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Candidates are required to give their answers in their own words as far as practicable.
Attempt A questions.

The figures in the margin indicate Full Marks.

Necessary table is attached herewith,

Assume suitable data if necessary.

Define thermodynamic system. Differentiate between control mass and control volume
with examples.

Define stored energy with its salient characteristics. Explain why heat and work. are
denoted by inexact differential.

Define dryness fraction, degree of superheat, saturation temperature and compressed

liquid.
Derive mass and energy conservation equations for a gas filling process in a gas station.

State Kelvin-Planck and Clausius statements of second law of thermodynamics. And
prove their equivalence.

Explain the working principle of a vapor compression refrigeration cvcle with P-h and
T-s diagrams. .

Derive an expression with appropriate diagram for conduction heat transfer through a
composite cylinder tube consisting of three layers of different materials.

A mercury manometer is used to measure the pressure in steam pipe. The level of the
mercury in the manometer which is exposed to atmosphere is 97.5 mm. Find the absolute
pressure of steam inside the pipe. If the reading of the manometer drops to 80 mm, what
1s the new pressure of steam? [Take specific gravity of Hg = 13.6, Py, = 760 mm of Hg
and g =9.81 m/s?]

A piston cylinder arrangement shown in figure below contains 2 kg of water initially at
pressure of 600 kPa and temperature of 350°C. Heat is rejected from the system until it is
completely converted into the saturated liquid. It requires a pressure of 400 kPa to support
the piston. Sketch the process on P-v and T-v diagrams and determine the temperature
when piston just starts to move and the total work transfer.
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10.

11

12.

Air enters the turbine at 1 MPa and 327°C with a velocity of 100 m/s and exits at 100 kPa
and 27°C with a low velocity. Heat transfer loss from the turbine surface is estimated
1200 kJ/min. If the volumetric flow rate of air at the turbine inlet is 2m’/s, and inlet of the
turbine is 2m above the outlet of the turbine, determine the power output of the turbine.
[Take R =287 J/kgK and Cp = 1005 J/kgK]

A 50 kg block of iron casting at 500 K is thrown into a large lake that is at a temperature
of 285 K. The iron block cventually reaches thermal equilibrium with the lake water.
Assuming an average specific heat of (.45 kJ/kg. K for the iron, determine (i) the entropy

change of the iron block, (ii) the entropy change of the lake water, and (iii) the entropy
generated during this process.

An engine working on a diesel cycle has a compression ratio of 17 and the cut off takes
place at 6% of the stroke. Determine its ajr standard efficiency and expansion ratio.

- The temperature of inside and outside surface of brickwork of a furnace have been noted

to be 650°C and 250°C. By what percentage heat loss will be decreased if the thickness of
the brickwork is increased by 100 percent. The ambient temperature is 30°C. Assume that
the thermal conductivity of the brickwork and the convective heat transfer coefficient of
ambient remain the same before and after the increase in thickness of brickwork.

(8]

[8]
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Assume suitable data if necessary. :

{For air take y= 1.4, C,=1005 J/kg.k and C, = 718 J/kg.K]

Define thermodynamic system, surroundings and boundary with examples.

What do you mean by work transfer? Derive the expression for heat and work for
adiabatic process.

Why quality is necessary to define the state of a two phase mixture? Derive an expression
for specific volume of a two phase mixture in terms of quality.

Explain first law of thermodynamics for a control mass undergoing a cyclic process. Also
state statements for a power cycle and refrigeration cycle.

Derive isentropic relations for an ideal gas. Explain second law of thermodynamics for an
isolated system. '

Explain the working principle of Rankine Cycle with correspending processes on P-v and
T-s diagram.

Derive an expression for overall heat transfer coefficient for a plane wall subjected to
convection medium on both sides.

A large chamber is separated into two compartments which are maintained at different
pressure as shown in figure below. Pressure gauge A reads 200 kPa and pressure gauge B
reads 420 kPa. If the barometric pressure is 100 kPa, determine the absolute pressure
existing in the compartments and the reading of gauge C.

9,

A closed, rigid container of volume 0.5 m’ is placed on a hot plate. Initially, the container
holds mixture of saturated liquid water and saturated water vapor at Ty = 100°C with a
quality of 0.2. After heating, the temperature in the container is T, = 150°C. Indicate the
initial and final states on P-v and T-v diagrams and determine

a) The pressure at each state.

b) The mass of the vapor present at each state, in kg

c) If the heating continued, determine the temperature when the container holds only
saturated vapor.

(6]
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10. A piston cylinder device shown in figure below contains 2 kg of air initially at a pressure

11.

13.

of 200 kPa and a temperature of 50°. It takes a pressure of 500 kPa to lift the piston from
the bottom stops. The total volume is 2 m® when the piston reaches at the upper stops.
Heat is added to the system until the final temperature reaches 950°C. Sketch the process
on P-V and T-V diagrams and determine

a) the final pressure
b} the total work transfer and
¢) the total heat transfer

A refrigerator having a COP of 4 maintains the freezer compartment at — 3°C by
removing heat at a rate of 11000 kJ/h and rejects heat to the surroundings at 30°C.
Determine the power input to the refrigerator and compare it with minimum theoretical
power input. If the electricity cost is Rs. 10/kWh, determine the actual and minimum
theoretical cost per day for effective operation of 16 h/day.

. A four stroke engine of swept volume 0.1 m® work on Otto cycle. The compression ratio

is 9. The initial conditions are pressure 1 bar and temperature 90°C. The heat addition at
constant volume is 100 kJ/cycle. Find

e Ideal efficiency

e  Mean effective Pressure

e Pressure and temperature at key points of the cycle

A cast iron pipe (k = 25 W/mK) with inner and outer diameters of 60 mm and 80 mm
respectively is covered by an insulator ( k = 0.05 W/mK). Under steady state condition,
temperature between the pipe and insulator interface is found to be 250°C. The allowable
heat loss from the unit length of the pipe is 500 W/m and outer surface temperature of the
insulator should not exceed 50°C. Determine

a) the minimum thickness of the insulation required, and
b) the temperature at the inner surface of the pipe.

#oR ok
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Differentiate between the microscopic and macroscopic approach in thermodynamics
with examples.

Define work transfer. Derive the mathematical expression for work transfer for isothermal
process.

Define the following terms: Saturation temperature, Saturated liquid, Critical point and
Moisture content. ’

Explain first law of thermodynamics for an isolated control mass and a control mass
undergoing a cyclic process.

Define entropy and derive entropy relations for an ideal gas and an incompressible
substance.

Sketch an ideal Diesel cycle on P-v and T-s diagrams. Also derive an expression for its
efficiency in terms of compression ratio and cut-off ratio.

Define thermal resistance. Derive the expression for heat transfer rate through a hollow
cylinder with convection on both sides.

A cylinder with a total volume of 2m? has a movable piston as shown in figure below.
When the piston is at one fourth of the length, both sides have same specific volume of
8 m°/kg. Determine the specific volumes of both sides when the piston is at middle of the
cylinder.

Y

A rigid tank containing steam initially at 0.3 MPa and 150°C is cooled until the steam
temperature becomes 80°C. Draw the P-v and T-v diagrams of the cooling process and
determine

a) the temperature at which the steam becomes saturated vapor.

b) the quality at final state.

¢) the change in internal energy per kg of steam in the cooling process.

[Refer the attached table for properties of water]

[6]
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10. Air flows at a rate of 1.2 kg/s through a compressor, entering at 100 kPa, 25°C, with a
velocity of 60 m/s and leaving at 500 kPa, 150°C, with a velocity of 120 m/s. Heat lost by
the compressor to the surrounding is estimated to be 20 kl/kg. Calculate the powet
required to drive the cempressor and diameters of inlet and exhaust pipes. [Take
R =287 J/kgK and ¢p = 1005 J/kgK] [8]

11. An air conditioning unit having COP 50% of the theoretical maximum maintains a house
at a temperature of 20°C by cooling it against the surrounding temperature. The house
gains energy at a rate of 0.8 kW per degree temperature difference. For a maximum work
input of 1.8 kW, determine the maximum surrounding temperature for which it provides
sufficient cooling. [8]

12. The compression ratio of an air standard Otto cycle is 8. At the begianing of the
compression process, the pressure and temperature of air are 100 kPa and 20°C
respectively. The heat added per kg of air during the cycle is 2000 k¥/kg. Determine:

a) the pressure and temperature at the end of each process of the cycle,
b) the thermal efficiency, and
¢) the mean effective pressure. [Take c, = 1005 JkgK, ¢y = 718 JkgK, R =287 J/kgK,

