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| Differcrtiate state function and path function with relevant example. {4]
2. Derive an expression of work transfer in non-flow isothermal process with correspending -
PV diagram. [4]
3, Explain the criteria of a pure substance. Define state postulate. {3+1]
4. Dérive an expression of energy for adiabatic turbine and adiabatic nozzle. [3+3]
5. Show the equivalence of Kelvin Planck statement and Clausius statement using heat
engine, refrigerator and heat pump. [2+4]
6. Derive an expression of efficiency of Brayton cycle in terms of pressure ratio. [6]
7. Define the properties: transmissivity, absorptivity, and reflectivity of a material. [2x3]

%, 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 10 convert a temperature reading on

o scale to °C scale. Also determine the change in °N scale when the temperature of a

system increases by 50°C. 161
9. A piston cylinder arrangement shown in figure contains water initially at Py = 101.3kPa,

x; = 0.8 and V; = 0.010 m’. When the system is heated, it encounters a linear spring (k =

100 kIN/m). At this state volume is 0.015 m’. The heating continues till its pressure is 200

KPa. If the diameter of the piston is 0.15 m, determine: (8]

a) The final temperature, and
h) The total work transfer.
¢) Also sketch the process on P — v diagram.

10. A piston cylinder device shown in figure contains water initially at Py = 1 MPa and
T, = 500°C. A pressure of 400 kPa is required to support the piston. There is a heat
transfer from the deviee until its temperature drops to 30°C. Sketch the process on P — v
and T — v diagrams and determine the total work and heat transfer. [8]



11. Air enters a gas turbine at 1 MPa and 1500 K and exits at100 kPa. If its isentropic

efficiency is 80 %, determine the turbine exit temperature. (8]
12. The following data are given for a four stroke diesel engine: 81

Cylinder bore = 14 ¢m

Stroke length =25 ¢cm

Clearance volume =350 cm?

Determine the air standard efficiency. if fuel injection lakes place at constant pressure for
5% of the stroke.

13. A 3em thick plate (k = S0W/mK) 50 cm by 70 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 0.91 and the convective heat tramsfer coefficient is 25 Win'K,
determine the inside plate temperature. [Take ¢ = 5.67 X 1078 w/m*K*). (6]
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1. Explain zeroth law of thermodynamies with its engineering application. [4]
5 Discuss the concept of stored and transient energy with their types for a closed system. (4]
3. Explain the necessity of property table and property charts of working substances in '
thermodynamics. 4]
4. Describe first law of thermodynamics for control mass with relevant energy and mass
relations. Also discuss it while working in eyclic process. [4+2]
s PDerive an expression of performance measurement of heat engine, heat pump and
refrigerator with relevant schematic diagram. (6]
6. Discuss vapor compression cyele used in refrigeration with major components with the
help of P-h and T-s diagram. 6]
7. Determine expressions of overall heat transfer coefficient when a hollow cylinder is
exposed to two convective medium with two different temperature conditions. |61

8. A nitrogen cylinder having a volume of 15 m® initially contains 6 kg of nitrogen.
Determine the specific volume of nitrogen in the cylinder initially. During certain process
4 kg of nitrogen is consumed, determine the final specific volume of nitrogen in the
cylinder. Also plot the amount of nitrogen that has been consumed versus the specific
volume of the remaining in the cylinder. [&]

9, A piston cylinder arrangement shown in figure 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 work transfer. (%]




10. A gas undergoes a thermodynamic cyele consisting of the following three protesses:

11

12.

15

« Sketch the process on P-V and T-V diagrams.
« Calculate the net work for the cycle.

e (Calculate the net heat for the cycle.

« Calculate the heat transfer for process 2-3.

s« Calculate the heat transfer for process 3-1.

« s this power cycle or a refrigeration cycle?

Process 1-2 | constant volume,V; = 0.08 m?, P, = 100 kPa,
U, — U, = 140 kJ

Process: 2-3 | expansion with PV = constant, I = U;
Process: 3-1 | constant pressure, Wi, = =56 k]

Air enters a gas turbine at 1 MPa and 1500 K and exits at 100 kPa. If its isentropic
efficiency is 80 %, determine the turbine cxit temperature.

Air at the beginning of compression stroke in an ideal Diesel cycle is at 100 kPa and
295 K and the compression ratio is 20. Determine the maximum temperature during the
cycle to have an efficiency of 65 %,

A thick-walled tube of stainless steel [k =19 W/m®C] with 2 cm inside diameter and 4cm
outer diameter is covered with a 3cm layer of asbestos insulation k=02 W/m"C). If the
inside wall temperature of the pipe is maintained at 600"C, caleulate the heat loss per
meter of leagth, Also caleulate the tube-insulation interface temperaturc. Take outside
temperature of the insulation as 100°C.

L L

[8]

(8]

18]
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Explain state, path and cycle in engineering thermodynamics with relevant example.
Show the similarity and dissimilarities of heat and work transfer.

Define critical point, ideal gas, quality and moisture content.

Explain steady state work applications under control volume with relevant example.

