Ref. No. Ex/PG/PE/T/1114/2018
M. POWER ENGINEERING FIRST SEMESTER EXAMINATION 2018
SUBJECT: APPLIED THERMODYNAMICS I

Time: Three Hours : Full Marks 100

Answer Question No. 1 and any three from the rest

1. Answer any 4 {10x4 = 40 marks)
(a) Answer if the following statements are true or false, and explain in one sentence:

(i) A PMMI obeys the First Law of Thermodynamics
(ii) Theoretically, a cooling tower can cool the CW below the ambient dry bulb temperature
(iii) The entropy of a fixed amount of an ideal gas decreases during an isothermal compression

2
(iv) Heat transfer during a nonfiow process is always denoted by Q = ITds .
I
(v} For a gas mixture comprising of CO,, 0; and N, one would need at least three properties to
uniquely determine the state of the mixture.
5x2 = 10 marks
{b) Two insulated chambers A and B contain n, and ns kmol of two different ideal gases that are at the same
temperature T and pressure p, and are initially separated by a thin membrane. The gases mix as the
membrane is ruptured. Find out the change of entropy of the system. Is the process of mixing reversible,
. orisreversible? Justify. 10 marks
{c)An ideal gas of molecular weight 100 executes an internally reversible cycle as described in Fig 1c. Find (i}

The heat addition to the cycle, (i) The net work done, (iii) Efficiency/ COP, (iv) SBTdS, and (v) AH

during process 1 -2. Assume y=1.5, 10 marks
(d) A district heating plant uses hot flue gas at 900 K to produce 180 liter per minute of hot water at 57°C

(the water enters the heating plant at 7°C). Assuming that the gas temperature in the furnace is nearly

constant and the temperature in the water line rises linearly with its length in the furnace, find the

exergy destroyed in the heating process. 10 marks
(e) Estimate the value of Joule Thomson Coefficient for steam at 360° and 30 bar from the Mollier chart/
steam tabie. 10 marks

2.

{a) Write down the Kelvin Planck and Clausius statements, and show that they are equivalent. 6 marks
(b) A fully reversible cycle receives 2500 kJ of heat at a mean temperature of 900 K. What would be the
mean temperature of heat rejection if it rejects 1500 ki of heat? 4 marks

{c) A Carnot heat engine receives heat from a reservoir at 927°C at a rate of 800 kl/min and rejects the
waste heat to the ambient air at 27°C. The entire work output of the heat engine is used to drive a
refrigerator that removes heat from the refrigerated space at -5°C and transfers it to the same ambient
air at 27°C. Determine (a} the maximum rate of heat removal from the refrigerated space and (b} the

corresponding total rate of heat rejection to the ambient air. 10 marks
3.
(a) Explain why It is Important to match the heat source temperature and the heat utilization temperature
for any thermal application. 5 marks

(b) An insulated piston—cylinder device contains 2 L of saturated liquid water at a constant pressure of 150
kPa. An electric resistance heater inside the cylinder is turned on, and electrical work is done on the
water in the amount of 2200 k). Determine (a) the minimum work with which this process could be
accomplished and (b) the exergy destroyed during the actual process. See Fig. P3b. 15 marks
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{a) Write the availability balance equation for an open system and identify what each term means.
5 marks

{b) An direct contact type feedwater heater in a regenerative vapor power plant operates at steady state
with liquid entering at inlet 1 with T, = 40°C and p, = 7.0 bar. Bled steam from turbine is taken at
T,=200°C and p,=7.0 bar enters at inlet 2 to heat the feedwater. Saturated liquid water exits with a
pressure of ps = 7.0 bar. ignoring heat transfer with the surroundings and all kinetic and potential
energy effects, (a) determine the ratio of mass flow rates m, / m, , (b) the rate of exergy destruction, in
k! per kg of liquid exiting, and (c) the Second Law efficiency. See Fig. P4b.

15 marks

5. .

{a} An insulated tank has two compartments connected by a valve. Initially, one compartment contains 0.7
kg of CO, at 500 K, 6.0 bar and the other contains 0.3 kg of N; at 300 K, 6.0 bar. The valve Is opened and
the gases are allowed to mix until equilibrium is achieved. Determine {a) the final temperature, in K. {b)
the final pressure, in bar. {c) the amount of entropy produced, in kJ/K. 10 marks

{b) Air at 35°C, 1 atm, and 50% relative humidity enters a dehumidifier operating at steady state, Saturated
moist air and condensate exit in separate streams, each at 15°C. Neglecting kinetic and potential energy

effects, determine (a) the heat transfer from the moist air, in k) per kg of dry air. (b} the amount of water
condensed, in kg per kg of dry air. ’ 10 marks

6.

(a) Derive the four Maxwell relations from the definitions of u, h, a, and g. 5 marks
{b) Show that, for a pure fluid,

(5), (55, = (5), -5

Hence, show that, for a pure fluid, whose internal energy and enthalpy are functions of temperature
only, {p/T) and {v/T) are sole functions of volume and pressure respective. Do not assume the ideal gas
equation of state.

Use this result to show that pv/T = Constant is a necessary condition for internal energy and enthalpy to
be functions of temperature only. ' 8+4 +3 =15 marks
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