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EXAMINATION NOV/DEC 2019
Applied Thermodynamics - I
[Duration: Three Hours] [Max. Marks: 100]
Instructions: 1) Answer FIVE questions. At least TWO from PART — A, TWO from PART — B
and ONE from PART - C.
2) MISSION data, if any may be suitably ASSUMED.
3) lllustrate your answers with figures wherever required.
4) Figures to right indicate full marks.
5) Use of Thermodynamic tables and charts is permitted.
PART - A
Answer ANY TWO questions of the following..
Q.1 (A)Define the following terms with respect to thermodynamics by giving suitable  (06)
examples.
i) Open System
i) Extensive property
iii) ~ Thermodynamic equilibrium
(B) List down the various thermodynamic processes. (08)

Derive the heat and work transfer relations for a reversible process in which
pressure and volume are related by pv"=constant.

(C) A house wife, on a warm summer day, decides to beat the heat by closing the  (06)
windows and doors in the kitchen and opening the refrigerator door. At first she
feels cool and refreshed, but after a while the effect begins to wear off.
Evaluate the situation as it relates to First Law of Thermodynamics, considering the
room including the refrigerator as the system.

Q.2 v (A)State the steady flow energy equation for steady flow systems and simplify the  (06)
steady flow energy equation when applied for the following systems:
i) Turbine
ii) Nozzle

(B) Which is the more effective way to increase the efficiency of a Carnot engine: to  (07)
increase T1 keeping T2 constant; or to decrease T2, keeping T1 constant?

(C) Source 1 can supply energy at the rate of 12000 KJ/min at 320°C. A second source  (07)
2 can supply energy at the rate of 120000 kJ/min at 70°C. Which source (1 or 2)
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would you choose to supply energy to an ideal reversible heat engine that is to
produce large amount of power if the temperature of the surroundings is 35°C?

Q.3 (A)Explain what is PPM-1? Discuss on the limitations of the first law of
thermodynamics.

(B) What are the characteristics of entropy? Prove that entropy is a property of the
system. *

(C) Air flows steadily at the rate of 0.5 Kg/s through an air compressor, entering at 7
m/s velocity, 100 KPa pressure, and 0.95 m>/kg volumes, and leaving at 5 m/s, 700
KPa, and 0.19 m’/kg. The internal energy of the air leaving is 90 ki/kg greater than
that of the air entering. Cooling water in the compressor jackets absorbs heat from
the air at the rate of 58 KW. Compute the following
i. The rate of shaft work input to the air in kW.

ii. Ratio of the inlet pipe diameter to outlet pipe diameter.

PART -B
Answer ANY TWO questions of the following.

Q4 (A) With a neat p-v and T-s diagram derive the air standard efficiency of Otto cycle in
terms of compression ratio.

(B) In an air standard diesel cycle, the compression ratio is 16, and at the-beginning of
isentropic compression, the temperature is 30°C and the pressure is 1 bar. Heat is
added until the temperature at the end of the constant pressure process is 1500°C.
Take for air cp=1.005KJ/KgK, cv=0.718KJ/KgK and R=0.287KJ/KgK. Calculate
i) The heat supplied per kg of air
i) Cycle efficiency
iii)  Cut-off ratio

Q.5 (A) With the help of neat p-v plots and T-s plots prove that Otto cycle is more efficient
than Diesel cycle for the same compression ratio and same heat input.

(B) With the help of a neat p-v and T-s diagram explain the processes that constitute the

Stirling cycle. Show that the regenerative Stirling cycle has the same efficiency as

the Carnot cycle.

(C)Discuss the .merits and demerits of Brayton cycle applied to the reciprocating
engines and turbines.
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(A)A turbojet aircraft flies with a velocity of 300 m/s at an altitude where the air is at
0.35 bar and -40°C. The compressor has a pressure ratio of 10, and the temperature
of the gases at the turbine inlet is 1100°C. Air enters the compressor at the rate of
50 kg/s. estimate
a) The temperature and pressure of the gases at the turbine exit.

B) The velocity of the gases at the nozzle exit.
¢) The propulsive efficiency of the cycle.

(B) The products of combustion of an unknown hydrocarbon CxHy have the following
composition as measured by an Orsat apparatus: CO2 8%, CO 0.9%, O2 8.8% and
N2 82.3%. (Molecular weight H2=2, 02=32, N2=28, C=12, S=32)

Determine: :
a) The composition of the fuel

b) A/F ratio

¢) The percentage of excess air used

PART -C

Answer ANY ONE question of the following.

(A)Define heat and work. Prove that heat and work are path functions

(B) State and prove Carnot’s theorem.

(C) Why the second law is called a directional law of nature? How is entropy related to
molecular disorder in a system? .

(A)Define and explain the terms thrust power, propulsive power and propulsive
efficiency.

(B) Explain the following terms:
i) Combustion efficiency and combustion.

i) Adiabatic flame temperature.

(C) Explain why two reversible adiabatic paths cannot intersect each other?
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