What is entropy? Derive an expression governing the change in entropy for
incompressible substance under isentropic condition.

Derive an expression of efficiency of diesel cyele in terms of compression ratio and cutoff
ratio. i

Determine an expression of overall heat transfer coefficient when a plane slab is exposed
to two convective medium with two different temperature conditions.

A cylinder with a total volume of 0.5 m’ has a movable piston as shown in figure. When
the piston is at ong fourth of the length, both sides have same specific volume of 4 m’/kg.
Determine the specific volumes of both sides when the piston is at middle of the cylinder.

[
]
|

x=14

Water (2 kg) is contained within a piston-cylinder arrangement as shown in figure. The
initial temperature is 105°C and there are equal masses of liquid and vapor initially. The
system is heated to a position where the piston is locked, and then the system is cooled to
the saturated vapor state at T = 50°C. Draw the process on a P-v diagram, and evaluate
the work done during the process.

[4]
[4]
14]
(6]

[2+4]

6]

[6]

[6]

(8]




10.

11,

12.

13,

Air expands through an adiabatic turbine from 1,000 kPa, 1,000 X to 100 kPa, 400 K.
The inlet velocity is 15 m/s whereas exit velocity is 150 m/s. The power output of the
turbine is 3,600 kW. Determine the mass flow rate of air and the inlet and exit areas,
(Take R = 287] /kgK and cp = 1005 J /kgK]. (8]

A heat pump having a COP of 5 maintains a building at a temperature of 24°C by
supplying heat at a rate of 72,000 k] /h when the surroundings is at 0°C. The heat pump
rung 12 hour in a day and the clectricity costs Rs 11/kWh. [6+2]

a) Determine the actual and minimum theoretical cost per day.
b) Compare the actual operating cost with the cost of direct electric resistance heating,

The following data are obtained for a four stroke petrol engine: [8]
Cylinder bore =14cm
Stroke length =15 cm
Clearance volume =231 cm?

Determine:

a) the ratio of clearance volume and swept volume,

b) the compression ratio, and

¢} the thermal efficiency.

An exterior wall of a house consists of a 0.1m layer of common brick (k=0.7W/m()
followed by a 0.04 m layer of gypsum plaster (k = 0.48W/mK). What thickness of loosely
packed rock wool (k = 0.061W/mK) should be added to reduce the heat loss through the

wall by 65%7 [6]

L L L]
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Define thermodynamic equilibrium. Explain the conditions required for thermodynamic

equilibrium. [4]
2. Define energy and power. Explain how different forms of energies are classified in

thermodynamics. [4]
3. Define the following terms: saturation pressure, saturated liquid, critical point and quality.  [4]

4. Write down general mass conservation and energy conservation equations for a control
volume. Also and reduce them for a control volume operating under steady sate
condition. [6]

5. Define entropy. Derive entropy relations for an ideal gas. [6]

6. List assumptions of an air standard analysis. Sketch P-v and T-s diaprams for Otto and
Diesel cycle. 16]

7. Using thermal resistance derive an expression for outside overall heat transfer coefficient
for composite cylinders consisting of two layers with convection on both sides. [6]

8. A large chamber is separated into two compartments which are maintained different
pressures, as shown figure below. Pressure gauge A reads 180 kPa, and pressure gauge B
reads 120 kPa. If the barometric pressure is 100 kPa, determine the absolute pressure
existing in the compartments and the reading of gauge C. (6]

B




9.

1.

13

A piston cylinder device shown in figure below contains 2 kg of HyO 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)

Q/

- A piston cylinder device shown in figure below contains 3.06 kg of air initially at a

temperature of 34°C. Heat is supplied to the system untl it reaches to a final temperature
of 950°C and a final pressure of 5 MPa. Sketch the process on P—V and T~V
diagrams and determine the total work transfer and tota! heat transfer.
[Take R = 287] /kgK and ¢, = 718 [ fkgK

A heat pump has a coefficient of performance that is 80 % of the theoretical maximum, It
maintains a hall at 20°C, which leaks energy 1 kW per degree temperature difference to
the ambient. For a maximum of 1.5 kW power input, determine the minimum outside
temperature for which the heat pump is sufficient.

- An ideal Brayton eycle has pressure ratio of 10. The temperature of air at compressor and

turbine inlets are 300 K and1200 K respectively. Determine its thermal efficiency and
the mass flow rate of air required to produce net power output of 80 MW [Take y = 1.4,
cp = 1005 J/kgK]

A 2.5 cm thick plate (k = 50 W /mK) 50 cm by 75 ¢m 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 /miK,
determine the inside plate temperature.

E Y L]

18]

(8]

18]
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1. Define thermodynamic property. Differentiate between intensive and extensive properties
with examples. [4]
2. Differentiate between heat and work. A gas in a piston-cylinder device is compressed,
and as a result its temperature rises. Is this a heat or work interaction? [3+1]
3. Define specific heat. Why a gas has two specific heats? Derive an expression for the
specific heat of a gas at constant volume. (4]
4. Define steady state work application. Write down the general mass and energy equation
for a steady state process and reduce them for an adiabatic turbine. [1+2.5+2.5]
5. Define isentropic process. Derive isentropic relations for an Ideal gas. [1+5]

6. Define mean effective pressure (MEP) for an intemal combustion engine. Draw P - V
and T — S diagrams for an air standard Otto cycle. Also derive the thermal efficiency of
this eyele as the function of compression ratio.