Y= 1.4] (8]
13. A steel pipe having an outside diameter of 2 cm is to be covered with two layers of

composite insulation are fixed, calculate by what percentage the heat transfer will be

reduced when the better insulating material is next to the pipe than it is away from the

pipe. [6]
ok k

Properties of Saturated Water - T. emperature Table

P ) Vie ve |9y uy, u, Iy Iy, h, 5 Sig s
C | kpa | —TE’/TE_W"EFE:“ Wik | kg | Iifikg | tdvicg kg | Tifig kdke K | k¥fkg K kJ/kgﬁj
80 147373 70001029 | 3.4078 | 34088 33453 2146.7 1 2481.6 | 334.95 | 23082 | 2643.0 | 10753 65359 | 76112
§5 | 5781510001032 | 28279 | 28289 135555 | 21520 | 24879 [ 3557 | 32553 26514 | 11343 | 64093 | 73436
90 | 70417 [0.001036 | 23607 | 23617 | 3768 20071 124940 137693 [ 22827 | 26596 | 1.1935 6.2859 | 7.4784
95 | 8452910001040 | 19818 | 19528 | 39753 21022 4 2500.1 ['397.98 1 2269.7 | 25677 | 13301 6.1653 | 74154
100110132 1 0001043 | 16726 | 16736 | 4T65¢ 2087.1 12506.1 | 419.06 | 22566 | 2675.7 | 13065 60476 | 73545 |
1051 120.79 1 0.001047 | 14190 | 14300 | 440305 2072.1 1 2512.1 1 440,18 | 22434 | 2685.6 | 13630 59326 | 72956 |
T TI0 [ 143.24 | 0001053 | 12093 1.2106™ [ 461,15 | 20567 [ 35175 461347 35300 1 36913 L4186 | 58200 | 7.2386
15 1769.02 [ 0.001056 | 10359 | 1.0570 | 48536 20411125235 ['482.54 | 22163 | 26988 | 14935 5.7098 | 7.1833
120 1'198.48 [ 0.001060 | 0.8911 | 08923 | 50557 2025.5 1 2529.1°1 503,78 | 27024 | 27052 | 15778 56019 | 7.1207
125 123201 [ 0.001665 | 0.7698 | 67709 | 52443 20097 | 25345 | 525.07 | 31883 27134 {13815 | 5.4962 | 7.0777
136 1 270,02 | 0.001670 | 0.667¢ D6687 | 546.12 [ 19937 [ 25398 | 546,41 | 21740 27204 | 16346 | 53926 | 7.0072
135 | 312937(°0.001075 | 03813 ¢ 03824 156746 1 1977.5 | 2545.0 | 567.60 | 21594 27212 | 16373 | 32607 | 6.9780
140 1 361.19 [ 0.001080 | 0.5079 | 05090 588.85 | 1961.2°] 2550.0 | 589.24 2144ﬂ 2733.8 1 17394 | 5.1908 | 69502

Properties of Superheated Steain

ERLL

P T ' v u h s
kPa e - mig ki/kg KkJ/kg Kifke.K
300 (13336) (0.6039) (2543.5) (2725.3) (6.9921)
150 06339 2570.7 27609 7.0779
200 0.7163 2650.2 2865.1 7.3108
250 0.7963 27282 2967.1 75157

300 0.8753 © 2806.3 3068.9 7.701s
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. Define state function with example and mention main characteristic of a thermodynamic

property in relation to a cyclic process.

Define a polytropic process. Sketch polytropic process with if—'O; n=1; n=14; n=oona
common P-V diagram.

Define enthalpy. Derive an expression for specific heat at constant volume for an ideal
gas.

Define steady state flow application. Write down general energy equation for a nozzle
and diffuser and reduce it for an adiabatic nozzle and diffuser.

[4]
(4]
w

[6]

Write down the Gibb's equation use it to derive an expression for change in entropy for an -

incompressible substance. Also derive isentropic relation for an incompressible
substance.

Sketch the ideal diesel cycle on P-V and T-S diagrams and derive an expression for its
efficiency in terms of compression ratio and cut-off ratio.

Differentiate between black body and gray body. Derive an expression for the rate of heat
flow through a composite steel pipe with a layer of insulation on the outside using
electrical analogy approach.

Air (m=0.1 kg) is contained in piston/cylinder assembly as shown in figure below.
Initially, the piston rests on the stops and is in contact with the spring, which is in its

[6]

[6]

(6]

unstretched position. The spring constant is 100 kN/m. The piston weighs: 30 kN and ...

atmospheric pressure is 101 kPa. The air is initially at 300 K and 200 kPa. Heat transfer

occurs until the air temperature reaches the surrounding temperature, 700 K. Find the * :

final pressure and volume. [Take R=287 J/KgK]

i i
i 20cm
i

[61




8.

10.

5 kg of water is contained in a closed rigid tank at initial pressure of 2000 kPa and a
quality of 50%. Heat is transferred from the surrounding until the tank contains only
saturated vapor. Sketch the heating process on a P-V diagram an determine

i) the volume of tank

i) the initial temperature of water

iii) the final pressure of vapor

[Refer the attached table for properties of steam]

Air (0.4 kg) is contained in a piston cylinder device shown in Figure below initially at a
pressure of 1500 kPa and 800 K. The cylinder has stops such that the minimum volume of

_ the system is 0.04 m’. The air in the cylinder is cooled to 300 K. Sketch the process on

11.

12.

13,

P-V and T-V diagrams and determine

a) the final volume and pressure of the air, and

b) the total work and heat transfer in the process. [Take R= 287 J/KgK and C,=718
J/KgK]. '

An air conditioning unit having a COP 50% of the theoretical maximum maintains a
house at a temperature of 20°C by cooling it against the surrounding temperature. The
house gains energy at a rate of 0.8 kW per degree temperature difference. For a maximum
input of 1.8 kW, determine the maximum surrounding temperature for which it provides
sufficient cooling. '

At the beginning of a compression stroke of an air standard diesel cycle having a
compression ratio of 16, the temperature is 300 K and the pressure is 100 KPa. If the cut
off ratio for the cycle is 2, determine i) the pressure and temperature at the end of each
process of the cycle ii) the thermal efficiency. [Take C,=718 J/kgK, y=1.4]

A 16 cm diameter pipe carrying saturated steam is covered by a layer of insulation of
thickness 40 mm .(K=0.8 W/mK). Later, an extra layer of insulation of 10mm -thick
(K=1.2 W/mK) is added. If the surrounding temperature remams constant and. heat

" transfer: coefficient (outsxde) For both insulation materials is'10 W/ K, determme ‘the

percentage change in the rate of heat loss due to extra lnsulatlon layer

*%kk
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Differentiate between: (a) control mass and control volume; (b) gauge pressure and
absolute pressure. : -

Differentiate between the stored energy and transient energy with examples. Sketch
polytropic processes on a common P-V diagram for different values of n.

Sketch the following processes on P - v and T - v diagrams. Show both initial and final
states properly relative to saturation curves.

a) A saturated vapor in a rigid tank is heated.

b) A superheated vapor is condensed isobarically to the saturated liquid state.

¢) A compressed liquid is heated isobarically to the saturated vapor.

d) A two-phase mixture in a rigid tank is heated such that it passes through a critical
point.

Write down the general mass and energy conservation equations for a control volume
under steady state. Reduce them for heat exchanger and adiabatic pump.

Define reversible heat transfer reservoir. Also derive expressions for the change in
entropy due to reversible heat transfer process and interpret the result.

Differentiate between Power cycle and Refrigeration cycle with the appropriate examples.
Sketch the components of a steam power plant and corresponding processes on P-v and
T-s diagrams,

Using thermal resistance approach derive an expression for outside overal] heat transfer
coefficients for two layers of hollow cylinder subjected to convection medium on both
sides. :

Three pressure gauges are connected to a container consisting of two compartments as
shown in below figure. If the local barometer reads 750 mm of Hg and pressure gauges A
and B read 300 kPa and 200 kPa respectively. Determine the absolute pressure in each
compartment and reading of pressure gauge C. [Take prg = 13600 Kg/m® and
g=9.81 n/s’|

(4]

4]

[4]
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9. Water (4 kg) is contained in a piston cylinder device shown in below figure initially at a
pressure of 100 kPa with a quality of 10%. The piston has a mass of 100 kg and a cross
sectional area of 24.525 cm?”. Heat is now added until H,O reaches a saturated vapor state.
Sketch the process on P - v and T - v diagrams and determine

a) the initial volume

b) the final pressure, and ‘ .

¢) the total work transfer. [Take Py, = 100 kPa, g=9.81 m/szj. [Refer attached table for
the properties of steam]

10. Air enters an adiabatic nozzle steadily at 300 kPa, 150°C and :with a velocity of 20 m/s
and leaves at 100 kPa and with a velocity of 200 m/s. The inlet area of the nozzle is
0.01 m*. Determine

a) the mass flow rate of air through the nozzle,
b) the exit temperature of the sir, and
c) the exit area of the nozzle.

