EX/PROD/PC/B/T/212/2025

B.E. PRODUCTION ENGINEERING SECOND YEAR FIRST SEMESTER EXAMINATION 2025
'SUBJECT: THERMODYNAMICS AND HEAT TRANSFER

Time: Three hours Full marks: 100

Answer five questions taking at least two from each group

Group-A
1. (a) Compare path functions and point functions. (M) .
(b) State Carnot’s theorem and Prove COPyp=COPg+1. (6M)
(C) Discuss about psychrometric charts. What is the difference between dry bulb temperature
and wet bulb temperature? (4M)

(d) Steam enters a turbine at 30bar (u=2750KJ)/Kg; h=2993KJ/Kg) and exits the turbine as
saturated liquid at 15kPa. Heat loss to the surroundings is 50 KJ/Kg (u=225KJ/Kg;
h=226KJ/Kg) of the steam flowing to the turbine. Neglecting the kinetic energy and potential
energy, calculate the work output of the turbine in KJ/Kg of the steam. (3M)

(e) What is the advantage of T-S diagram over P-V diagram? Also mention the shape of
constant pressure lines in wet region and super heated region. (4M) '

2. (a) State first law of thermodynamics and state how that internal energy is a property of the
system. : (5M)
(b) (i) Derive the steady flow energy equation for a nozzle stating the assumptions
(ii)The working fluid in a steady flow process flows at a rate of 220K.g/min. The fluid rejects
100KJ/s passing through the system. The condition of fluid at inlet and outlet are given as
V1 = 320m/s; p1=6.0 bar, u; = 200KJ/Kg, 9, = 0.36 m3/Kg and Vo= 140n/s, p>= 1.2 bar,
uz = 1400KJ/Kg, 8, = 1.3 m3/Kg. The suffix 1 indicates the conditions at the inlet and the
suffix 2 indicates the conditions at the outlet of the system. Determine the power capacity of
the system in MW. The change in potential energy may be neglected. (8M+5M)
(c) A stationary mass of gas was compressed without friction at constant pressure. Its initial
state of 0.4 m* and 0.105Mpa was found to change to final state of 0.20m?, There was a
transfer of 42.5KJ of heat from the gas during the process. Calculate the change in internal
energy of the gas. M)

3. (a) Show that if any given quantity of air receives a fixed amount of heat at constant volume,
the rise in pressure produced is directly proportional to the initial absolute pressure and
inversely proportional to the initial absolute temperature. (4M)

(b) An air vessel has capacity of 10 m® and has air at 10 atm and 27°C. Some leakage in the
vessel causes air pressure to drop sharply to 5 atm till leak is repaired. Assuming process to
be of reversible adiabatic type determine the mass of air leaked. (5M)
{c) The temperature at which water vapour starts condensing is called_. (1M+4M)

A mercury manometer is used to measure the pressure in a vessel shown in figure.
The mercury has a density of 13590Kg/m? and height difference between the two columns
is measured to be 24cm. Determine the pressure inside the vessel.

(d) Find the enthalpy and internal energy of 1Kg of steam at a pressure of 10 Kgf/cm? when the
(i) steam is dry and satureated ; (ii) when steam is superheated to 230°C and (iii) when the
dryness fraction is 0.75. (6M)
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4. (a) What do you understand by Vapour compression cycle? Explain the simple vapor

compression cycle process on p-h and T-S diagrams. (3M)
(b) Discuss briefly the working of actual vapour compression cycle with the help of flow
diagram and p-h diagram. (10M)

(b) A simple vapour compression plant produces 6 tonnes of refrigeration. The enthalpy
values at inlet to the compressor and at exit from the condenser are 180.5, 205 and 75KJ/Kg
respectively. Estimate:

(i) the refrigerant flow rate.

(i1) COP.
(1ii) the power required to drive the compressor.
(iv) the rate of heat rejection to the condenser. (™)
5. (a) Show that entropy is a property of the system. (BM+3M+4M)

(b) What is the principle of increase of entropy?