7. Derive an expression for the outside overall heat transfer coefficient of a compasite
cylinder consisting of three layvers.

8. Air undergoes three processes in series to form a cycle

Process 1-2: Compression with PV’ ° = constant, P;=100kPa, V,;=0.04 m’ to V2=0.02 m’
Process 2-3: Constant Pressure process to Vy =V,

Process 3-1: Constant Volume

Sketch the process on P - V diagram and determine the Total Work Transfer.

9, A closed, rigid container with a volume 0.2 m* mitizlly contains a mixture of saturated
liquid water and saturated water vapor at a pressure of 100 kPa with a quality of 50%.
Heat is added, the pressure to the system until it reaches 200 kPa. Sketch the process on
P—vand T — v diagram and determine

i) The temperature of each state.

ii) The mass of vapor present at each state

iii) If the heating is continued, determine the pressure at which the container holds only
saturated vapor.

10. Air expands through an adiabatic turbine from 1000 kPa, 1000 K to 100kPa, 400 K. The
nlet velocity is 10 m/sec whereas exit velocity is 100 m/sec. The power output of the
turbine is 3600 KW. Determine the mass flow rate of air and inlet and exil area.
Take R =287 J/kgK and ¢, = 1005 J/kgK.

11. Block A (ma = 0.5 kg. ca = 1kIkgK) and Block B (mg = lkg, cp = 0.5kJkgK) which are
initially at 100°C and 500°C respectively are brought in contact inside an isolated system.
Determine the change in entropy when they reach to a final state of thermal equilibrium.

fol

(6]

[8]

18]
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12. An air standard diesel cycle has compression ratio of 18, ar_1d the heat transfer to ﬁ'ft:
working fluid is 1800 kJ/kg. At the beginning of the compression process, the pressure is
(.1 MPa and temperature is 15°C. Determine 18]

i) The maximum temperature.

i) The cut off ratio.

iii) The thermal efficiency and

iv) The mean effective pressure of the cycle.

[Take y= 1.4, R = 287 J/kgK and C,= 1005 J/kgK]

13. A 140 mm diameter pipe carrying steam is covered by a Ia;_-.-'er of insulation (k = 0.5
WimK) of 30mm thick. Later, an extra layer of another insulation {_k = 1W/mK) having a
thickness 20mm is added. If the surrounding mmperatml‘e remains constant and heat
transfer coefficient for both insulating layers is 10W/m‘K, determine the percentage
change in heat transfer rate due to extra insulation. [6]
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1. What is the difference between gauge pressure and absolute pressure? Define atmospheric

pressure. gauge pressure and absolute pressure and show them on a common pressure

scale. [2+2]

2. Define total energy. Differentiate between stored and transient energies with examples,

Define degree of superheat and quality. Derive an expression for specific volume of a
two-phase mixture in terms of quality.

4. Define steady state flow application. Write down general mass and energy equations for a

[143]

[4]

steady state process and reduce them for an adiabatic nozzle. [1+2.5+2.5]

5. Define a reversible heat transfer reservoir and a reversible work transfer reservoir. Derive
the expressions for the entropy change for a reversible heat transfer process and a
reversible work transfer process.

6. ‘-.kf:tch the components of a Rankine cycle. Explain its working principle with
mrrct;pmndmg, processon P —vand T - s diagrams.

7. Explain the following terms: emissivity, thermal conductivity, black body, gray body,
thermal resistance free convection and forced convection.

B. Stcam is supplied to a tarbine at a -raup“ pressure of 20 bar. Afier ex]wnsinn jn the turbine

mercury. If hammeter reads 750 mm nfmercur} detemune

1) the absolute pressure of the steam at inlet of turbine and
i} the absolute pressure of the steam at inlet of condenser in kPa.

(Take density of mercury, p = 13600 kgfm] and g = 9.81 m/s’).

9. Steam is contained in a closed rigid container. Initially, the pressure and temperature of
the steam are 1500 kPa and 250°C, respectively. The temperature drops as a result of heat
transfer to the surroundings. Determine the pressure at which condensation first oceurs, in
bar, and the fraction of the total mass that has been condensed when the temperature
reaches 100°C. What percentage of the volume is occupied by saturated liquid at the final
state? Sketch P — v and T - v diagrams.

10. A gas is held in a cylinder behind a piston undergoes a cycle composed of three process:

Process 1- 2: an adiabatic compression process. For this process W1 -2 = . 58 kJ,
Process 2 - 3: an expansion during which heat is added and work is done on the piston.
Q2-3=253kJ, and W 2 - 3=95 k],

Process 3 - 1: a cooling of the gas while the piston is stationary to bring the gas to its
initial state.

Sketch the eyele on P —v diagram.