[Take R = 287 J/kgK and C, = 1005 J/kgK]

1. A heat pump having a coefficient of performance 50% of the theoretical maximum
maintains.a house at a temperature of 20°C. The heat leakage from the house occurs at a
rate of 0.8 kW per degree temperature difference. For a maximum power input of 1.5 kW,
determine the minimum surroundings temperature for which the heat pump will be
sufficient? ;

12. The pressure and temperature at the beginning of the compression stroke of an air
standard Diesel cycle are 100 kPa and 300 K. The peak pressure and temperature during
the cycle are 8000 kPa and 3000 K respectively. Determine the compression ratio, the
cycle efficiency and the mean effective pressure. [Take y = 1.4, C, = 1005 IkgK]

13. A lake surface is covered by a 8 ¢m thick layer of ice (k = 2.23 W/mK) when the ambient
air temperature is -12.5°C. A thermocouple embedded on the upper surface of the layer
indicates a temperature of -5°C. Assuming steady state conduction in ice and no liquid
subcooling at the bottom surface of the ice layer. Find the heat transfer coefficient at the
upper surface. Also work out the heat loss per unit area.

ik
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Define thermodynamic equilibrium and thermodynamic state. Also explain conditions
required for a thermodynamic equilibrium.

Derive the mathematical expression of displacement work and simplify it for polytrophic
process.

Define the term moisture content, superheated vapor, saturation pressure and saturated
liquid.

Differentiate between steady state work applications and steady state flow applications
with examples. Also write the functions and governing equations for an adiabatic turbine
and adiabatic nozzle.

Define heat engine, heat pump and refrigerator. Also define factors used to measure their
performance.

Sketch the Rankine cycle on p-v and T-s plots when the state of stream at the boiler outlet
is saturated and superheated vapor respectively. Derive an expression for the efficiency of
Rankine cycle.

Define thermal resistance. Derive the expressions for the rate of heat transfer and overall
heat transfer coefficient for composite wall consisting of two layers and convection on
both sides.

A 5 kg piston in a cylinder with diameter of 100 mm is loaded with a linear spring and the
outside atmospheric pressure of 100 kPa. The spring exerts no force on the piston when it
is at the bottom of the cylinder and for the state shown in figure below, the pressure is
400 kPa with volume of 0.4 L. The valve is opened to let some air, casing the piston to
rise 2 cm. Find the new pressure.

Air supply
line

(4]

(4]

(4]
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10.

Ll

12

13.

A piston cylinder arrangement shown in figure below contains 2 kg of water initially at a
pressure of 200 kPa and a temperature of 50°C. Heat is added until the piston reaches the
upper stops where the total volume is 1.5 m’. It takes a pressure of 600 kPa to lift the
piston. Sketch the process on P-v and T-v diagrams and determine the final temperature
and the total work transfer. '

S .

H,O

i

/
Q

Nitrogen (5 kg) is contained in a piston cylinder derive shown in figure below initially at
a pressure of 800 kPa and a temperature of 127°C. There is a heat transfer to the system
until the temperature reaches to 527°C. It takes a pressure of 1500 kPa to lift the piston.
Sketch the process on P-V and T-V diagrams and determine the total work and heat
transfer in the process. [Take R =297 J/Kg K and Cy = 743 J/kg K]

=~

Nitrogen

ik
Q7

An air conditioning unit having COP 50% of the theoretical maximum maintains a house
at a temperature of 20°C by cooling it again the surrounding temperature. The house
gains Energy at a rate of 0.8 KW per degree temperature difference. For a maximum
work. input of 1.8 KW, determine the maximum surrounding temperature for which it
provides sufficient cooling.

In an ideal Brayton cycle, air enters the compressor at 100 kPa and 300 K and the turbine
at 1000 kPa and 1200 K. Determine the network per kg of air and the cycle efficiency.
[Take y=1.4 and cp = 1.005 KJ/kg.k]

A furance is made of fireclay brick of thickness 0.3 m and thermal conductivity of 1.2
W/m k. The outside surface is to be insulated by an insulating material with the thermal
conductivity ‘of 0.05 W/mk. Determine the thickness of the insulating layer in order to
limit the heat loss per unit area of the furnace wall to1200 W/m?®. When the inside surface
of wall is at 900°C and the outside surface is at 25°C.

Fok
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Define thermodynamic property. Differentiate between intensive and extensive properties
with examples. [4]
2. In what respect the heat and work interactions are (i} similar and (ii) dissimilar? [4]
3. Define quality and moisture content. Derive an expression for specific volume of a two

phase mixture in terms of quality. [4]
4. Define a cycle. Explain first law of thermodynamics for control mass undergoing cyclic
process. Write down statements of first law for power cycle and refrigeration cycle. [6]

5. Define entropy. Derive and expressions for change in entropy for reversible heat transfer
and reversible work transfer process. [6]

6. Explain the working principle of Brayton cycle with corresponding processes on P-v and
T-s diagrams. {6]

7. Differentiate between steady state and unsteady state heat transfer. Derive an expression
for steady state heat transfer through a composite cylinder consisting of three layers. [6]

8. A cylinder with a total volume of 2m’ has a movable piston as shown in figure below,
when the piston is at one fourth of the length, both sides have the same specific volume of
8 m3/kg. Determine the specific volumes of both sides when the piston is at middle of the
cylinder. [6]

x=LM

9. The frictionless giston shown in figure below has a mass of 20 kg and a cross sectional
area of 78.48 cm”. Heat is added until the temperature reaches 400°C. If the quality of the
H,0 at the initial state is 0.2, determine: (8]

i) The initial pressure

ii) The mass of H,O

iii) The quality of the system when the piston hits the tops

iv) The final pressure and

v) The total work transfer [Take Pam = 100 kPa, g = 9.81 m/sz]




10. Air enters a compressor operating at steady state at 100 kPa, 300 K and leaves at

1.

12

13,

1000kPa, 400 K, with a volumetric flow rate of 1.5 m*/min. The work consumed by the
compressor is 250 kJ per kg of air. Neglecting the effects of potential and kinetic energy,
determine the heat transfer rate in KW. [Take R = 287 J/kgK and Cp = 1005 J/kgK]

A refrigerator having a COP of 4 maintains the freezer compartment at -3° C by
removing heat at a rate of 10800 kJ/kg and rejects heat to the surroundings at 27°C,
Determine the power input to the refrigerator and compare it with minimum theoretical
power input. If the electricity cost 10/kWh, determine the actual an minimum theoretical
cost per day for effective operation of 12h/day.

At the beginning of a compression stroke of an air standard diesel cycle having a
compression ratio of 16, the temperature is 300 K and the pressure is 100 kpa. If the cut
off ratio for the cycle is 2, determine (a) the thermal efficiency (b) the mean effective
pressure. [Take y = 1.4, R = 287J/kg k).

A thick-walled tube of stainless steel (k=19 W/m°® C) with 2 cm inside diameter and 1 cm
thickness is covered with a 3 cm layer of asbestos insulation (k=0.2W/m°C). If the inside
wall temperature of the pipe is maintained at 600°C and outside wall temperature of the
insulation is maintained at 100°C, Calculate the heat loss per unit length. Also calculate
the tube insulation interface temperature.

* k&
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1. Explain how will you find out whether a given variable is a thermodynamic property or
not. Also define state function and path function. [4]
2. Explain the differences between stored energy and fransient energy with examples. Also
define total energy. [4]
3. Define the following terms:
compressed liquid, degree of superheat, quality, entalpy and specific heat at constant
volume. (4]
4. Write down the functions of turbine, compressor, nozzle and heat exchanger. Also write
down energy equations for them. [6]
5. Define reversible heat transfer reservoir and reversible work transfer reservoir. Also
derive the expressions for change in entropy due to reversible heat transfer and reversible
work transfer processes. [6]
6. Explain the working principle of an ideal diesel cycle with P-V and T-S diagrams. [6]
7. Derive an expression for conduction heat transfer through a composite cylinders
consisting of three layers of different materials. [6]

Three pressure gauges are connected to a container consisting of two compartments as
shown in figure below. If the local barometer reads 750 mm of Hg and pressure gauges A
and B reads 300 kPa and 200 kPa respectively. Determine the absolute pressure in each
compartment and reading of pressure gauge C. [Take pHg = 13600 kg/m3 and

o JE2S
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9. A piston cylinder device shown in figure below contains water initially at a pressure of
125 kPa with a quality of 50%. Heat is added to the system unti! it reaches to a final
temperature of 800°C. It takes a pressure of 600kPa to lift the piston from the stops.
Sketch the process on P-v and T-v diagrams and determine:

a) the mass of H>O in the system, and
b) the total work transfer [8]

