferred to 400 K, when rest is rejected to a heat sink at 300 K is

(a) 12.50 (b) 14.29 (c) 33.33 (d) 57.14 [GATE-2007]

A solar energy based heat engine which receives 80 kdJ of heat at 100 deg C
and rejects 70 kJ of heat to the ambient at 30 deg C is to be designed. The

thermal efficiency of the heat engine is [GATE-1996]
(a) 70% (b) 1.88% (c) 12.5% (d) indeterminate
ing cycle

A Stirling cycle and a Carnot cycle operate between 50°C and 350°C. Their
efficiencies are ns and nc respectively. In this case, which of the following
statements is true? [GATE-1999]
(@ 1ns >ne (b) ns =ne

(©)ns <ne

(d) The sign of (s - n¢) depends on the working fluids used

Ericsson cycle

Q6.

Q7.

A cycle consisting of two reversible isothermal processes and two reversible

isobaric processes is known as [GATE-1996]
(a) Atkinson cycle (b) Stirling cycle
(c) Brayton cycle (d) Ericsson cycle

A gas turbine cycle with infinitely large number of stages during compression

d ion lead ATE-1994
and expansion leads to Page 3 of 77 G 994]
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(a) Stirling cycle (b) Atkinson cycle
(c) Ericsson cycle (d) Brayton cycle

The constant volume or Otto cycle

Q8.

Q9.

Q10.

Q11.

Q12.

Q13.

Which one of the following is NOT a necessary assumption for the air-
standard Otto cycle?

(a) All processes are both internally as well as externally reversible.

(b) Intake and exhaust processes are constant volume heat rejection
processes.

(¢) The combustion process 1s a constant volume heat addition process.
(d) The working fluid is an ideal gas with constant specific heats. [GATE-2008]

An engine working on air standard Otto cycle has a cylinder diameter of 10
cm and stroke length of 15 cm. The ratio of specific heats for air is 1.4. If the
clearance volume is 196.3 cc and the heat supplied per kg of air per cycle is

1800kdJ/kg, then work output per cycle per kg of air is [GATE-2004]
(a) 879.1 kd (b) 890.2 kJ
(c) 895.3 kd (d) 973.5 kd

For an engine operating on air standard Otto cycle, the clearance volume is
10% of the swept volume. The specific heat ratio of air is 1.4. The air standard
cycle efficiency is [GATE-2003]
(a) 38.3% (b) 39.8% (c) 60.2% (d) 61.7%

An ideal air standard Otto cycle has a compression ratio of 8.5. If the ratio of
the specific heats of (y) is 1.4/ then what is the thermal efficiency (in
percentage) of the Otto cycle? [GATE-2002]
(a) 57.5 (b) 45.7 (c) 52.5 (d) 95

In an air-standard Otto cycle, the compression ratio is 10. The condition at
the beginning of the compression process is 100 kPa and 27°C. Heat added at
constant volume is 1500 kd/kg, while 700 kd/kg of heat is rejected during the
other constant volume process in the cycle. Specific gas constant for air =
0.287 kd/kgK. The mean effective pressure (in kPa) of the cycle is [GATE -2009]
(a) 103 (b) 310 (c) 515 (d) 1032

In a spark ignition engine working on the ideal Otto cycle, the compression
ratio is 5.5. The work output per cycle (i.e., area of the P-V diagram) is equal
to 23.625 x 105 x V. J, where V. is the clearance volume in m3. The indicated

mean effective pressure is [GATE-2001]
(a) 4.295 bar (b) 5.250 bar
(c) 86.870 bar (d) 106.300 bar

Comparison of Otto, diesel, and dual (limited-pressure)

cycles
Q14. List 1 List IT [GATE-1995]
(Heat Engines) (Cycles)
(A) Gas Turbine 1. Constant volume heat addition and constant
volume heat rejection
(B) Petrol Engine 2. Constant pressure heat addition and constant
volume heat rejection
(C) Stirling Engine 3. Constant pressure heat addition and constant

pressure heat rejection
Page 4 of 77
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(D) Diesel Engine 4. Heat addition at constant volume followed by heat
addition at constant temperature
5. Heat rejection at constant volume followed by
heat rejection at constant temperature
A B C D A B C D
(a) 3 1 4 2 (b) 1 4 2 3
(¢ 4 2 3 1 (d) 2 3 1 4

Common Data for Questions 15 & 16:

In two air standard cycles - one operating on the Otto and the other on the Brayton
cycle-air is isentropic ally compressed from 300 to 450 K. Heat is added to raise the
temperature to 600 K in the Otto cycle and to 550 K in the Brayton cycle.

Q15. If 77, and 77, are the efficiencies of the Otto and Brayton cycles, then
(@) n,=0.25, n5=0.18 [GATE-2005]

(b) 17, =175 =0.33
() n,=0.5, n,=045

(d) It is not possible to calculate the efficiencies unless the temperature after the
expansion is given

Q16. IfW, and Ws are work outputs per unit mass, then [GATE-2005]
(a) Wo> Ws
(b) Wo<Ws
(c) Wo=Ws
(d) it 1s not possible to calculate the work outputs unless the temperature after
expansion is Given.