Determine the net heat transfer and heat transfer of process 3 - 1. Determine its network
and confirm whether it is a power cycle or a refrigeration cycle.

[l
16]

[6]

16]

[8]

[8]



1.

A cold storage is to be maintained at -5°C while the surroundings are at 35°C. The heat
leakage from the surroundings into the cold storage is estimated to be 29 k'W. The actual
COP of the refrigeration plant is one third of an ideal plant warking between the same
temperatures. Caleulate

[) The power required to drive the ideal plant

if) The power required to drive the actual plant.

- Alr enters the compressor of an ideal air-standard Brayton cycle at 100 kPa, 290 K, with a

volumetric flow rate of 4 m’® /s. The compressor pressure ratio is 100 The maximum
temperature during eycle is 1500 K. Determine:

a} The thermal efficiency of the cycle.

b} The back work ratio.

¢) The net power developed, in kW.

d) The efficiency of Carnot eycle working between same temperature limit.
Take p =287 Jkg K and cp = 1005 Fke K.

A reactor's wall 320 mm thick is made up of an inner layer of fire brick (k = 0.84 WimK}
covered with a layer of insulation (k = 0.16 W/ mK). The reactor operates at a temperature
of 1325°C at the atmospheric temperature of 25°C. Caleulate

i) The thickness of brick and insulation.

ii} Heat loss per unit arca presuming that the insulating material has a maximum
temperature of 1200°C.

sk

[8]

[8]
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. Define thermodynamic process. Sketch P-V, T-V and P-T diagrams for an ideal gas

undergoing expansion in the piston-cylinder arrangement without any stops, until the final
volume is doubled of the initial volume.

Define work transfer. Derive the expression for heat and work for adiabatic process.
What is an equation of state? Derive an expression for equation of state of an ideal gas.

Write down the statement of first law of thermodynamics for an isolated system. Derive
the expressions for mass flow rates at the inlet and outlet of a control volume.

5. Define isentropic process. Derive isentropic relations for an ideal gas.

6. Sketch an air standard diesel cycle on P~V and T - 5 diagrams and derive zn expression

for its efficiency in terms of compression ratio and cut-off ratio.

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

A large chamber is separated into two compariments which are maintained at different
pressures, as shown in fipure below, The local barometer reads 740 mm of Hg and
pressure gauge B reads 30 kPa vacuum pressures. The U-tube manometer connected to
compartment 1 contains mercury and its reading is 40 em of Hg. Determine the ahmlutt
pressure in ea;:h compartment and reading of pressure gauge C, [Take py, = 13600 kgfm
g=9.81 m/s j

A piston cylinder device shown in figure bt:!ﬂw contains 2 kg of water with an initial
temperature and volume of 80°C and 0.05m”. 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 diagram and determine the total work transfer.

I
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1.

12.

13.

An ideal gas undergoes a thermodynamic cycle consisting of the following three
processing in series.

Process 1-2: constant volume, V, = 0.1 m*, P, = 100 kPa, Us- Ty =150 kJ
Process 2-3: expansion with PV = constant

Process 3-1: constant pressure, Wi, = -60kJ

a) Sketch the process on P-V and T-V diagram.

b} Calculate network for the cycle.

¢} Calculate net heat for the eyele.

d) Caleulate the heat transfer for the process 1-2,

e) Calculate heat transfer for the process 2-3.

f) Calculate the heat transfer for the process 3-1.

g) Isthis power cycle or a refrigerator cycle?

It is desired to maintain an auditorium hall at 25°C throughout the year. For this it is
planned to use a reversible air conditioning unit which can be used as a refrigerator in
summer and a heat pump in winter, The outside temperature in summer is 45°C and
winter it falls down to 3°C. The heat loss through walls, roof, windows and doors is
estimated as 50 kW. Determine minimum theoretical power required to operate the air
conditioning until in summer and in winter.

An ideal Brayton cycle has a pressure ratio of 8. The air temperatures at the COIMPressor
and turbine inlets are 300 K and 1300 K respectively. Determine:

a) The air temperatures at the exits of the compressor and turbine,
b} The back work ratio, and
¢) The thermal efficiency of the cycle.

[Take y= 1.4 and ep = 1005 kJ/kgK]

The hot combustion gas of a furace is separated from the ambient air by a brick wall of
(0.2 m thick with thermal a conductivity of 1.5 WimK and surface emissivity of 0.85.
Under steady states conditions, an inner surface temperature of brick wall is measured to
be B50°C. The ambient air temperature is 20°C and the convention heat transfer
coefficient between the surface and air is 20 W/m®K. What is the brick outside surface
temperature? [o = 5.67>10° W/m’K"]

L3

[8]

[8]
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How will you find out whether a given variable is a thermodynamic property? How arc
those properties classified? Give examples.

Define transient energy with its calient features, Differentiate between molecular potential
enetgy and macroscopic potential energy of a system.

Show how saturation curve is formed on P-v diagram by sketching constant temperature
process lines. Sketch saturation curve and show all important points, lines and regions.