10. A Gas undergoes a thermodynamic cycle consisting of three process, Process 1-2 constant
Pressure, P = 1.4 bars, v = 0.028m’, wi; = 10.5kJ S

Process 2-3, compression with Pv = constant, U; = U,
Process 3-1, constant volume, U;-U; = -26.4kJ
There are no significant change in kinetic and potential energy

a) Sketch the system on a P-v diagram.

b) Calculate Net work for a cycle, in kJ,

c¢) Calculate the heat transfer of Process 1-2 in kJ

d) Isthis a Power cycle or a Refrigerator cycle? (8]

11. 4 kg of water at 25°C is mixed with 1 kg of ice at 0°C in an isolated system. Calculate the
change in entropy due to mixing process. [Take latent heat of ice L = 336 kl/kg and
specific heat of water ¢ = 4.18 kJ/kg K] [8]

12. In an Ideal Brayton cycle, air enters the compressor at 100 kPa and 300k and the turbine
at 1000 kPa and 1200k. Heat is transferred to the air at a rate of 30Mw. Determine the
efficiency and Power output of the plant.[Take Cp = 1005 J/kg K, and y=1.4] [8]

13. An exterior wall of a house consists of 0.1m layer of common brick (k = 0.7 W/m°C)
followed by a 0.04 m layer of gypsum plaster (k = 0.48 W/m°C). What thickness of "
loosely packed rock wool insulation (k = 0.065 W/m°C) should be added to reduce the
heat loss through the wall by 80 percent? [6]

*kk
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Differentiate between Microscopic and Macroscopic viewpoint. [4]

Define polytropic process. Sketch polytropic processes on a common graph for different
values of n. Also derive an expression for work transfer for a polytropic process. [4]

b

3. Define the following terms: saturation temperature, superheated vapor, moisture content,
critical point and specific heat at constant pressure. [4]

4. Write down expression for first law of thermodynamics for a control mass. Reduce it for a
cycle process and write down statement of first law of thermodynamics for power and

refrigeration cycles. [e].
5. What is the key feature of second law of thermodynamics? State and explain second law

of thermodynamics for an isolated system. Also explain entropy generation. [6]

Explain the working principle of an Rankine with P-V and T-S diagram. {6]

7. Derive a heat flow equation through a composite plane wall consisting of three layers of
different materials. : [6]

8. On a new scale N of temperature the freezing point of ice and boiling point of water are
100°N and 400°N respectively. Derive an expression to convert a temperature reading on
N scale to °C scale. Also determine the change in N scale when the temperature of a
system increases by 50°C. 6]

9. A piston cylinder device shown in figure below contains 2 kg of water initially at a
pressure of 500 KPa with a quality of 20%. The water is heated until. it becomes a
saturated vapor. The volume of the system when the piston is at the upper stops is 0.4’
Sketch the process on P-v and T-v diagrams and determine: [8]

a) the final pressure, and
b) the total work transfer

b




10.

LY

12

135

Air expands through an adiabatic turbine from 1000 KPa, 1000 K to 100 KPa, 400K. The .

inlet velocity is 10 m/s where as exit velocity is 100 m/s. The power output of the turbine
is 3600 KW. Determine the mass flow rate of air, the inlet and the exit area. [ Take
R =287 J/KgK and Cp = 1005 J/KgK]

An air conditioning unit baving COP 50% of the theoritical maximum maintains a house
at a temperature of 20°C by cooling it against the surrounding temperature. The house
gains energy at a rate of 0.8kw per degree temperature difference. For a maximum work
input of 1.8KW. Determine the maximum surrounding temperature for which jt provides
sufficient cooling. :

An ideal diesel engine has a compression ratio of 20 and uses air as the working fluid.
The state of air at the beginning of the compression process is 95kPa and 20°C. If the
maximum temperature in the cycle is not to exceed 2200K, determine a) the thermal
efficiency and b) the mean effective pressure. [Take Cp = 1005J/kgK, and y = 1.4]

a) A holiow cylinder with inner and outer diameter of 8 cm and 12 ¢cm respectively has
an inner surface temperature of 200°C and outer surface temperature of 50°C. If the
thermal conductivity of the cylinder material is 60 w/MK, determine the heat transfer
from the unit length of the pipe. Also determine the temperature at the surface at a
radial distance of 5 cm from the axis of the cylinder.

b) The magnitude of heat transfer through an insulating layer of 0.8 m® surface area,
5 em thick and having a thermal conductivity of 0.25 W/mK is found to be 1600 W.
Determine the temperature difference existing across the material.

Fkk
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Define atmospheric pressure, gauge pressure and absolute pressure. Also write down the
relationship between them.

Differentiate between heat transfer and work transfer.

3. Explain saturation curve of two-phase mixture on T-V diagram.

Write down general mass conservation and energy conservation equations for a control
volume. Also reduce them for a control volume operating under unsteady state condition.

Define entropy. Derive expressions for changes in entropy for reversible heat transfer and
reversible work transfer processes. :

Sketch an ideal Brayton cycle on P-v and T-s diagrams. Also derive an expression for its
efficiency in terms of pressure ratio.

Derive for thermal resistance of composite wall using electric analogy.

A 15 kg piston in a cylinder with diameter of 0.15 m is loaded with a linear spring and the
outside atmospheric pressure of 100 kPa, as shown in figure below. The spring exerts no
force on the piston when it is at the lower position of the cylinder and for the state shown,
the pressure is 300 kPa with volume of 0.02 m’. The valve is opened to let some air in,
causing the piston to rise 5 cm. Find the new pressure. [Take g = 9.81 m/s’]

Air supply
line

Air @

P,
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9.

10.

L.

A piston cylinder device shown in figure below contains 2 kg of H,O with an initial
temperature and volume of 80°C and 0.05 m’ respectively. It requires a pressure of
400 kPa to lift the piston from the stops. The system is heated until its temperature
reaches 250°C. Sketch the process on P-v and T-v diagrams and determine the total work
transfer. [Refer attached table for the properties of steam]

Air expands through an adiabatic turbine from 1000 kPa, 1000 K to 100 kPa, 400 K. The
inlet velocity is 10 m/s whereas exit velocity is 100 m/s. The power output of the turbine
is 3600 kW. Determine the mass flow rate of air and the inlet and exit diameters. [Take
R =287 J/kgK and C, = 1005 J/kgK].

An air conditioning unit with a power input of 1.5 kW. It has a COP of 3 while working
as a cooling unit in summer and 4 while working as heating unit in winter. It maintains a
hall at 22°C year around, which exchanges heat at a rate of 0.8 kW per degree
temperature difference with the surroundings. Determine the maximum and the minimum
outside temperature for which this unit is sufficient.

. A Rankine cycle has a boiler working at a pressure of 2 MPa. The maximum and

minimum temperatures during the cycle are 400°C and 50°C respectively. Determine the
efficiency of the cycle and compare it with that of the Camot cycle operating between the
same temperature limits. [Refer attached table for the properties of steam]

. A 2.5 cm thick plate (k = 50 W/mK) 50 cm by 75 cm is maintained at 300°C. Heat is lost

from the plate surface by convection and radiation to the ambient air at 20°C. If the
emissivity of the surface is 0.9 and the convection heat transfer coefficient is 20 W/m’K,
determine the inside plate temperature. [c = 5.67 x 107 W/m?K"]

* k¥
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Differentiate between intensive and extensive property. State whether the following
properties are intensive or extensive volume, specific volume, temperature and pressure.

Differentiate between heat transfer and work transfer.
Define pure substance. Explain with illustration.
Derive the general energy equation for control volume.

Derive the expression for change of entropy for reversible heat reservoirs and reversible
work reservoirs.

Differentiate between gas and vapor cycles. Also derive an expression for the air standard
efficiency of Otto cycle in terms of compression ratio.

Derive the expression for combined conduction and convection heat transfer through
hollow cylinder covered with two layers of insulation.

A gas is contained in a piston cylinder device initially at a pressure of 150 kPa and a
volume of 0.04 m’. Calculate the work done by the gas when it undergoes the following
processes to a final volume of 0.1 m®, (i) Constant-Pressure (ii) Constant temperature (iii)
PV'3 = constant.