Q17. A diesel engine is usually more efficient than a spark ignition engine because
(a) diesel being a heavier hydrocarbon, releases more heat per kg than gasoline
(b) The air standard efficiency of diesel cycle is higher than the Otto cycle, at a fixed
compression ratio [GATE-2003]
(c) The compression ratio of a diesel engine is higher than that of an SI engine
(d) Self ignition temperature of diesel is higher than that of gasoline

Q18. Consider air standard Otto and Diesel cycles, both having the same state of
air at the start of compression. If the maximum pressure in both the cycles is
the same, then compression ratio 'r' and the efficiency 'n' are related by
(a) I'Diesel = YOtto (b) TDiesel < YOtto
(c) notto > Nbiesel (d) notto < NDiesel [GATE-2000]

Previous Years IES Questions

Carnot cycle

Q1. Which gas power cycle consists of four processes during which work alone is
transferred and heat alone is transferred during the other two processes?
(a) Atkinson cycle (b) Carnot cycle [TES-2008]
(c) Diesel cycle (d) Otto cycle

Q2. Three engines A, B and C operating on Carnot cycle use working substances
as Argon, Oxygen and Air respectively. Which engine will have higher
efficiency? [TES-2009]
(a) Engine A Pagde Eofvite B
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(c) Engine C (d) All engines have same efficiency
Q3. Which one of the following cycles has the highest thermal efficiency for given
maximum and minimum cycle temperatures? [TES-2005]
(a) Brayton cycle (b) Otto cycle
(c) Diesel cycle (d) Stirling cycle
Q4. For a heat engine operating on the Carnot cycle, the work output is % th of
the heat transferred to the sink. The efficiency of the engine is [TES-2003]
(a) 20 % (b) 33.3 % (c) 40 % (d) 50 %
Q5. The data given in the table refers to an engine based on Carnot cycle, where
1 = Heat received (kJ/min), Q2 = Heat rejected (kd/s), W = Work output (kW)
S. No. Q: Q: W
1. 1500 16.80 8.20
2. 1600 17.92 8.75
3. 1700 19.03 9.30
4. 1800 20.15 9.85
If heat received by the engine is 2000 kJ/minute the work output will be,
nearly, [IES-2001]
(a) 9.98 (b) 10.39 (c) 11.54 (d) 10.95
Q6. A Carnot engine uses nitrogen as the working fluid (y = 1.4). The heat
supplied is 52 kJ and adiabatic expansion ratio 32:1. The receiver
temperature is 295 K. What is the amount of heat rejected? [TES 2007]
(a) 11 kdJ (b) 13 kdJ (c) 26 kdJ (d) 28 kdJ
Q7. In a heat engine operating in a cycle between a source temperature of 606°C
and a sink temperature of 20°C, what will be the least rate of heat rejection
per kW net output of the engine? [TES-2004]
(a) 0.50 kW  (b) 0.667 kW (c) 1.5 kW (d) 0.0341 kW
Q8. Which one of the following changes/sets of changes in the source and sink
temperatures (T: and T2 respectively) of a reversible engine will result in the
maximum improvement in efficiency?
(@) T, +AT () T, -AT
() T,+AT and T, -AT (d) T,—AT and T, —AT [IES-1994]
Q9. A heat engine using lake water at 12°C as source and the surrounding
atmosphere at 2 °C as sink executes 1080 cycles per min. If the amount of heat
drawn per cycle is 57 J, then the output of the engine will be [TES-1993]
(a) 66W (b) 56W (c) 46 W (d) 36 W
Stirling cycle
Q10. What does the reversed ideal Stirling cycle consist of? [TES-2005]

(a) Tow reversible isothermal processes and two reversible adiabatic processes
(b) Two reversible isothermal processes and two reversible isochoric processes
(c) Two reversible isobaric processes and two reversible adiabatic processes

(d) Two reversible adiabatic processes and two reversible isochoric processes

Page 6 of 77
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Q11.

Thermodynamic cycle shown above on the temperature — entropy diagram
pertains to which one of the following?

(a) Stirling cycle (b) Ericsson cycle

(c) Vapour compression cycle (d) Brayton cycle [IES 2007]

Ericsson cycle

Q12.

Q13.

Q14.

Which cycle consists of two reversible isotherms and two reversible isobars?

(a) Carnot cycle (b) Stirling cycle

(c) Ericsson cycle (d) Brayton cycle [TES-2009]
Which one of the following parameters is significant to ascertain chemical
equilibrium of a system? [TES-2009]
(a) Clapeyron relation (b) Maxwell relation

(c) Gibbs function (d) Helmholtz function

Brayton cycle with infinite inter-cooling and reheating stages would
approximate a [TES-2002]
(a) Stirling cycle (b) Ericsson cycle

(c) Otto cycle (d) Atkinson cycle

The constant volume or Otto cycle

Q15.

Q16.

Which one of the following p-T diagrams illustrates the Otto cycle of an ideal

gas? [TES-1996]
P p
(a) (b)
.ﬁ-._“' 1"'
T T
P . .
/ P !
A ST
. T T
Which one of the following diagrams represents Otto cycle on temperature (T)
- entropy (s) plane? [TES-1993]

Page 7 of 77
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Q17. An Otto cycle on internal energy (U) and entropy(s) diagram is shown in

Q18.

Q19.

Q20.

[TES-1992]
(@) Fig. (A) () Fig. (C) () Fig. (B) (d) Fig. (D)

“ == N\

S 3 3 S
Consider the following statements regarding Otto cycle: [IES-1998]
1. It is not a reversible cycle.

2. Its efficiency can be improved by using a working fluid of higher value of
ratio of specific heats.

3. The practical way of increasing its efficiency is to increase the compression
ratio.

4. Carburetted gasoline engines working on Otto cycle can work with
compression ratios more than

Of these statements

(a) 1, 3 and 4 are correct (b) 1, 2 and 3 are correct

(c) 1, 2 and 4 are correct (d) 2, 3 and 4 are correct

For maximum specific output of a constant volume cycle (Otto cycle)

(a) The working fluid should be air [TES-1997]
(b) The speed should be high

(c) Suction temperature should be high

(d) Temperature of the working fluid at the end of compression and expansion should
be equal

In an air standard Otto cycle, r is the volume compression ratio and y is an
adiabatic index (Cp/ Cv), the air standard p v efficiency is given by [IES-2002]
Page 8 of 77
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1 1

@ n=1-— 0 n=1-—
1
© n=1-— @ 7=1-—
r7 r r

Q21. For the same maximum pressure and heat input, the most efficient cycle is
(a) Otto cycle (b) Diesel cycle [TES-2000]
(c) Brayton cycle (d) Dual combustion cycle

Q22. Assertion (A): Power generated by a four stroke engine working on Otto cycle is higher
than the power generated by a two stroke engine for the same swept volume, speed,
temperature and pressure conditions. [TES-2003]
Reason (R): In a four stroke engine one cycle is completed in two revolutions.