Qiate first law of thermodynamics for a power eycle and a refrigeration cyele. Write down
general mass and energy conservalion equations for a control volume and reduce them for
o steady state process.

Define entropy. State and explain second law of thermodynamics for an isolated systen.:

Derive an expression for compression ratio for an internal combustion engine in terms of
cylinder dimensions. Also explain how the thermal efficiency of an air standard otto cycle
can be increased with respect to the cylinder dimensions.

Derive expressions for overall heat transfer coefficients for a composite eylinder
consisting of two layers and sithjected to convection medium on outside of the camposite
cylinder only.

A large chamber is separated into two compartments which are mainfained at different
pressure, s shown in figure below, Pressure gauge A reads 200kPa and pressure gauge B
reads 120 kPa. If the barometric pressure :c 100 kPa, detenmine the absolute pressure
existing in the compartments and reading of gauge C.

[4]
[4]

[4]

[2+4]
[1+5]

[5]

[6]
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Water (1 kg) at 0.2 MPa is initially enclosed within a volume of 0.1 m® and the piston rest
on stops as shown in figure below. The piston will move when the pressure is 1 MPa. A
total heat transfer of 2500 kJ is added to the watar. Determine the total work done and

draw the P-V and T-V diagram.

Air at 100 kPa and 130°C enters an adiabatic diffuser at a rate of 1.5 kg/s and leaves at 2
pressure of 150 kPa. The velocity of the air is decreased from 250 m/s to 50 mfs as it
passes through the diffuser. Determine the exit temperature of the air and exit area of the
diffuser.

A cold storage is to be maintained at -5°C while the surroundings are at 40°C. The heat
leakage from the surroundings into the cold storage is estimated to be 1.35 kW per degree
temperature difference. The actual COP of the refrigeration plant is 75% of an ideal plant
working between the same temperatures. Find the power required to drive the plant.

A steam power plant works on Rankine cycle that operates between boiler pressure of
1.6 MPa and condenser pressure of 600 kPa. Steam leaves the boiler as saturated vapot.
The mass flow rate of the steam is 40 kg/s. Determine:

a) the pump work and turbine work of the cycle, in kKW,

b) the heat transferred to boiler

¢) the efficiency of the cycle

d) the efficiency of Carnot cycle working between same temperature limit

A hot roem wall has made of 40 cm of brick on the outside, 12 cm of plastic foam and

finaily 2 cm of the fire cley on the inside. The inside and outside temperatures are 390°C
and 220°C respectively. If inside and outside heat transfer coefficients are 56 W/m’K and
6 WK and thermal conductivities of brick, foam and fire clay are 0.98 W/mkK, 0.02
Wimk and 0.09 W/mK respectively. Determine:

a} rate of heat loss from the hot room if the total wall area is 100 m” and

b) the temperature at the interface
FEES

[8]

[5]

[£]

18]

[6]
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Necessary tables are attached herewith.

Assume suitable data if necessary.

. Define a thermodynamic property and thermodynamic state. List two important features

of a thermodynamic property.

Define work transfer and heat transfer with examples. Also derive a mathematical
expression of displacement work for an ideal gas undergoing an adiabatic process.

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

Define unsteady state work applications. Derive general mass and energy conservation
equations for an open system undergoing a process in which a fluid is being supplied into
a piston cylinder device through a valve.

Define refrigerator and its COP. Explain how first law and second law of
thermodynamics can be applied to analyze the performance of the refrigerator.

Derive an expression of thermal efficiency of an ideal Rankine cycle. Skeich P-V and T-S
diagrams of the cvele.

Define thermal resistance. Write the expression of thermal resistance for plane wall,
hollow cylinder and convective layer. Differentiate between free and forced convection
with examples.

A piston cylinder arrangement as shown in figure below contains gas initially at
Py=Paun=100kPa and Ty= 20°C. The eross sectional area of the piston is 0.01 m? and has a
mass of 50kg and is initially resting on the bottom stops. Heat is added to the system until
it touches the upper stops.

a) Sketch the process on P-V and T-V diagrams.
b) Determine the total work transfer.

4]

[4]
[4]

[6]
[6]

[6]

[6]

[€]



9.

A rigid container with a volume of 0.2 m’ is initiaily filled with steam at 200kPa, 200°C,
It is cooled to 100°C.

a) At what temperature and pressure does a phase change start to occur?

b) What is the final pressure?

¢) - What mass fraction of the water is liquid in the final state?

d) Sketch the process on P-V and T-V diagrams.

[Refer attached table for the propertics of steam]

10. Air enters the turbine at 1MPa and 327°C with a velocity of 100my/s and exits at 100 kPa

12.