A piston cylinder device with a linear spring initially contains water at a pressure of 4
MPa and 500°C with an initial volume being 0.1m>, as shown in figure. The system now
cools until the pressure reaches 1000 kPa. If the piston is at the bottom, the system
pressure is 300 kPa. sketch the process on P-v diagram and determine:

i
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a) The mass of water
b) The final temperature and volume and
c) The total work transfer
[Refer the attabhed tables for properties of steam]

10. Air flows at a rate of 1.5 kg/s through a turbine, entering at 500 kPa, 150° and with a
- velocity of 120 m/s and leaving at 100 kPa, 25°C and with a velocity of 60 m/s. Power
produced by the turbine is 180MW. Determine:

a) - Heat loss form the turbine and
b) Diameters of inlet and exhaust pipe
[Take R = 287 J/kgk, C, = 1005 J/kgk]

11. A piston cylinder device shown in figure below contains 1 kg of Nitrogen initially at a
pressure of 250 kPa and a temperature of 500°C. Heat is lost from the system till its
temperature reaches 40°C. Sketch the pressure on P-V and T-V diagrams and determine
the energy generation. Assume that surrounding is at 20°C. Take P = 297 J/kgk,
C, =743 J/kgk.

12. In an air standard Brayton cycle the air enters the compressor at 0.18 MPa, 34°C. The
pressure leaving the compressor is 2.3 MPa, and the maximum temperature in the cycle is
2350°C. Determine:

a) The pressure and temperature at each point cycle

b) The compressor work, turbine work, and cycle efficiency
’ [Take Cp = 1005 J/kgk, y= 1.4]

13. A steam main of 8 cm inside diameter and 9.5 ¢cm outside diameter is lagged with two
successive layers of insulation. The layer in contact with pipe is 3.75 cm asbestos with
thermal conductivity 0.11 W/m°K and the asbestos layer is covered with 1.5 cm thick
magnesia insulation with thermal conductivity of 0.067W/m°K. The inside film heat
transfer co-efficient is 290 W/m’K and the outside film heat transfer co-efficient is 7.0
W/m’K. Conductivity of pipe material is 45 W/m°K. Calculate the inside and outside
overall heat transfer co-efficient for 50 m length if the steam is passing .is at 350°C and
the ambient temperature is 30°C.

* ¥k
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Define thermodynamic equilibrium. Explain with illustrations.
Explain the concept of thermodynamic work and differentiate it with mechanical work.

Sketch the saturation curve on P-v and T-v diagram with all important points, lines and
regions.

Derive and explain first law of thermodynamics for a control mass. Also reduce it for a
cylic progress.
Define entropy. Derive isentropic relations for an ideal gas and an incompressible.

Explain the working of simple vapor compression refrigeration cycle with corresponding
processes in p-h and T-s diagrams.

Derive expressions for inside and outside overall heat transfer co-efficient for a hollow
cylinder subjected to convection medium on both sides.

4 kg of air contained in a piston cylinder arrangement at an initial pressure of 2500 kpa
and initial volume of 0.25 m” is allowed to expand according to pressure volume relation
of PV3= constant until its volume equals to 0.65 m>. The air is then cooled at constant
pressure until the piston comes to its initial position. Then heat is supplied to the air as the
piston is locked with a screw until the pressure rises to its initial pressure. Determine the
total work transfer.

A vessel contains 2 kg of saturated liquid water and saturated water vapor mixture at a
temperature of 150°C. One third of the volume is saturated .liquid and two third is
saturated vapor. Determine the pressure, quality volume mtemal energy and enthalpy of
the mixture.

Steam at 4 Mpa, 450°C enters a nozzle operating at steady state with a velocity of 50 m/s.

Steam leaves the nozzle at 2 Mpa and 300°C. The inlet area of the nozzle is 80 cm” and
heat loss from the nozzle surface occurs at the rate of 100 KW. Determine:

i) The mass flow rate of steam

ii) The exit velocity of the steam and

iii) The exit area of the nozzle

[Refer the attached table for the properties of steam]

A control mass system consists of ice and water 12 kg of water, at 37°C is mixed with 8
kg of ice at -27°C. Assuming the process of mixing is adiabatic, find the change of
entropy. Latent heat of ice = 336kJ/kg, C, for water = 4.2 kJ/kg k.

. A compression ratio of an air standard otto cycle is 8. At the beginning of the

compression process, the pressure and temperature of air are 100 kpa and 20°C
respectively. The heat added per kg of air during the cycle is 2000 KJ/kg determine:

a) The pressure and temperature at the end of each process of the cycle.

b) The thermal efficiency. [Take C,=718 J/kgk, Y=1.4]

An exterior wall of a residential building of 25 c¢m thick brick [k=0.7 W/m.°C] followed
by layers of 2cm thick cement plaster [k=0.48 W/m.°C] on both sides. What thickness of
extruded polystyrene insulation [k=0.035 W/m.°C] should be added to reduce the heat
loss (or gain) through the wall by 55 percent?
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TABLE 1 Properties of SATURATED WATER — Temperature Table

T P 3 Vig \A u, g u, h, hy, h, 5 Sig Sy

°C  kPa mikg - mlkg mikg | kikg kikg kikg | kIkg kIkg KkIkg | kIkgK  kikgK  kIkgK

§ Fes SR e G : 5 TR = SRR e 42 Zd] Saee
155 54299 | 0.001096  0.345 . 63335 1510.7 64.0 | 653.95 20984 27523 1.8927 4.901 6.7937
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TABLE 2 Properties of SATURATED WATER — Pressure Table
P T v Vi Vo U e u, by hy, h, S Sig S
kPa °c m*/kg m’/kg mikg | kikg kikg kikg | Kikg kIkg Wdikg | kikgK  kikgK  kdkgK

5

somn E o 3 : s SR
3250 ! Y 0.06150 5 15777 2603. . 736
001235  0.05582  0.05705 3 15576 2602.9 1753.0

S T Ty e P » . s
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TABLE 3 Properties of SUPERHEATED STEAM

P T v u h s
kPa e m’/kg Kd/kg Kikg  kIkgK

2000 (212.42) (0.09959) (2599.5) (2798.7) (6.3396)
250 0.1114 2678.8 2901.6 6.5438
300 0.1254 2771.8 3022.7 6.7651
350 0.1386 2859.4 3136.6 6.9556
400 0.1512 2945.1 32475 7.1269

kP2 °c m>/kg KkJ/kg klkg  kI/kgK

4000 (250.39) . (0.04977) (2601.5) (2800.6) (6.0689)
300 0.05882 2724 4 2959.7 6.3598

350 0.06644 2826.1 3091.8 6.5811

400 0.07340 2919.8 32134 6.7688

450 0.08002 3010.3 3330.4 6.9364
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Differentiate between closed system and open system with suitable examples.

Define total energy of a system. And differentiate between the stored energy and transient
energy with examples.

Sketch saturation curve of water in T-v with the help of isobar lines. Show all 1mportant

points, lines and region. Also define saturation temperature and quality.

Write down general expressions for mass and ‘energy conversion for a control volume.
Reduce these equations for an adiabatic nozzle and condenser. -

5. Derive expression of entropy generation for a control mass.
6. Write the assumptions of an air standard analysis. Sketch an ideal diesel cycle on P-v and

T-s diagrams. Also compare Otto and diesel cycle.
Derive an expression for steady state radial heat conduction through a hollow cylinder.
Also derive expression for its thermal resistance.

A vessel shown has two compartments as shown in figure below at different pressures.
The pressure gauge A reads 4 bar and B reads 2 bar. The barometer reads 760mm of Hg.

Calculate the reading of gauge% [Take p= 13600kg/m> and g = 9. 81m/s?]

. A one liter closed vessel contains water at its critical conditions. This vessel is cooled

“until its pressure drops to 1 MPa. Calculate the mass of water in the vessel, the final
dryness fraction and final temperature. Also show the process on P-v at T-v diagrams.

10. Consider the piston/cylinder arrangement as shown figure below. When the piston rests

on the lower stops, the enclosed volume is 400L. When the piston reaches the upper
stops, the volume is 600L. the cylinder initially contains water at 100kPa, 20% quality. It
is heated until the water eventually exists as saturated vapor. It takes a pressure of 300kPa
to lift the piston. Sketch P-v-and T-v diagrams and determine the work transfer and heat

transfer for the overall process.
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11. The conditions of steam at entrance and exit of a turbine are: h; = 3456.5kJ/kg,
$=7.2338kJ/kgK, V) = 150m/s; and h, = 2792.8kJ/kg, S, = 7.4665 kl/kgK, V2 = 100m/s
respectively. The work output per kg of steam flow is. 600k]. Heat transfer between of
500K. Determine the entropy generation per kg steam flow.

12. Air is used as the working fluid in a simple ideal Brayton cycle that has a pressure ratio of
12, a compressor inlet temperature of 300K, and a turbine inlet temperature of 1000K.
Determine the required mass flow rate of air for a net power output of 90MW also
calculate thermal efficiency of the cycle.

13. An exterior wall of a House consists of 10cm of common brick (k = 0.8W/mK) followed
by a 4cm layer of gypsum plaster (k = 0.5W/mK). What thickness of rock wool insulation
(k =0.065W/mK) should be added to reduce the heat transfer through the wall by 50%?

e ] «
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. Differentiate between microscopic and maeroscopic view point of thermodynamics.