(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A
(¢) A is true but R is false

(d) A is false but R is true

The diesel cycle

Q23. Consider the following statements: [IES-2006]
1. For a Diesel cycle, the thermal efficiency decreases as the cut off ratio
increases.

2. In a petrol engine the high voltage for spark is in the order of 1000 V
3. The material for centre electrode in spark plug is carbon.

Which of the statements given above is/are correct?

(a) Only 1 (b) Only 1 and 2

(c) Only 2 and 3 (d)1,2and3

Q24. In an air-standard Diesel cycle, r is the compression ratio, p is the fuel cut -
off ratio and y is the adiabatic index (Cy/ Cy). Its air standard efficiency is

given by [TES-2002]

g | 7=l —1 ]

@y =1- 1y.(” ) ®) y=1- 1,,1.(’) )

y (p-1) yo T (p-1) |

1 (-1 o —1) ]

© n=1- yl.( ) @ p=1- 17()

' (p-1) v (p-1)
Q25. Assertion (A): The air standard efficiency of the diesel cycle decreases as the load is

increased

Reason (R): With increase of load, cut-off ratio increases. [TES-2001]

(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A
(c) A is true but R is false

(d) A is false but R is true

The dual or mixed or limited pressure cycle

Q26. In a standard dual air cycle, for a fixed amount of heat supplied and a fixed
value of compression ratio, the mean effective pressure [TES-2003]
(a) Shall increase with increase in rp (pressure ratio for constant volume heating) and
decrease in r. (constant pressure cut-off ratio)

(b) Shall increase with decrease in rp and increase in rc
Page 9 of 77
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(c) Shall remain independent of rp
(d) Shall remain independent of r.

Comparison of Otto dlesel and dual (Ilmlted pressure) cycles

Q27. V )
ra p :
L Lﬂ
The correct sequence of the cycles given in the above T-S diagrams is
(a) Vapour compression refrigeration, Rankine, Diesel, Otto [TES-2003]
(b) Rankine, Vapour compression refrigeration, Diesel, Brayton
(c) Rankine, Carnot, Otto, Brayton
(d) Vapour compression refrigeration, Carnot, Diesel, Otto
Q28. _
I T V = const
T T
(1) 2)
V = const
s —» s —>
T p = const T
@) T (4) T
V = const
5§ —> § —
The correct sequence of the given four cycles on T-s plane in Figure (1), (2),
3), (4) is [IES-2002]
(a) Rankine, Otto, Carnot and Diesel
(b) Rankine, Otto, Diesel and Carnot
(c) Otto, Rankine, Diesel and Carnot
(d) Otto, Rankine, Carnot and Diesel
Q29. For the same maximum pressure and heat input [IES-1992]

(a) The exhaust temperature of patrol is more than that of diesel engine

(b) The exhaust temperature of diesel engine is more than that of patrol engine

(c) The exhaust temperature of dual cycle engine is less than that of diesel engine
(d) The exhaust temperature of dual cycle engine is more than that of patrol engine

Q30. Match List I with IT and select the correct answer using the code given below

the [IES 2007]
Lists:
List I List IT
(Prime Mover) (Air Standard Cycle)
A. High Speed diesel engine 1. Atkinson Cycle
B. IC engine having expansion 2. Dual combustion limited pressure

ratio greater than compression pa§io1 ey
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Q31.

Q32.

Q33.

Q34.

Q35.

C. Pulse jet engine 3. Erickson Cycle
D. Gas turbine with multistage 4. Lenoir cycle
compression and multistage expansion

Code:

A B C D A B C D
(a) 3 1 4 2 ®) 2 4 1 3
© 3 4 1 2 @ 2 1 4 3

The order of values of thermal efficiency of Otto, Diesel and Dual cycle, when
they have equal compression ratio and heat rejection, is given by [IES-2002]

(a) 770tt0 > ndiesel > ndual (b) ndiesel > ndual > 770tt0

(C) 77dual > ndiesel > notto (d) notto > ndual > 77diese|

Match List-I with List-II and select the correct answer using the codes given

below the lists: [TES-2001]
List-I List-IT

(Cycles operating between (Characteristic of cycle efficiency n)

fixed temperature limits)

A. Otto cycle 1. n depends only upon temperature limits

B. Diesel cycle 2. ndepends only on pressure limits

C. Carnot cycle 3. n depends on volume compression ratio

D. Brayton cycle 4. n depends on cut-off ratio and volume

compression ratio

A B C D A B C D

(a) 3 4 1 2 (b) 1 4 3 2
© 3 2 1 4 @ 1 2 3 4

Match List-I with List-II and select the correct answer using the codes given
below the lists: [IES-2001]

List-I List-IT
A. Air standard efficiency of Otto cycle 1. Mechanical efficiency
B. Morse test 2. Diesel cycle
C. Constant volume cycle 3. Brake thermal efficiency
D. Constant pressure heat addition 4. Otto cycle

il
r

Codes:

A B C D A B C D
(a) 5 1 4 2 (b) 3 5 2 4
(c) 3 5 4 2 (c) 5 1 2 4

Assertion (A): The C.I. engine is found to be more efficient than an S.I. engine.
Reason (R): Modern C.I. engines operate on a dual-cycle, which has efficiency greater
than the Otto cycle. [TIES-2001]
(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A

(c) A is true but R is false

(d) A is false but R is true

Match List-I (name of cycles) with List-II (pv diagrams) and select the correct
answer using the codes given below the lists: [TES-1999]
List I List II

Page 11 of 77
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A. Stirling cycle 1l