13.

and 27°C with low velocity, Heat loss from the turbine surface is 1200k ¥/min and power
output of the turbine is 240kW. For an inlet area of turbine 800cm’, determing the
velocity and volumetric flow rate of air at turbine exit. [ Take R = 287 J/kgK and
Cp=1005 JkeXK]

, Air enters a gas turbine at 1MPa and 15001 and exists at 100kPa. If its isentropic

efficiency is 80%, determine the turbine exit temperature. ( Take r= 1.4 and Cp = 1005
IkgK)

An ideal Otte eycle has a compression ratio of 8. At the beginning of the compression
process, air is at pressure 95kPa and temperature 27°C, and 750 kikg of heal is
transfarred to air during the heat addition process. Determine:

{1} pressure and temperature at the end of the heat addition process,
{ii) the net work output per kg of air and
(iii}the thermal efficiency of the eycle. [Take R=2871/keK and Cv = 718 JikgK]

The walls of furnzce 4m=3m are constructed from a inner fire brick (k=04 W/mK} wall
30cm thick, a layer of ceramic blanket insulation (k = 0.2 W/mK) 10cm thick and steel
protective layer (k = 50 W/mkK) 4 mm thick. The inside temperature of the fire brick layer
was measured as 500°C and the temperature of the outside of the insulation as 50°C.
Determine: '

a) The rate of heat loss through the wall.

b) The temperature at the interface between fire brick layer and insulation layer, and

¢) The temperature at the outside surface of the steel layer,

E¥E

[8]

[8]

(8]

[8]

fe]
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. Explain how you would find out whether a given variable is a thermodynamic property or
nat. Also differentiate between state function and path funetion with examples.

2. Define Polytropic process and polytropic index. Find the value of polytropic index for

[4]

isochoric reduction. [2+2]

3. Define the following terms:

a) Saturation pressure . N CE

b) Superheated vapor JE RARY

¢} Critical point
d} Degree of super heat

4. Explain first law of thermodynamics for a control mass undergoing cyclic process. Write
down statements of first law for power cycie and refrigeration cycle.

3. Explain second law of thermodynamics for a contral mass with necessary derivations.

6. Explain the working principle of Vapour compression Refrigeration eycle with
corresponding processes on P-h and T-S diagram,

7. Derive an expression for radial steady state heat transfer through a composite cylinder
with two different materials with a convective layer on the inside only.

8. At the inlet and exhaust of a turbine the absolute steam pressure are 5000kPa and 5.0 em
of Hg, respectively. Barometric pressure is 76cm of Hg. Calculate the gauge pressure for
the entering steam and the vacuum gauge pressure for the exhaust steam. [Take
Pig=13600kg/m’ and g = 9.81m/s%]

9. A piston cylinder device shown in figure below contains 2kg of water with an initial
temperature and volume of 80°C and 0.05m’, It requires a pressure of 400kPa to lift the
piston from the stops. The system is heated until its temperature reaches 250°C, Sketch
the process on P-V diagram and determine the total work transfer,

[41]

[6]
[6]

o]

16}



10- Air at 90kPa, 27°C and 220m/s enters 2 diffuser at a rate of 4 kg/s and leaves at 42°C.

The exit area of the diffuser is 450¢m?®. The air is estimated i lose heat at a rate of 25kJ/s
during this process. Determine:

8} the inlet area of the diffuser
b) the exit velocity and
c) the exit pressure of the air. [8]

11. An air conditioning unit having a COP 65% of the theoretical maximum maintains
house at a temperature of 17°C by cooling it against the swrounding temperature, The
house gains Energy al a rate of 0.6k'W per degree temperature difference. For a maximum
work input of 1.8kW. determine the maximum surrounding temperature for which jt
provides sufficient cooling. [8]

a} the percentage of stroke at which cut-ofT takes place
b} the temperature at the end of expansion stroke, and
¢} thermal efficiency. [4]

13. A 100mm diameter Pipe carrying steam is covered by a layer of insulation
(k=0.06W/mK) having a thickness of 50mm. The heat transfer coelficient between the
outer surface of insulation and the ambient air is 20W/m’K. Determine the required
thickness of another insulating layer (k=0.1 WimK) that must be added to reduce the heat
transfer by 409, assuming that the heat tranyfar coefficient remains the same. (6]

R
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State and explain equality of temperature.

Derive a general expression for the displacement work transfer for a piston cylinder
device. Also reduce it for an ideal gas undergoing isothermal process.

Define quality and write why it is necessary. Derive an expression for specific volume of
a two phase mixture in terms of quality.

Write the general mass and energy equation for a conirol volume operating under
unsteady state condition. Derive the mass conservation and energy conservation eguation
for a process in which gas is supplied to piston cylinder device through a valve and it can
produce some work by displacing the piston.

5. Define an isentropic process. Also derive isentropic relations for an ideal gas.

Sketch an ideal Otto cycle on P-V and T-8 diagrams. Also derive an expression for its
efficiency in terms of compression ratio.

Derive an expression for steady state heat transfer through a composite cylinder
consisting of three lavers.

Three pressure gauges are connected to a coniainer consisting of two compartments as
shown in figure below.-If the local barometer reads 760mm of Hg and pressure gauges A
and B read 250kPa and 150kPa respectively, determine the absolute pressure in each
compartment and reading of pressure gauge C. [Take p=13600 kg/nr’ and g=9.81m/s"].