Write down the similarities and differences between heat transfer and work transfer.

. Define pure substance. State and explain ‘State Postulate’.

- Write down .general mass conservation and energy conservation _equations for a control

volume. Also derive mass and energy conservation equations for a gas filling process in a
gas station.

Write down classical statements of second law of thermodynamlcs Derive the
equivalence between Kelvin Plank’s and Clausius’s statement of 2" Jaw of
thermodynamics.

6. What is air standard cycle? Differentiate between diesel cycle and otto cycle. -

Derive the heat transfer for composite plane wall.State the electrical analogy for thermal
resistance.

A piston cylinder device loaded with a linear spring with a spring dbnstant of
k= IOOkN/m contains a gas initially at a pressure of Pum = 100 kPa and a ‘volume of
0.05m’, as shown in figure below. The mass and cross. sectional area of the pxston are 50

kg and 0.01m? respectively. Heat is supphed to the system until its volume doubles,

determine the final pressure. [Take g=9. 81m/s’]

A rigid vessel having a volume of 0. 02m?, initially contains water at its critical state. The

vessel is cooled until its pressure drops to 2000kPa. Sketch the process on P-V and T-V
diagrams and determine:

a) The mass of H,O present in the vessel
b) The quality at final state

¢) The mass of saturated liquid water and saturated water vapour at the ﬁnal state. [Refer
attached table for the properties of steam].

(4]
(4]
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10. Argon (100g; is in the piston-cylinder device shown in the figure below. The i:itial
pressure is 6.0 MPa and temperature is 200C. There is 2 heat transfer to the argon,
causing tae piston to rise until it hits the stops. There is an additional heat transfer until
tk:e final pressure is 8.0 MPa and temperature is 800°C.

2) Draw the process on P-V and T-V diaginms
b) Find the total work done in the process |1 ake =2083/kgi].

11. A heat pump having a coefficient of 50% of the theoreiical maximum maintains a house
at a temperature of 20°C. The heat leakage from the house occurs at a rate of 0.8kW per
degree temperature difference. For a maximum power input of 1.5kW, determine the
minimum surrourdings temperature for which the heat pump will be sufficient? [8]

12. A steam power plant operates on a simple- Rankine cycle between the pressure limits of

2 MPa and 20 kPa. The temperature of the steam at the turbine inlet is 400°C, and the
mass flow rate of steam is 50kg/s. Determine: (8]
a) The thermal efficiency of the cycle

b) The net power output of the plant [Refer attached table for the properties of steam]

13. The inside surface of an insulating layer is at 300°C and the outside surface is dissipating
heat by convection into air at 25°C. The insulating layer has a thickness of S5cm and
thermal conductivity of 0.8W/mK. What is the minimum heat transfer coefficient at the
outside surface if the outside surface temperature should not exceed 100°C? 18]

Shekok
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Define thermodynamic process. Sketch P-v, T-v and P-T diagram for an ideal gas
undergoing isothermal expansion.

Define work transfer and heat transfer. Also mention their sign conventions used in the
analysis of thermodynamic problems:.

...Define; - saturation -temperature, saturated vapor, quality, subcooled:liquid-and - critical-:

point,

Define steady and unsteady state system Derive the expression of conservation of mass
and conservation of energy for control volume having steady and unsteady flow.

Define reversible heat transfer reservoir and reversible work transfer reservoir. Derive

expressions for change in entropy for reversible heat transfer reservoir and reversible
work transfer reservoir.

Differentiate between power cycle and refrigeration cycle. Sketch components, P- v and
T-s diagrams for Rankine cycle. g

Define thermal resistance. Write down expressions of thermal resistance for pland_wall,
hollow cylinder and convection heat transfer. Derive an expression of heat transfer for a

composite plane wall consisting of three layers using thermal resistance, inside and
outside wall temperature. : Cve

Attached to the containers shown in figure below are three pressure gauges. Detenmne
the absolute pressure in compartment 2 and reading of pressure gauge c.

a
P.=1.0MPa

(5]
(4]

(5]

{3]



9 A iz containel with a volume or 0.170ua” is initially i-uied with steam at 200 kPa and
350°C. It is cooled to 90°C.

a) At what temperature does a phase change' starts to occur?
b) What is the final pressure?
c) What mass fraction of the water is liquid in the final state?

Also sketch the process on P-v and T-v diagrams. [Refer the attached table for properties
of steam]

10. An adiabatic diffuser has air entermg at 100kPa, 300K, with a velocity of 200m/s The
inlet cross sectional area of the diffuser is 100mm?. At the exit, the area is 860mm and

the exit velocity is 20m/s. Determine the exit temperature and pressure of the air. [Take
Cp=1005 J/kg K, R =287J/kg K].

11. Steam at 700kPa with a quality of 0.96, is throttled down to 350kpa. Calculate the change
of entropy per unit mass of steam. [Refer the attached table for propérties of steam. ]

12. Air enters the compressor of an ideal air standard Brayton cycle at 100kpa, 300k, with a

volumetric flow rate of 5Sm’/s. The compressor pressure ratio is 10. The turbine inlet
temperature is 1400k. Determine:

a) The thermal efficiency of the cycle
b) The ret power developed, in kW. [Take R=287J/kyg K, cp=1005J/kg K, Y =1 4]

13. The inside surface of an insulating layer is at 270°C, and the outside sm'féfce is dlSSlanDg
heat by convention in to air at 20°C. The insulation layer is 4 cm thick and has thermal
conductivity of 1.2W/m.K. What is the minimum value of the heat transfer coefficient at
the outside surface if the outside temperature is not to exceed 70°C?

sdokok

(8]

(6]

(8]
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Define quality of a two-phase mixture. Water at atmospheric condition is heated to superheated
vapor state under constant pressure condition. Sketch the heating process on P-v, T-v and T-s
diagrams.

| (3]
Prove that "There exists a property of a closed system such that a change in its value is eq_ual [61-

o the difference between the heat supplzed and the work done during any change of state." »

. Write down clasacal statements of second law of thermodynarmcs 3]
Sketch P-V and T-S dlagrams for air SLandard Otto and -air standard D1ese1 cycle Llst the
differences between Otto and Diesel cycle : [51

~_5"““D_ﬁne thermal resmtance Write dowi expressmns ior Thermal Tesistances for plane wall -
- hollow cylinder and convection heat transfer. Derive an expression for a composite plane wa
consisting of three layers using thermal resistance. (e]

- Define viscosity. EXplain the effect of temperatu're and pressure.on Viscosity. 4]
leferenuate between Laminar and turbulent flow. Also define Reynolds Number. [5]
Def'me turbine. How turbmes are c13351ﬁed accordmo to head? _ [4]
Air (2 kg) is contained in a vertical fnctlonless plston -cylinder device shown in Figure P.9.

The mass of the piston is such that the air has'a pressure and temperature of 10.0 MPa.and
75.5°C. Thefe is a heat transfer to the cylinder until the piston reaches some stops, at which
point the total volume is 0.04 m’. There is an additional heat transfer to the air until the
~pressure is .15.0 MPa. Determine the total heat transfer and the total work, and show the
process on P-v and T-v diagrams. [R = 287 J/kg.K, ¢, = 718 J/kg. K] [10]

0.

Figure P.9

Steam at 800 kPa and 300°C is flowing with a velocity of 43 m/s "e"ersibly and =zdiak
through a ‘mﬁlc and lea\ es the nozzle at 100 kPa. Determing the exit velecity of the stea i
W, [Rerer ine ariaches taole jor properties of steom)




£E2 . Pl operties of SUPERHEATED STEAM

T - v ' h s
°Cc m’kg  kJ/kg - kJkg  kI/kgK

800 (170.44) (0.2404) (2576.6): (2768.9)  (6.6625)