Isthermal
p %

LH

B. Diesel cycle 2. .

Adiabatic
P %

——————— -
v
C. Otto cycle 3, F
Adiabatic
b
—
D. Atkinson cycle 4, 4

Adiabatic
B %

————— i

u
5~ [ 3
Adiabatic
NN

A B C D A B C
(@) 2 3 1 5 1) 1 3 2 5
(© 2 3 1 4 (d) 5 3 2

Code:

Q36. Match List-I (details of the processes of the cycle) with List-IT (name of the

Q37.

cycle) and select correct answer using the codes given below the Lists:

List-I List-II [TES-1997]
A. Two isothermals and two adiabatic 1. Otto

B. Two isothermals and two constant volumes 2. Joule

C. Two adiabatic and two constant volumes 3. Carnot

D. Two adiabatic and two constant pressures 4, Stirling

Code:

A B C D A B C D
(@ 4 3 1 2 ®) 4 3 2 1
© 3 4 1 2 @ 3 4 2 1

Assertion (A): In practice, the efficiency of diesel engines is higher than that of petrol
engines. [TES-1997]
Reason (R): For the same compression ratio, the efficiency of diesel cycle is higher
than that of Otto cycle.

(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A

(c) A is true but R is false
Page 12 of 77
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Q38.

Q39.

Q40.

Q41.

(d) A is false but R is true

For constant maximum pressure and heat input, the air standard efficiency of
gas power cycles is in the order [TES-1993]
(a) Diesel cycle, dual cycle, Otto cycle
(b) Otto cycle, Diesel cycle, dual cycle
(c) Dual cycle, Otto cycle, Diesel cycle
(d) Diesel. cycle, Otto cycle, dual cycle

For the same maximum pressure and temperature [IES-1992]
(a) Otto cycle is more efficient than diesel cycle

(b) Diesel cycle is more efficient than Otto cycle

(c) Dual cycle is more efficient than Otto and diesel cycles

(d) Dual cycle is less efficient than Otto diesel cycles

Match List I (Cycles) with List II (Processes) and select the correct answer

using the codes given below the Lists: [TES-2003]
List I List IT
(Cycles) (Processes)

A. Bell Coleman cycle 1. One constant pressure, one constant volume and
two is entropic

B. Stirling cycle 2. Two constant pressure and two is entropic
C. Ericsson cycle 3. Two constant pressure and two isothermal
D. Diesel cycle 4. Two constant volume and two isothermal
Codes:

A B C D A B C D
(a) 2 3 4 1 ® 1 4 3 2
(¢ 2 4 3 1 (d) 1 3 4 2

Match List-l (Gas Cycles) with List-1l (Thermodynamic co-ordinates) and

select the correct answer using the codes given below the lists: [IES-2009]
List-1 List-II
A. Carnot cycle 1. Pressure-Entropy
B. Brayton cycle 2. Pressure-Temperature
C. Ericsson cycle 3. Temperature-Volume
D. Stirling cycle 4. Temperature-Entropy
Codes:
A B C D A B C D

(a) 4 2 1 3 () 3 2 1 4
(©) 4 1 2 3 d 3 1 2 4

Previous Years IAS Questions

Carnot cycle

Q1.

Assertion (A): Two engines A and B work on the Carnot cycle. Engine A uses air as
the working substance and B uses steam as the working substance. Both engines are
having same efficiency. [IAS-2007]
Reason (R): Carnot cycle efficiency is independent of working substance.

(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A

(c) A is true but R is false

(d) A is false but R is true Page 13 of 77
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Q2. A heat engine working on Carnot cycle receives heat at the rate of 40 kW from
a source at 1200 K and rejects it to a sink at 300 K. The heat rejected is
(a) 30 kW (b) 20 kW (c) 10 kW (d) 5 kW [IAS-2001]

Q3. A heat engine using lake water at 12°C as source and the surrounding
atmosphere at 2°C as sink executes 1080 cycles per min. If amount of heat
supplied per cycle is 57 J, what is the output of the engine? [IAS-2004]
(a) 66 W (b) 56 W (c) 46 W (d) 36 W

Stirling cycle

Q4. Which one of the following pairs of air standard cycles has the same efficiency
as that of Carnot cycle when operating between the same maximum (source)
and minimum (sink) temperatures together with ideal regeneration?

(a) Otto and Brayton (b) Brayton and Ericsson
(c) Ericsson and Stirling (d) Stirling and Otto [IAS-1997]

Ericsson cycle

Q5. A gas turbine cycle with infinitely large number of stages during compression

and expansion approaches [IAS-2003]
(a) Stirling cycle (b) Atkinson cycle
(c) Ericsson cycle (d) Brayton cycle

Lenoir cycle

Q6. Pulse jet engine operation can be idealized/ approximated to follow which one

of the following? [IAS-2007]
(a) Brayton cycle (b) Ericsson cycle
(c) Lenoir cycle (d) Stirling cycle

The diesel cycle

Q7. In the case of a Diesel cycle, increasing the cut-off ratio will increase
(a) Efficiency (b) mean effective pressure [TAS-1996]
(c) The maximum weight (d) the engine weight

Comparison of Otto, diesel, and dual (limited-pressure)

cycles
Q8. Match List - I (Thermodynamic system/prime mover) with List - 1II
(Thermodynamic Cycle) and select the correct answer using the codes given

below the list: [IAS-1998]
List -1 List - II
A. Air liquefaction plant 1. Atkinson cycle
B. Gas turbine with multistage compression 2. Brayton cycle
and multistage expansion
C. Free piston engine/compressor with 3. Ericsson cycle
a gas turbine
D. Pulse jet 4. Reversed striling cycle
5. Lenoir cycle
Codes:
A B C D A B C D
(2 1 2 4 3 ® 1 2 3 4
(c) 4 3 1 5 (d) 4 3 5 1

Page 14 of 77
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Q9.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Q16.

Assertion (A): For a given compression ratio, the thermal efficiency of the Diesel cycle
will be higher than that of the Otto cycle. [IAS-2000]
Reason(R): In the Diesel cycle, work is also delivered during heat addition.