A

o1 ©

8 (- ()¢

A closed rigid container of volume 0.5m” is placed on a plate. Initially the container holds
two phase mixiure of saturated Iiquid water and saturated water vapor at initial pressure
P =100 kPa with a quality of 50%. After heating, the pressure in the container is P2=150
kPa. Draw the P-V and T-V diagrams of the heating process and determine:

a) the temperature at each state.

b} the mass of the vapor present at cach state.

{Refer the attached table for properties of water]

[4]
[4]

[4]

[6]
[6]

[6]

[6]

[6]
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An adiabatic diffuser has air entering at 100kPa, 300K with & velocity of 200my/s. The
inlet cross sectional area of the diffuser is 100mm°. At the exit, the area is 860 mm- and
velocity is 20m/s. Determine the exit temperature and pressure of the air. [Take ¢,=1005

JikgK, R=287 JikgK] 18]
11.2 kg of water at 100°C is mixed with 4kg of water at 20°C in an isolated system.
Calculate the neat change in entropy due to the mixing process. [Take specific heat of
water, c=4.18 kI/K] [8]
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. [Take ¢;=1005 JkgK, R=287 WkgK, v=1.4] [8]
13. An exterior wall of a house consists of 10cm of common brick (K=0.8W/mK) followed
by a dem layer of gypsum plaster K=0.5 W/mK). What thickness of rock wool insulation
(k=0.065 W/mK) should be added to reduce the heat transfer though the wall by 50%? (6]
E 2
Properties of Saturated Watcer-Pressure Table
P T # Vi Vo u by I fiy fie, h, 5 5 LA
kP L ke ' mikg | kikg | Eiwp | RBdg | kMg | MG | kg | EMRe X | kike.E | AIRe K
100 | 99632 | 0001043 | 16935 | 1.6943 | 41741 | 2088.3 | 2503.7 | 417.51 | 22576 | 2675.1 | 13027 | 60561 | 73589
101327|100.00 | 0.001043 | 16727 | 1.6737 | 418.96 | 2087.1 | 2506.1 | 419.06 | 22566 | 2675.7 | 13068 | 60476 | 73848
s L . — Ll —
125 110599 | 0000048 | 13742 | 13752 | 44425 | 20680 | 25137 | 4da 38 | 22407 | 2685.F | 13741 | S9100 | 7.2840
150 111138 0.001083 | 11584 | 1.J595 | 467.02 | 20504 | 2519.4 | 467.18 | 2226 | 25934 | 14338 | 57804 | 7.22%2
175 | 116.07 | 0.001057 | 1.0027 | 1.0G38 | 486.89 | Z037.8 | 2524.7 | AB7.08 | 23133 | 27004 | L4851 | 54866 | 7.0717
200

12024 | 0001060 | 08848 | 08659 | 50459 | 20248 | 2529.4 | 504.80 | 22017 | 27063 | 15304 | 55968

T
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 Differentiate between the microscopic and macroscopic view point in thermodynamic

with examples.

Differentiate between the stored energy and transient energy with examples.

3. Define pure substance, Explain how saturation curve is formed on T-v diagram.

Write down general energy equation for a heat exchanger, condenser, COMpressor,
evaporator and throttling valve.

5. Derive an expression for control mass formulation of second law of thermodynamics.

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

Differentiate between steady state and unsteady state beat transfer. Derive an expression
for steady state heat transfer through a composite cylinder consisting of two different
materials.

A piston cylinder arrangement with two set of stops is restrained by a linear spring
(k=12 kN/m) as shown in figure below. The initial pressure of the gas is 500 kPa and the
pressure Tequired to lift the piston is 1000 kPa. Cross sectional area of the piston is
0.05 m?. Heat is supplied to the gas until its pressuwre reaches 6000 kPa, Sketch the
process on P-V diagram and determine the total work transfer.

A closed rigid container with a volume of 0.2 m’, initially contains a mixture of saturated

liguid water and saturated water vapour at a pressure of 100 kPa with a quality of 40%.

Heat is added to the system uitil its pressure reaches 200 kPa. sketch the process on Py

and T-v diagram and determine,

a) The temperature at each state.

b) The mass of vapour present at each state.

¢) If the heating is continued, determine the pressure at which the container holds only
saturated vapour.

[4]
(6]

[6]
[7]

[6]

(6]

8]

[71



0.

il

12.

13.

Steam enters a nozzle operating at steady state with Py = 10 bar, T, = 400°C and velocity
of 10 m/s. The steam flows through the horizontal adiabatic nozzle. At the exit, Pa= 1.5
bar and the velocity of 1075 m/s, The mass flow rate is 2 kgfs. Determine the exit area of
the nozzle.

4kg of water at 25°C is mixed with 1 kg of ice at 0°C in an isolated system. Calculate the
change entropy due to mixing process. [Take latent heat of ice L = 336 kj/kg, specific
heat of water C = 4.18 kj/kg k].