200 0.2607 26302 28388 ~ 6.8151
250 02931 27148 29493  7.0373
300 03241 27966 = 30559 7.231

f.201

350 0.3544 2877.9. 3i6l.4 7

11 An alpsstalard Dissal cycle has a compres\ ion ratio of 1s, a“d the heat'transferred to the -
working fluid par cycle 1s 1800 kl/kg. At the beginning of the COIMPIESSION Process t”
pressure is 0.1 MPa an€ the temperature is 15°C Determine: - -
(a) The pressure and temperature at each poini 1n the cycle. '
(%) The thermal efficiency.
(c,) The mean effective pressure.
[Take c, = 1.005 kJ/kg and ¢, = 0. 718 kJikg]. [10]
12. An insulated steam pipe passes through a rocm in which the air and walls are at 25°C. The
outside diameter of the pipe is 70 mm, and its surface temperature and emissivity are 200°C -
and 0.8 respectively. If the coefficient associated with free convection heat transfer from the
surface to the air is 15 W/m’K, what is the rate of heal loss from the surface per unit length of ]
the pipe? [o = 5.67 x 10° W/m*K*) 71 =
13.  Water is flowing at the rate of 40 liters/s through a tapering pipe. The diameters at the bottom
and upper ends are 300 mm and 200 mm respectively. If the pressure at the bottom and upper —-
ends are 250 kPa and 100 kPa respecnvely determine the dlfference in datum head. [p = 1000 ~
kg/m’, g = 9.81 mis"] [7]
'TABLE1  Properties of S\TURATED WATER - Pressure Table :
P T B Vi ; ve | w Uy LU by Chg o b 5 Sig Se
kPa ’c m'/kg  m/kg m’kg | ki/kg kikg kI/kg | kI/kg - kJ/kg Kikg | kIkgK KI/sgK kIke
90 95713 | 0.001041 18688 1.8698 | 40511 20071 25022 | 40520 52653 26705 | 12696 61247  7.35-
100 99632 | 0001043 16933 16943 |417.41 20883 25057 | 417.51  2257.6 2675.1| 13027 60562  7.35¢
10132 100.00 { 0.001043  1.6727 16737 | 41896 2087.1 2506.1 | 419.06 22566 26757 | 13069  6.0476  7.35% .
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. - Sketch the following process on P-v, T-v and T-s diagrams:

a) Water at compressed liquid state is heated to super heated vapor state in a cylmder
" with a freely moving cylinder.

b) Water at two-phase mixture (saturated liquid and saturated vapor) state is heated to
super heated vapor state in a rigid vessel.

Define total energy of a system Also differentiate between the stored energy and

transrent energy. .~ .

Denne steady state work applications. Write déwn the steady state energy equation and

reduce it for an adiabatic turbine. Explain which properties are significant for a gas -
turbine.

Define a polytropic process. Sketch polytropic processes with n = 0, 1, 1.4 and ® on a
common P-v diagram. Derive an expression for work transfer for an isothermal process.

Air (m = 0.1 kg) is contained in piston/cylinder assembly as shown in figure. Initialiy, the:
piston rests on the stops and is in contact with the spring, which is in its unstretched".

position. The spring constant is 100 kN/m. The piston weighs 30“kN and atmospheric:*

pressure is 101 kPa. The air is initially at 300K and 200 kPa. Heat transfer occurs until
the air temperature reaches the surrounding temperature, 700K.

a) . Find the final pressure and volume

b) Find the process work

¢) Find the heat transfer A
d) Draw the P-V diagram of the process [Take R =287 J/kgK, Cv =718 J/kg K]

Steam enters a nozzle at 400°C and 800 kPa with a velocity of 10 m/s, and leaves at 300°C
and 200 kPa while losing heat at a rate of 25 kW. For an inlet area of 800cm?, determine

the velocity and the volume flow rate of the steam at the nozzle exit. [Refer the attached
table for properties of steam]

(5]

51

(10]
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3. The pressure and temperature at the beginning of compression of an air-standard diesel

cycle are 95 kPa and 300K, respectively. At the end of the heat addition, the pressure is
7.2 MPa and the temperature is 2150K. Determine:

a) the compression ratio
b) the cutoff ratio
c) the thermal efficiency of the cycle. [R = 287 J/kg, Cv =718 J/kg K]

9. Derive ‘an”exprebssion for an overall heat transfer coefficient for a composite cylinder
consisting of three cylindrical layers subjected to convection on both sides.

10. The roof of an electrically heated home is 8m long, 6m wide, and 0.25m thick, and is
made of a flat layer of concrete whose thermal conductivity is k = 0.8 W/m.K. The
temperatures of the inner and the outer surfaces of the roof on night are measured to be
15°C and 4°C, respectively, for a period of 10 hours. Determine:

a) " the rate of heat loss through the roof for that night, and
b) the cost of that heat loss to the home owner if the cost of electricity is Rs. 10/kWh.

11. Define: Cohesive force, Pressure head, Stream line and Coefficient of Lift.

12. Three pipes steadily deliver water to a large exit pipe shown in figure. For velocity
V, =5 m/s, and the exit flow rate Q4 =-120 m*/h, find (a) Vi; (b).Vs;.and.(c) Vq it'it is

-+~-known that increasing Q3 by 20% would increase Q4 by 10%.

\ D;=6cm A
Dz=5cn\

¢, 13. Define:-turbomachine and hydraulic machine. Differentiate between turbme and pump.

dkok .
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Explain the laws of thermodynamics. Define the entropy as a function of state.

a)

b)

b)

b)

- ata'section 3m above datum. The pressure of water at first section is 500 Kpa. If the -

Write down the general steady flow energy equation. Derive the smphﬁed forms
when used for the centrifugal pump and table fan.

Water is in a. plston/cyhnder mamtalmng constant pressure at 700 KPa, quality 90%

with a volume of 0.1m>. A heater is turned on, heating the water with 2.5 KW. How .

long does it take to vaporize all the - liquid?

- Define heat.engine,.refrigerator and heat pump ‘Explain why the performance of heat.

engine is measured in terms of efﬁcmncy but that of refrigerator and heat pump is in
terms of COP? Why does the expression for COP. differ for refrigerator and heat
pump?

A Camot engine operates between two reservoirs at temperature T, and Ty. The work
output of the engine is 0.6 times the heat rejected. The difference in temperatures
between the source and the sink is 200°c. Calculate the thermal efﬁc1ency, the source
temperature and the sink temperature.

Using T-S and P-V diagram, prove that, for the same quantity of heat added, increase
of compression ratio increases the thermal efficiency of an Otto-Cycle.

Consider a steam power plant operating on the simple ideal Rankine Cycle. The steam

-enters the turbine at 3 Mpa and 350°c and is condensed in the condenser at a pressure

80 Kpa. Determine the thermal efficiency of the cycle.

Derive an expression for the heat loss and overall heat transfer coefficient through a
composite wall of layers considering the convective heat transfer coefficient.

Alr at 27°c and 1 atm flows over a flat plate at a temperature of 60°c witit a speed of
2 m/s. Calculate the heat transferred in the first 20cm of the plate and 40cm of the
plate. (Properties at the film temperature 43.5°c are v = 17.36x1076m?/s, K = 0.02749
w/m®c, Pr=0.7, Cp = 1.006 Kj/Kgk)

Explain the characteristics of laminar and turbulent boundary layer.

The diameter of a pipe changes from 200mm at a section of 5m above datum to 50mm

velocity of flow at the first section is 1m/s, determine the pressure at the second

: SECHOH

Describe the working principles of impulse and reaction turbine.

x Kk

(3]

B

(8]

18]

[6]

(8]

(8]

(8]
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1. Differentiate between Microscopic and Macroscopic viewpoint with examples.

N

Derive expressions for displacement work transfer for the following process:

a) Constant- Pressure Process
b) Constant temperature process and
¢) Polytrophic process

Explain how saturation curve is formed on T-v diagram.

4. State first law of thermodynamics for a control mass undergoing cyclic process. Write the

mass and energy equations for a control volume and reduce them for steady state process.

Define isentropic process. Derive isentropic relations for an ideal gas and incompressible
substances.

Sketch an ideal Brayton cycle on P-v and T-s diagrams; also derive an expression for its
efficiency.

Derive an expression for conduction heat transfer through a composite cylinder.

A mercury manometer is used to measure the pressure in stream pipe. The level of the
mercury in the manometer is 97.5 mm. Find the absolute pressure of stream inside the
pipe. If the reading of the manometer drops to 80 mm, what is the new pressure of steam?

[Take sp.gr. of Hg = 13.6, Py = 760 mm of Hg and g = 9.81 m/s?]

A rigid container with a volume of 0.170 m® is initially filled with stream at 200 kPa,
300°C. It is cooled to 90°C. (Steam tables are attached here with)

a) At what temperature does a phase change start to occur?
b) What is the final pressure?
c) What mass fraction of the water is liquid in the final state?

10. A gas turbine develops 60 MW of power output, Mass flow rate of gas is found to be 80

kg/s. Properties of gas at inlet and exit of the turbine are as follows:

Properties Inlet Qutlet
Pressure 8§ MPa | 0.1 MPa
Temperature 500°C | 50°C
Velocity S0m/s | 150 m/s
Elevation above the reference level | 10 m Sm

a) Determine the rate at which heat is lost from the turbine surface.
b) Determ?%he inlet and outlet areas. [Take R = 287 J/kg.k C, = 1005 J/kgk)
s k .