(a) Both A and R are individually true and R is the correct explanation of A

(b) Both A and R are individually true but R is not the correct explanation of A

(c) A is true but R is false

(d) A 1s false but R is true

Match List I (Cycle) with List II (Process) and select the correct answer:

List I List 11
A. Otto 1. Two isothermal and two constant volumes [IAS-2000]
B. Stirling 2. Two isothermal and two isobars
C. Ericsson 3 Two isentropic and two isobar
D. Brayton 4. Two isentropic and two constant volume
5. Two isentropic and two isothermal

A B C D A B C D

(a) 2 3 1 (b) 3 2 1 4

4
© 3 2 4 1 @ 2 3 1 4

The air standard efficiency of diesel cycle will be less than that of Otto cycle
in the case of [TAS-1999]
(a) Same compression ratio and same heat input

(b) Same maximum pressure and same heat input

(c) Same maximum pressure and same output

(d) Same maximum pressure and S8. me maximum temperature

Which one of the following cycles working within the same temperature limits

has the highest work ratio? [IAS-1998]
(a) Carnot cycle (b) Joule cycle
(c) Otto cycle (d) Rankine cycle
Match List I with List IT and select the correct answer using the codes given
below the lists: [IAS-1996]
List I List 11
A. Compression ratio 1. Brayton cycle
B. Pressure ratio 2. Diesel cycle
C. Cut-off ratio 3. Dual combustion cycle
D. Explosion ratio 4. Otto cycle
Codes: A B C D A B C D
(a) 1 4 3 2 (b) 1 4 2 3
(c) 4 1 2 3 (d) 4 1 3 2

A Diesel and Otto cycle have the same compression ratio 'r'. The cut-off ratio
of the cycle is‘s’. The air standard efficiency of these cycles will be equal when
@sk-k(s-1)-1=0 (b)sk-k(s-1)+1=0 [TAS-1996]
()sk-k(s-1)+1=0 (d)sk-(s-1)-k=0

For the same compression ratio and the same heat input, the correct
sequence of the increasing order of the thermal efficiencies of the given

cycles is [TAS-1996]
(a) Otto, Diesel, dual (b) Diesel, dual Otto
(c) Dual, Diesel, Otto (d) Dual, Otto, Diesel

Match List I with List II and select the correct answer using the codes given
below the lists: [IAS-1995]
List-1 Page 15 of 77 List-II
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A. Twoconstant volumes and two adiabatics 1. Ericsson
B. Twoconstant pressures and two adiabatics 2. Stirling
C.Twoconstant volumes and two isothermals 3. Joule
D. Twoconstant pressure and two isothermals 4. Otto
Codes: A B C D A C D

Q17.

Q18.

B
(a) 3 4 2 1 (b) 3 4 1 2
() 4 3 1 2 (d) 4 3 2 1

Otto cycle efficiency is higher than Diesel cycle efficiency for the same
compression ratio and heat input because, in Otto cycle [TIAS 1994]
(a) Combustion is at constant volume

(b) Expansion and compression are isentropic

(c) Maximum temperature is higher

(d) Heat rejection is lower

Which one of the following hypothetical heat engine cycle represents
maximum efficiency? [TIAS-1999]
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ANSWER WITH EXPLANATION

Previous Years GATE Answers

1. Ans. (a) n = g or0.75 = Z—O orQ, = 66.67kJ

1 1

And W=Q,-Q, orQ,=66.67-50=162/kJ

2. Ans. (b) 7.0 = 1-Jmn or 075 -1-—Tme__ =T = 250K =-23°C
T (273 +727)
3. Ans. (d)
4. Ans. (¢) 7 :ﬂ :1_&:1_2 =12.5%
Q, Q, 80

5. Ans. (¢) Note:
(1) Since part of the heat is transfers at constant volume process, the efficiency of the
Stirling cycle is less than that of the Carnot cycle.
(i1) The regenerative Stirling cycle has the same efficiency as that of Carnot cycle
(ii1) Efficiency of Stirling cycle without regeneration

[_E—1J+(7—1)Inr
[_-::1—1)+(7—1)_-::1Inr

2 2

n=1-

6 Ans. (d)
7. Ans. (¢) Brayton cycle with many stages of intercooling and reheating approximates to
Ericsson cycle.
1

8. Ans. (b) Intake process isn’t constant volume heat rejection processes. it is
constant pressure process.

c i

9. Ans. (d) 3
Initial volume (v1)
2 0.1’ P

Z%XL:MXO.15m3:1.1781><10‘3m3 el 4

Final Volume (v2) I E

=196.3 cc =0.1963 x 103 m3 = v d

1

..Compression ratio = YitVe _ 7 i

v i

I

1

p=1-—-1-_1__05408 Ve
<= —rcy_l— Btk i
W =7Q =0.5408x1800 = 973.5kJ T_“—'_ Vs "_P1
10. Ans. (d) compressionratio (r,)=11 ..z :1—% :1——( )ll“ =0.615
re 11)
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1 1
11. Ans. (a) %z = [1— rcyljxloO% = [1— Wj %100 = 57.5%
12. Ans.(d) 3
__area of p—v diagram T 1500 kJ
length of p —v diagram P
_ work done ‘ 2 4
AV 700 kJ
— Ql — Qz 1
(Vl - Vz) V———
_ (1500-700)KJ r—10- 1
~ (0.861-0.0861)m* / kg Va
~1032 KPa PV, =RT,
0.287 x(300) ,
== A - 0.861m° / kg
100
V, =0.0861
13. Ans. (b) r, = ViV orV,=r_xV, =55V, 3
V2 VC
Work per cycle
Pm =5 .
Piston displacement volume p
_ 23.625x10° x V, N/ m? 4
(V,-V,) 2
5 b &
_23625x10°xV, o \L
(5.5, -V,) ]
Ve 4
14. Ans. (a)
15. Ans. (b)
3(600K)
3(v
¥
Y 2 (450K v
2 (450K T
T
4
4
1 (300K)
1 (300K) S
S
Otto cycle Brayton cycle
1 v, o, T 300
=g =1-—=1-| 2| =1--+=1-""2-0.33
ﬂOtto ’70 0771 [Vlj T2 450
y-1
1 1 v, T, 300
=gy =1l-—=1-—=1-|-2| =1--1=1-""--0.33
Mgrayton = s = rc;/fl {Vlj T, 450
r’
16. Ans. (a)
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y-1

oo [P | “Te_ T i1 1 T2 600x 220 _gook
P, T T T, 300
y1
Brayton B =L:L orT, T><T— 550 % @—825K
P, T T, T, 300
WOtto = Cp (T3 - T4 )0 and WBrayton = Cp (TS - T4 )B
SO WOIIO >WBraylon

