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Explain the working of an air refrigeration
system with a schematic and T-S diagram.
Derive the expression for COP,

L3

CO5

10 M
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THERMODYNAMICS
(MECHANICAL ENGINEERING)

Max. Marks: 70

Note: 1. This question paper contains two Parts A and B.
2. Part-A contains 10 short answer questions. Each Question carries 2

BL -~ Blooms Level

Marks.

3. Part-B contains 5 essay questions with an internal choice from each unit.

Each Question carries 10 marks.
4. All parts of Question paper must be answered in one place.

CO — Course Outcome

PART - A
BL | €O
l.a) | Distinguish between mMacroscopic and 12 | cot
microscopic viewpoints in thermodynamics.
1.b) |Define intensive property and extensive property. | L1 | CO1
l.c) |State the Zeroth Law of Thermodynamics. L3 [CO2
1.d) |Define . enthalpy and write its mathematical L1 | con
expression.
l.e) peﬁnc entropy and state the principle of entropy L1 | co3
increase.
1.f) |State Carnot's principle. L1 €03
1.g) |Define .dryness fractlon and write its L1 | coa
mathematical expression.
1.h) | State the Clausius-Clapeyron equation. L1 | CO4
1.1) | List the four processes of Otto cycle. L1 | COS5
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1.j) |Define sensible heat, latent heat, and sensible

heat factor.

L1

COs5

PART - B

Bl

CO

Marks

An insulated rigid vessel is divided into two
chambers of equal volumes. One chamber
contains air at 500 K and 2 MPa. The other
chamber is evacuated. If the two chambers
are connected d, what would be the entropy
change?

L3

co3

10 M

UNIT-I

2 |Define and differentiate between open,
closed, and isolated systems with examples.

Lo

COl

10 M

UNIT-IV

OR

3 |Explain the concept of thermodynamic
equilibrium. Illustrate with suitable examples.

L2

COl

10M

UNIT-1I

A vessel of volume 0.04 m’ contains a
mixture of saturated water and saturated
steam at a temperature of 250°C. The mass of
the liquid present is 9 kg. Find the pressure,
the mass, the specific volume, the enthalpy,
the entropy, and the internal energy.

L3

CO4

10 M

4 |Define and differentiate between point
functions and path functions. Give examples
of each and explain their significance in
thermodynamic analysis.

L2

CO2

10 M

OR

Explain the construction and use of Mollier

(h-s) chart for steam.

12

CO4

10 M

OR

UNIT-V

5 |Derive the Steady Flow Energy Equation
(SFEE) and explain its application to turbines,
compressors, and nozzle.

L3

CO2

10M

UNIT-I1

6 |State the Kelvin-Planck and Clausius
statements of the Second Law of
Thermodynamics. Show their equivalence
with a neat diagram.

L2

CO3

10M

OR

10

An engine of 250 mm bore and 375 mm
stroke works on an Otto cycle. The clearance
volume is 0.00263 m®. The initial pressure
and temperature are 1 bar and 50°C. If the
maximum pressure is limited to 25 bar, find
the following:

(1) The air standard efficiency of the cycle.

(11) The mean effective pressure for the cycle.
Forair:y=1.4, C=0.718 kl/kg K,

C,=1.005 kl/kg K

L3

Cas5

10 M
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9. Construction of the Mollier Chart (h—s Diagram)

Mollier Diagram
Water - Steam

5 DEs T
P -tmfwgﬁ%" i

TS 8 85 g
Enttopy » 8 - (kWK kg)

The Mollier chart is a graphical representation of the enthalpy (h) versus entropy (s) of steam. It is

widely used in thermodynamics and power plant engineering.

(a) Axes Horizontal axis (X-axis): Entropy, s (kJ/kg-K) Vertical axis (Y-axis): Enthalpy, h (kJ/kg)

(b) Saturation Lines A saturated liquid line and a saturated vapor line are plotted. The region between
these two lines represents the wet steam zone. The area to the right of the saturated vapor line
represents superheated steam. (c) Constant Pressure Lines Several isobars (constant-pressure lines)
are drawn. In the superheated region, these lines slope upward. In the wet region, they are almost
vertical. (d) Constant Temperature Lines Temperature lines are approximately parallel in the
superheated region. At the saturation curve, they intersect. (e} Constant Quality (Dryness Fraction)
Lines In the wet region: Curved lines represent constant dryress fraction (x) values. x = 0 is saturated
water; x = 1 is saturated vapor. (f) Additional Lines Constant volume lines, Constant superheat lines,
Critical point is clearly marked. 2. Use of the Mollier Chart (a) To Determine Steam Properties Given
any two properties (e.g., pressure and temperature), the corresponding: enthalpy, entropy, dryness
fraction, specific volume can be directly read from the chart. (b) For Turbine Calculations The Mollier
chart is extremely useful for: Determining expansion work in steam turbines. Locating the initial and
final states of steam. Calculating turbine efficiency, heat drop, and moisture content at turbine exit.
(c) For Boiler Calculations Used to find: Enthalpy of feed water, Enthalpy of superheated steam, Heat
supplied in the boiler. (d) For Nozzle and Throttling Processes Throttling processes occur at constant
enthalpy (h = constant). Nozzle flows can be analyzed to find exit velocities using enthalpy drop.

(e) For Refrigeration and Conditioning Systems When using steam as the working fluid, the chart helps

determine: Heating load, Humidification requirements.
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1

WORK ADDED
COMPRESSOR |
B

=1
L
l ; l CONDENSER
COMPRESSION
EVAPORATOR L iN
HEAT > CONDENSATION
EXTRACTER % WATER
-
EVAPORATION
ourt
f | .
ERERDEION REJECTED
X
EXPANSION VALVE

The air refrigeration (Bell-Coleman) cycle uses air as the working fluid and is commonly used in aircraft

refrigeration and some industrial cold stores. Main components and the sequence of processes:

1.
2.

3.

4.

5.

Compressor — compresses cold air from low pressure P to high pressure Py (state 1 — 2).

Heat exchanger /.Cooler (aftercooler) — rejects heat to the atmosphere at (nearly) constant pressure
Py (state 2 - 3).

Expander (turbo-expander or piston expander) — expands high-pressure air from Py to P producing
work and cooling the air (state 3 — 4).

Cold space / Evaporator (room) — air at low temperature absorbs heat from the refrigerated space at
(approximately) constant pressure P (state 4 — 1).

Intercooler/regenerator (optional) — often a heat exchanger between compressed hot air and cold

returning air to improve efficiency.

Vertical axis: Temperature (T) or Enthalpy; Horizontal: Entropy (s).”

1 — 2: Isentropic compression {vertical up if ideal isentropic).

2 — 3: Heat rejection at (approx.) constant pressure (moves right and/or down toward ambient line).
3 - 4: Isentropic (ideal) expansion (vertical down).

4 — 1: Heat absorption at low pressure (moves right and up slightly across cold-space temperature).

When drawing, mark the saturated lines only if using steam; for air-cycle just draw the four processes

forming a loop similar to Brayton cycle but reversed in purpose.

Definition:

_ Refrigeration effect @1 Cp(Ty — Ty)
Net work input W, Cp{(Tg -1 - (T3~ ‘T‘,}j

COP

Cancel Cy:

Ty —d4

COP —
(p-T1) - (T3-T4)

This is the general ideal expression in terms of state temperatures (Kelvin).