[4]
[4]

[4]
[6]
(6]

[6]
6]

(6]

(8]

(8]
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Table R 2. 2 Propertnes of SﬂTURHTED WATER - Temperature Table &

T P Vi Vig £ u Uy u, | h ‘ hyg "~ hy S Sig A

°C kPa | mkg m’/kg m’/kg kI/kg kIkg ki/kg | kI/kg . kI/kg kl/kg | kl/kg.K kJ/kg.K kl/kg. K g

5 0.8726] 0.00:000-  147.02 147.021 21.020 2360.4 . 2381.4] 21.021 2488.7 2509.7] 0.07626  8.9473 9.0236~:.:f_§'

10 1.2281] 0.001000 106.32 106.32] 41.986 2346.3 2388.3] 41.988 2476.9 25189{ 0.1510 87476  8.8986 5

15 1.7056] 0.001001 77.896  77.897| 62915 23323 2395.2| 62917 '2465.1 2528.0] 02242 ' 85550  8.7792 B

20 2.3388{ 0.001002 57.777  57.778| 83.833 23182 2402.0| 83.835 24534 2537.2| 02962 83689  8.6651 8
25 0.01003  43.356  43: 357 104.75 -2304.1. 2408.9) 104.75 2441.6 . 0.3670 ~ 8.1888 8.5558

Apoureyr;1o

5752 0001015~ 95716 9.57: 22, 2219.0 24492 230.24 23698 26000| 07679  7.2217
0001017 7.6733 . 7.6743| 25113 2204/ 8] 25115 23577 2608.8| - 08312  7.0768
0.001020 - 6. 61996 272.05 2190.3 2462.4[ 27208 23454 2617.5| 08935  6.9360

2333.1 - 2626.11" 09549 - 6.7991"
23206 2634 " -1,0155 - 6.6658

I0J5URL, JESH PUE SOMEU

G.001052 1.2106| 46119 20567 2517.9) % {.
0,001056 0358 0370{ 482.36 "2041.1 2523.5 37 098, | RELCITAL S AL LL )
2120 198 . ).8911  0.8922] 503.5 5 2529.1f 503. 78 ' ; : 019 71297
& 125 23201 0001065 07698 0.7709} 524.82 .20007 2534.5| 525, 07_ 2713.4] * 15815 ...54962  7.0777
. RS S I L
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11. A rigid vessel consist of 0.4 kg of hydrogen initially at 200 kPa and 27°C, heat is
transferred to the system from a reservoir at 600K unti! its temperature reaches 450 K.
Determine heat transfer, the change in entropy of hydrogen and the amount of entropy
produced. (Take ¢, = 10.1831J/KgK) , ’ n

12. An engine working on a diesel cycle has a compression ratio of 16 and the cut off takes
place at 8% of the stroke. Determine its air standard efficiency. What will be new
efficiency if compression ratio is increased to 20? [Take y = 1.4].

13. A 150 mm steam pipe (k = 42 W/mK) has inside diameter of 120 mm and outside
diameter of 160 mm. It is insulated at the outside with asbestos (k = 0.8 W/mK). The
steam temperature is 150°C and the air temperature is 20°C. The heat transfer co-efficient
for inner and outer surfaces are 100 W/m’K and 30 W/m’K. How thick should the

asbestos to be provided in order to limit the hat loss to 2.1 kW/m??
*kk '
By
5,'?
@S .
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- i -
P . T - v u h - S P T \ u h /s .
kPa  °C  mkg . ki/ke kJ/kg  kJ/kgK kPa ’c m/kg  kJ/kg  kd/kg /kI/ke.K
200 (120.24) (0.8859) (2529.4) (2706.5) (7.1272) 300 - (133.56) (0.6059) (2543.5) €2725%) (6.9921)
L Y150 09597 25767 27686  7.2793 150 06339 25707 9 7.0779
200 1.0803 2653.9 28700  7.5059 200 07163 2650.2 7.3108
250 11988 27308 2970.5  7.7078 250 07963 27282 29671  7:5157
300 13162 28082  307.4  7.8920 300 0.8753 28063 30689  7.7015
¥
Py
~

600 201307 0L 37043
650  2.1287 33897 38154  8.901I
700 52443 © 34794 39283 9.0201
750 23599 35709 40429  9.1350
800 . 24755 36641 41592  9.2460
850" "'2.5910  3759.1  4277.3  9.3536
£

600 13414 33011 85895
6507 14186 3389.1 147 87134
700 14958 34789 39277  8.8325
750 1.5729 .3570.5 40423  8.9475
‘800 1.6500 36638 4158

850 - 17271 37588

JOJSURLY. 1EO DUR SOMIMTANANTIANTS vn mencanmcim - .
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11.a) Name the following complexes by [UPAC system [2+3]

e
— i) [CHELO)CIICE,
i) [Co(en)s]Brs .
iii) IngNiCh] ' - *
iv) [Cr(CeHe):]
b)/How does Werner's theory explain the structures of complex compounds?

12. What ‘are primary and low explosives? Give the preparation and uses of glycerol

t;irnitrate. [2+3]
13.2) What is paint? Give the requisites of a good paint. [3+2]
b) What are lubricating oils? Indicate their importance in engineering fiels.
14.%) What isomerism is shown by butenedioic acid and why? [3+2]

b) lfiﬂ'erentiate between racemic mixture and meso compound.

15/What are elimination reactions? Write the mechanism of E? reaction taking an example.

Shoy your acquaintance to Saytzeff's rule. [142+42]
16, What do you mean by SN reactions? Explain reaction mechanism for the hydrolysis of 3° '
alky halide by aqueous sodium hydroxide. [1+4]

%%k
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1. Differentiate between: (a) intensive property and extensive prof:ercy; (b) state function
and path function. [4]
2. Define internal energy and total energy of a system. Derive work transfer for an ideal gas
undergoing an isothermal process. [4]
Sketch the saturation curve of water with the help of isobaric lines and isothermal lines. 4]

4. Derive an expression for mass flow rate through a uniform section of any control volume,
Differentiate between steady and unsteady state control volume with examples. - [e]

5. Define reversible work transfer reservoir. Also derive expressions for the change in
entropy due to reversible work transfer process and interpret the result, [6]

6. Differentiate between Gas cycle and Vapor cycle with the appropriate examples. Sketch
the components of a gas turbine power plant and corresponding processes on P-v and T-s
diagrams. (6]

7. Using thermal resistance approach derive an expression for inside overall heat transfer
coefficients for two layers of hollow cylinder subjected to convection medium on both
sides. ' [6]

8. Air (0.01 kg) is contained in a piston cylinder device restrained by a linear spring
(k=500 kN/m) as shown in figure below. Spring initially touches the piston but exerts no
force on it. Heat is added to the system until the piston is displaced upward by 80 mm.
Determine

a) the temperature at which piston leaves the stops and
b) the final pressure. {Take R =287 J/kg.K, Py = 100 kPa and g =981 m/s? [6]

s
o]
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9,

10.

11.

12.

A piston cylinder device shown in figure below contains water initially at a pressure of
125 kPa with a quality of 50%. Heat is added to the system until it reaches to a final
temperature of 800°C. It takes a pressure of 600 kPa to lift the piston from the stops,
Sketch the process on P-v and T-v diagrams and determine:

a) the mass of H,O in the system, and
b) the total work transfer. [Refer attached table for the properties of steam]

Air flows steadily through an adiabatic compressor entering at 150 kPa. 150°C and with a
velocity of 200 m/s and leaving at 100 kPa, 500°C and with a velocity of 100 m/s. The
exit area of the compressor is 100 cm?. Determine

a) the mass flow rate of air through the compressor, and
b) the power required to drive the compressor.
[Take R =287 J/kgK and C, = 1005 J/kgK]

A rigid vessel consists of 0.4 kg of hydrogen initially at 200 kPa and 27°C. Heat is
transferred to the system from a reservoir at 600 K until its temperature reaches 450 K.
Determine the heat transfer, the change in entropy of hydrogen and the net entropy
change due to the process. [Take C, = 10.183 kJ/kgK]

The compression ratio of an ideal Otto cycle is 8.5.At the beginning of the compression
stroke, air is at 100 kPa and 27°C. The pressure is doubled during the constant volume
heat addition process. Determine:

a) the heat added per kg of air
b) the net work output per kg of air,
¢) the thermal efficiency, and
d) the mean effective pressure
[Take C, =718 J/Kgk, v=1.4]

- A hot plate of length 80 cm, width 50 cm and thickness 4 cm is placed in air stream at

20°C. It is estimated that a total of 300 W is lost from the plate surface by radiation when
it has a outer surface temperature of 250°C at steady state. If the convective heat transfer
coefficient is 25 W/m°K and the thermal conductivity of the plate is 50 W/mK, determine
the inside surface temperature of the plate.

(8]

[8]

(8]

(8]

[6]