17. Ans. (¢)
18. Ans. (a, d)

Previous Years IES Answers

1. Ans. (b)

Carnot Cycle
Tdeal gas worling fluid

2. Ans. (d) We know that
n=1--*

1
Since Efficiency of the Engine purely depends upon source and sink temperatures and
independent of the working substances. All the engines have same efficiency
3. Ans. (d) Don’t confuse with Diesel cycle. As stirling cycle’s efficiency is equal to Carnot
cycle.
4. Ans. (a)
5. Ans. (d)

-1
* r-1 1.4-1
6.Ans. ) 22 = | P |" =[] Given 2 =320r 2= (Lj _ 1
T, p, v, v, T, 32 4

1
(_?1—?2 or Q= le T 52XZ =13 kJ

Qz

7. Ans. (a) Least rate of heat rejection per kW net output ==2 it will occur when reversible

process will occur.

&:&:Ql sz W or &: T, _ 203 _
T T, T-T, T-T, W T,-T, 879-293

8. Ans. (¢) For maximum improvement in efficiency source temperature should be raised and

sink temperature lowered.
0O A (AN TTAwaAr M. —O79 1 10 — OQROTZ
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10.
11.

12.

13.
. Ans. (b)
15.
16.
17.
18.
19.
20.
. Ans. (b)
. Ans. (d)
23.

14

21
22

24

27

34

Heat drawn per cycle = 57J and no. of cycles per m = 1080 i.e. 1080/60 = 18 cycles/sec.
_T-T, 285-275 Workdone Workdone

T, 285  Heatinput 57
work done per cycle = 12227 J and work done per sec = 5;2 x18J/s =36 W
Ans. (b)
Ans. (a) 1-2 and 3-4 are isothermal process

2-3 and 4-1 may be isobaric or isochoric process
So this cycle may be Starling cycle of Ericsson cycle but steepness of the curve 2-3 and
1-4 is very high. Therefore we may say it is Starling cycle.

Ans. (¢)

>
|5}

Isotherms

\

1 4

Ans. (c¢)

Ans. (a)
Ans. (c) Otto cycle involves two isentropic and two constant volume processes.
Ans. (¢)
Ans. (d)
Ans. (d)
Ans. (a)

Ans. (a) 2 is false, the voltage for spark is in the order of 25 KV
3 is false, best material platinum but mostly used nickel alloy.

. Ans. (¢)
25.
26.

Ans. (a)
Ans. (a)

=gonst
P 4

. Ans. (b)
28.
29.
30.
31.
32.
33.
. Ans. (b)
35.

Ans. (b)
Ans. (a)
Ans. (d)
Ans. (d)
Ans. (a)
Ans. (a)

Ans. (b) Page 20 of 77




Gas Power Cycles
S K Mondal’s Chapter 1

36. Ans. (¢)

37. Ans. (¢)

38. Ans. (a)

39. Ans. (b)
Following figures shows cycles with same maximum pressure and same maximum
temperature. In this case, Otto cycle has to be limited to lower compression ratio to
fulfil the condition that point 3 is to be a common state for both cycles. T-s diagram

shows that both cycles will reject the same amount of heat.
Q Constant

Thermal efficiency = 1 -
qupplied Q:mpplied

Thus the cycle with greater heat addition Q,pphiea is morc cfficient.
: Mpisset ~ MNowat = Mot
40. Ans. (¢)
41. Ans. (¢)

Previous Years IAS Answers

.. T, . .
1. Ans. (d) efficiency of cannot cycle (77) =1-?2 it only depends on reservoirs temperature
1
nothing else.

2. Ans. () 2= orQ, =2t =22 300 -10kwW
T T, T1 1200
3.Ans. (d) 7 —1—T——1—2£—0 0351
T, 285
1080
Output =77,Q =0.0351x573/cycle=1.2J /cycle=2x W =36W
4. Ans. (¢)
5. Ans. (¢)
6. Ans. (c¢)
7. Ans. (b)
8. Ans. (c¢)
9. Ans. (d) For same compression ratio Otto cycle has maximum efficiency.

10. Ans. (a)

11. Ans. (a)
12. Ans. (d) W, is pump work in liquid state i.e. minimum
13. Ans. (¢)
14. Ans. (a)
1 (s

Motto zl_rk_d = Tiest =1- k(S 1) k 1

or S"-1=k(s-1) or S*-k(s-1)-1=0
15. Ans. (b)
16. Ans. (d)

17. Ans. (d) For same heat input and same compression ratio, in case of Otto cycle, efficiency
in higher because the heat rejection is lower.
18. Ans. (b)
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Work done by all casesissame= % x(5—-1)x(700-300) = 800 units

Heatinputfor (a)and (c)issame= 700 x (5 - 1) = 280units

Heatinput for (b) 15{300 x [5 ; 1) o1 (%)(700 - 300)} =1000units

Heatinput for (d)is {300 x(5-1)+ % x(5—-1)x(700 - 300)} = 2000units

s.maximum 7 when minimum heatinputiscase(b)

2
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2. Sl and CI Engines
OBJECTIVE QUESTIONS (GATE & IES)