() Derive an expression for change in entropy of a gas for an isothermal process.

{d) A gas undergoes a thermodynamic cycle consisting of following processes. Process 1-2
is constant pressure process p=1.4 bar, V, = 0.028m> and W;»=10.5kJ.

Process 2-3 is compression pV= constant, Us=U,

Process 3-1 is constant volume U-Us= -26.4KJ.

There is no significant change in the kinetic and potential energy. Sketch the cycle on PV
diagram . calculate the net work for the cycle in KJ and calculate the net heat for the process

1-2. Show that ¥ cyee @ = Zeyeie W. (10M)
Group B
6. (a) Distinguish between parallel flow and counter flow heat exchangers with respect to
(i) direction of flow (ii) temperature variation. (6M)
(b) State Krichoff’s law of radiation. (2M)
(¢c)What are velocity and thermal boundary layers and under what conditions do they
develop? (3M)

(d) What is thermal resistance and state electrical analogy for heat transfer process. (4M)
() A long rod 12 mm square section made of low carbon steel protrudes into air at 35°C
from a furnace wall at 200°C. The convective heat transfer coefficient is estimated at
22W/m’K. The conductivity of the material is 51.9 W/mK. Determine the location from
the wall at which the temperature will be 60°C. Also calculate the temperature at §0 mm
from base. (5M)
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7. (a} Apipe carrying steam at 230°C has an internal diameter of 12 ¢cm and the pipe thickness
is 7.5 mm. The conductivity of the pipe material is 49 W/mK the convective heat transfer
coefficient on the inside is 85 W/m’K. The pipe is insulated by two layers of insulation one
of 5 cm thickness of conductivity 0.15 W/mK and over it another 5 cm thickness of
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conductivity 0.48 W/mK. The outside is exposed to air at 35°C with a convection coefficient
of 18 W/mZK. Determine the heat loss for 5 m length. Also determine the interface
temperatures and the overall heat transfer coefficient based on inside and outside areas. Draw
the equivalent thermal circuit for this system. (10M)

(b) What is heat transfer coefficient? (3M)

(c) Explain about critical radius of insulation. What is the advantage of critical thickness of
insulation. Explain why an insulated small diameter wire has higher current carrying
capacity than an uninsulated one. (™)

8. (a) What is effectiveness of heat exchanger? M)
(b) Hot oil with a capacity of 2500 W/K flows through a double pipe heat exchanger. It enters
at 360° C and leaves at 300° C. Cold fluid enters at 20°C and leaves at 200°C. If overall heat
transfer coefficient is 822W/m?K, Find the area of the heat exchanger required for
(1) parallel flow (ii) counter flow.
Also find the LMTD, NTU and Effectivenss of the heat exchangers in parailel flow and

counter flow configurations. (14 M)
(c}How does the number of tube passes affect the performance of shell and tube type
heat exchange? (4M)

9. (a) Explain Reynolds number, Nusselt Number, Prandtl number and Grashoff’s number (8M)
(b)Air flow through a long rectangular air conditioning duct maintains the outer duct
surface temperature at 15°C. If the duct is uninsulated and exposed to air at 25°C,
calculate the heat gained by the duct per meter length assuming it to be horizontal.
Properties of air at 20° C :

p = 1.205kg/m3; 9 = 15.06 X 107 m? /sK = 25.93 W /mK

Pr=0.705 8 = 3.41X1073 (10M)
(c) Define fin effectiveness. (ZM)
10. (a) What is absorptivity, reflectivity and transmissivity. (3M)

(b) Determine the shape factor from the base of the cylinder to the curved surface. Also,
determine the shape factor from curved surface to the base and curved surface itself, (7M)

(c) Define Wein’s law of displacement. (3M)
(d) Derive expression for thermal radiation heat transfer between two black body surfaces
(7™M)
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