Previous Years GATE Questions

Ignition limits
Q1. A fuel represented by the formula CsHis is used in an LLE. Engine. Given that
the molecular weight of air is 29 and that 4.76 kmols of air contain 1 kmol of

oxygen and 3.76 kmol of nitrogen, the Air /Fuel ratio by mass is [GATE-2000]
(a) 11.47 (b) 12.78 (c) 14.79 (d) 19.52

Q2. For a spark ignition engine, the equivalence ratio (¢) of mixture entering the
combustion chamber has values [GATE-2003]
(a) ¢ <1 foridling and ¢ > 1 for peak power conditions
(b) ¢ > 1 for both idling and peak power conditions
(¢) ¢ > 1 for idling and ¢ < 1 for peak power conditions
(d) ¢ <1 for both idling and peak power conditions

Combustion in Sl engine

Q3. Knocking tendency in a S.l. engine reduces with increasing [GATE-1993]
(a) Compression ratio (b) wall temperature
(c) Supercharging (d) engine speed

Diesel knock

Q4. An IC engine has a bore and stroke of 2 units each. The area to calculate heat
loss can be taken as [GATE-1998]

(a)47z (b)57r (C) 67 (d) 87

Previous Years IES Questions

Ignition limits
Q1. For a conventional S.I. engine, what is the value of fuel-air ratio in the normal
operating range?

(a) 0.056 — 0.083 (b) 0.083 — 0.56

(c) 0.0056 — 0.83 (d) 0.056 — 0.83 [IES 2007]
Q2. The stoichiometric air/fuel ratio for petrol is 15: 1. [IES-2004]

What is the air/fuel ratio required for maximum power?

(a)16:1-18:1 (b)15:1 (c)12:1-18:1 (d9:1-11:1

Q3. The air fuel ratio for idling speed of an automobile patrol engine is closer to
(a) 10: 1 (b)15:1 ()17:1 (¢) 21: 1 [TES-1992]
Page 23 of 77
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Q4. Match List I with List II and select the correct answer using the given code
given below the lists: [IES 2007]
List I List I
(S1 Engine Operational mode) (A/F Ratio Supplied by the Carburetor)
A. Idling 1. 3
B. Cruising 2. 10
C. Maximum Power 3. 13
D. Cold starting 4. 16
5. 20
Codes:
A B C D A B C D
(a) 2 4 5 1 (b) 4 5 3 2
(c) 2 4 3 1 (d) 4 5 3 1
Q5. Match List I (S.I. Engine Operational Mode) with List II (Air fuel Ratio by
Mass) and select the correct answer: [TES-2004]
List I List II
A. Idling 1.4:1
B. Cruising 2.10: 1
C. Maximum power 3.12.5:1
D. Cold starting 4.16: 1
5.14.8:1
A B C D A B C D
(a) 2 4 3 1 (b) 5 4 1 3
(c) 2 3 5 1 (d) 5 3 1 4
Q6. The air fuel ration for idling speed of an automobile patrol engine is closer to
(a) 10: 1 (b)15:1 ()17:1 (c)21: 1 [TES-1992]
Q7. Match List I with List IT and select the correct answer [TES-1996]
List I (SI engine operating mode) List II (Desired air-fuel ratio)
A. Idling 1.13.0
B. Cold starting 2. 4.0.
C. Cruising 3.16.0
D. Full throttle 4.9.0
Codes: A B C D A B C D
(a) 4 2 3 1 (b) 2 4 1 3
(c) 1 2 1 3 (d) 2 4 3 1
Q8. Match List I (Air-fuel ratio by mass) with List II (Engine operation mode) and
select the correct answer using the codes given below the Lists [TES-2000]
List I List II
A.10:1 1. CI engine part load
B.16:1 2. SI engine part load
C.35:1 3. SI engine idling
D.12.5:1 4. CI full load
5. SI full load
Codes: A B C D A B C D
(a) 3 2 1 5 b 4 2 1 5
© 3 1 2 4 @ 4 1 2 3
Q9. Match List I with List II and select the correct answer using the codes given

below the lists:

List I (Operating mode of SI engine) List II (Appropriate Air-Fuel ratio)

A. Idling 1.12.5 [TES-1995]
B. Cold starting Page 22097
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C. Cruising
D. Maximum power

Codes: A B C D
(a) 2 4 5 1
(¢ 5 2 1 3

Chapter 2
3.16.0
4. 22.0
5.3.0
A B C D
b)) 1 3 4 2
d 2 5 3 1

Q10. Match List I (S.I. Engine Operating Mode) with List II (Approximate A/F
Ratio) and select the correct answer using the code given below the Lists:

List I List 11 [IES-2005]
A Cold Start 1.10: 1
B. Idling 2. 16:1
C. Cruising 3.13:1
D. Maximum Power 4.4:1
5.20:1
A B C D A B C D
(a) 4 3 2 1 (b) 2 1 5 3
(c) 4 1 2 3 (d) 2 3 5 1
Q11. Match List I with List IT and select the correct answer. [TES-1994]
List I (Operating condition) List IT (Approximate air fuel ratio)
A. Idling 1.16
B. Part load operation 2.10
C. Full load 3.12.5
D. Cold start 4.3
Codes: A B C D A B C D
(a) 2 1 3 4 b 1 2 4 3
(c) 2 1 4 3 (d) 1 2 3 4

Q12. If methane undergoes combustion with the stoichiometric quantity of air, the
air-fuel ratio on molar basis would be: [TES-1997]
(a) 15.22: 1 (b) 12.30: 1 (c) 14.56: 1 (d) 9.52: 1

Q13. Stoichiometric air-fuel ratio by volume for combustion of methane in air is:
(a) 15: 1 (b)17.16: 1 (c) 9.52: 1 (d) 10.58: 1 [IES-2002]

Q14. Auto -ignition time for petrol- air mixture is minimum when the ratio of
actual fuel-air ratio and chemically correct fuel air ratio is [IES-2002]
(a) 0.8 (b) 1.0 (c) 1.2 1.5

Combustion in Sl engine

Q15. Velocity of flame propagation in the SI engine is maximum for a fuel-air
mixture which is [TES-1999]
(a) 10% richer than stoichiometric
(b) Equal to stoichiometric
(c) More than 10% richer than stoichiometric
(d) 10% leaner than stoichiometric

Q16. Assertion (A): In SI engines, as the engine speed increases, spark is required to be
advanced.
Reason (R): As the engine speed increases, flame velocity increases.
(a) Both A and R are individually true and R is the correct explanation of A
(b) Both A and R are individually true but R is not the correct explanation of A
(c) A is true but R is false
(d) A is false but R is true

[TES-1996]
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Q17. Which of the following cannot be caused by a hot spark plug?
2. Post-ignition

1. Pre-ignition

[IES-2005]

3. Detonation 4. Run-on-ignition

Select the correct answer using the code given below:

(a) 1 and 4 (b) 2 only
Q18.
(a) Higher heating value
(c) Lower volatility
Q19.
below the lists:
List I
(S.1. Engine problem)
A. Cold starting
B. Carburetor icing
C. Crankcase dilution
Code: A B C
(a) 1 2 3
(c) 2 3 1
Q20.

By higher octane number of SI fuel, it is meant that the fuel has

(¢)2and 3 (d) 3 only

[TES-1995]
(b) higher flash point
(d) longer ignition delay

Match List I with List IT and select the correct answer using the codes given

[IES-1993]

List IT
(Characteristic of fuel responsible for the problem)
1. Front end volatility
2. Mid-range volatility
3. Tail end volatility

A B C
(b) 1 3 2
(d) 3 1 2

List I gives the different terms related to combustion while List II gives the

outcome of the events that follow. Match List I with List II and select the

correct answer.

List I

A. Association

B. Dissociation

C. Flame front

D. Abnormal combustion

Code: A B C
(a) 3 4 1
(c) 3 4 2

Detonation or knocki

[TES-1996]
List II
1. Pseudo shock
2. Knock
3. Endothermic
4. Exothermic

D A B C D
2 ®b) 4 3 1 2
1 @ 4 3 2 1

ng

Q21. Which of the following factors increase detonation in the SI engine?

1. Increased spark advance. [TES-1993]
2. Increased speed.
3. Increased air-fuel ratio beyond stoichiometric strength
4. Increased compression ratio.
Select the correct answer using the codes given below:
(a) 1 and 3 (b) 2 and 4 (c)1,2and 4 (d)1and 4

Q22. Consider the following statements: [TIES-2006]
1. In the SI engines detonation occurs near the end of combustion whereas in
CI engines knocking occurs near the beginning of combustion.
2. In SI engines no problems are encountered on account of pre-ignition.
3. Low inlet pressure and temperature reduce knocking tendency in SI
engines but increase the knocking tendency in CI engines.
Which of the statements given above are correct?
(a) 1,2 and 3 (b) Only 1 and 2 (c) Only 2 and 3 (d) Only 1 and 3

Q23. The tendency of petrol to detonate in terms of octane number is determined

by comparison of fuel with which of the following? [TES-2006]
(a) Iso-octane (b) Mixture of normal heptane and iso-octane
(c) Alpha methyl naphthalene Page Zé(nyikture of methane and ethane
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Q24.

Q25.

Q26.

Q27.

Q28.

Q29.

Q30.

Q31.

Consider the following statements: [TES-2006]
In order to prevent detonation in a spark-ignition engine, the charge away
from the spark plug should have

1. Low temperature 2. Low density 3. Long ignition delay
Which of the statements given above is/are correct?
(a) Only 1 (b) Only 2 (c) Only 3 (d)1,2and 3

For minimizing knocking tendency is SI engine, where should the space plug
be located? [TES-2008]
(a) Near inlet valve

(b) Away from both the valves

(c) Near exhaust valve

(d) Midway between inlet and exhaust valves

Which of the following action(s) increaser(s) the knocking tendency in the S I.
engine?

(a) Increasing mixture strength beyond equivalence ratio (¢) =14 [TES-2004]
(b) Retarding the spark and increasing the compression ratio

(c) Increasing the compression ratio and reducing engine speed

(d) Increasing both mixture strength beyond equivalence ratio (¢)= 14 and the
compression ratio

In spark ignition engines knocking can be reduced by: [TES-2002]
(a) Increasing the compression ratio

(b) Increasing the cooling water temperature

(c) Retarding the spark advance

(d) Increasing the inlet air temperature

In a SI engine, combustion stage I takes 1 ms and combustion stage II takes
1'5 ms when the engine runs at 1000 rpm. If stage I time duration is
independent of engine speed what will be the additional spark advance
necessary when the engine speed is doubled? [IES-2008]
(a) 0° (b) 6° (c) 12° (d) 24°

Which of the following are the assumptions involved in the auto-ignition
theory put forth for the onset of knock in SI engines? [TES-1998]
1. Flame velocity is normal before the onset of auto ignition.

2. A number of end-gas elements auto ignite simultaneously.

3. Preflame reactions are responsible for preparing the end-gas to ignite.
Select the correct answer using the codes given below:

(a) 1 and 2 (b) 1 and 3 (c) 2 and 3 (d1,2and 3

Consider the following statements: [IES-1996]
Knock in the SI engine can be reduced by

1. Supercharging

2. Retarding the spark.

3. Using a fuel of long straight chain structure

4. Increasing the engine speed.

Of these correct statements are

(a) 1 and 2 (b) 2 and 3 (¢)1,3and 4 (d) 2 and 4

Assertion (A): Self-ignition temperature of the end charge must be higher to prevent
knocking of an SI engine. [TES-1994]
Reason (R): Higher compression ration increases the temperature of the air-fuel
mixture. Page 27 of 77
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(a) Both A and R are individually true and R is the correct explanation of A
(b) Both A and R are individually true but R is not the correct explanation of A

(c