An ideal Brayton cycle has a pressure ratio of 12. The pressure and temperature at the
compressor inlet are 100 kPa and 27°C respectively. The maximum temperature during
the cycle 1200°C. If the mass flow rate is 8 kgfs, determine the power output and
efficiency of the cycle, [Take Cp = 1.005 kjkgk, y= 1.4] '

A square plate heater (10 cm x 10 ¢m) is inserted between two slabs having the same
cross sectional areas. The left slab is 100 mm thick (k = 50 W/mK) and the right slab is
50 mm thick (k = 0.25 W/mK). The heat transfer coefficients for deft and right slab outer
surface are 250 W/m2K and 50 W/m2K respectively. The ambient air temperature is
25°C. If the rating of the heater is 1 kW, determine,

a) Temperature at the heater surface

b) Outer surface temperature of each slab

i

[6]

[7]

[7)
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. State and explain zeroth law of thermodynamics, Write down its application.
. Derive an expression for displacement of work transfer.

Define the term saturation curve for two phase mixture, Quality and moisture content,
Derive general energy conservation equation for control volume,
Define reversible and irreversible process with reference to entropy.

Sketch otto cycle on P-v and T-s diagram. Derive expression for its efficiency to relate to
compression ratio.

Explain mode of heat transfer with their types and specific differences with them.

During operation of a lif, it can be subjected to a maximum gauge pressure of 500 kPa. If
it is designed to lift a mass upto 900 kg, what should be diameter of piston-cylinder?

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

a) the mass of H;0

b} the final temperature and volume, and

¢) the total work transfer

10. Air expands through an adiabatic turbine from 1100 kPa, 1000 K to 100 kPa, 100 K. The

11

inlet velocity is 10 m/s and exit velocity is 100 mfs. The power output of turbine is
3600 kW, Determine mass flow rate of air and inlet and exit areas. ake r = 287 I/KgK
C, = 1005 J/KgK) It e

. Steam enters into a turbine at 2 MPa, 400°C with a velocity 200 m/sec and saturated

vapour exits from turbine at 100 kPa with velocity §0 my/s, The power output of turbine is
800 kW, when mass flow rate is 1.5 kg/sec. Turbine rejects heat 10 surrounding at 300K
Determine rate at which entropy is generated within the turbine. .
(hy = 3247.5 kl/kg, 5, = 7.1269 kl/kg)

12, An air standard diesel cycle has a compression ratio of 22 and expansion ratia of 11

13. A hollow cylinder with inner and outer diameter of 8 em and

Determine its cut off ratio and the efficiency,

: : ; 12 cm respecti has ar
inner surface temperature of 200°C and the outer syrface temperature pr‘ ;Eg ;}st?;

thermal conductivity of the cylinder material is 60 WimK, determine heat transfer from

the unit length of the Pipe. Also determine the temperagy i radi
; ; re at t ;
Fictance of 5 I Frm the axie afthe culinder he surface at a ial

(8]

[8]

[6]



f

04 [ TRIBHUYAN UNIVERSITY i Exam.

INSTITUTE OF ENGINEERING  [Level  [BE | FullMarks |80 |
Examination Control Division legmmme - BCE, BME, BGE | Pass Marks |32 |
2075 Ashwin | Year /Part | 1/1 _ | Time | 3hrs. |

 Subject: - Fundamentais of Thermndynamlcs and Heat Transfer m.f:cmz;

Candidates are required to give their answers in their own words as far as practicable,
Atrempt ANl questions.

The figures in the margin indicate Full Marks.

Necessary mb{es are attached herewith.

Assume suitable data if necessary.

. Define thermodynamic property. Explain intensive and extensive property with examples.

Define polytropic process. Sketch polytropic processes with n = 0, 1, ¥ and s on a
common P-V diagram. Derive and enprossion for work transfer for a polyiropic process.

Detive an cx;?m:ssiuu for the specific volume of a two phase mixture in term of quality.
Which takes tnore energy to vaporize 1 kg of saturated liquid water at 100°C or 120°C?
Why?

Define a cyclic process. Derive first-law of thermodynamics for a control mass

undergoing a cyelic process. Also write down the statements for a power cycle and
refrigeration cycle.

Define heat engine, heat pump and refrigerator. Explain how first and second law are
applied to determine performance of heat engine,

Explain the working principle of a Brayton cycle. Sketch the cycle on p-v and T-s
diagrams and explain the variation of its efficiency with pressure ratio.

Derive the overall heat transfer coefficient for composite for plane wall consisting of two
layers with convection on both sides.

A piston-cylinder device contains 0.05 m® of a gas initially at 200 kPa. At this state, a
linear spring that has a spring constant of 150 kIN/m is touching the piston but exerting no
force on it. Mow heat is transferred to the gas, causing the piston to rise and to compress
the spring unti] the volume inside the cylinder doubles. If the cross-sectional area of the
pistonis 0.23 m’, determine:

7i); The final pressure inside the cylinder i '
= n}r The total work done by the gas

A pmmn cy]mﬂm‘ device shown in figure b¢luw contain 2 kg of H2O 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. Sketeh the process on P-v and T-v diagrams and determine the toptal work transfer.

[4]

[4]

(4]

[6]
6]

(6]

[6]

(8]



10.

11.

12,

13.

Air flows at a rate of 1,2 ke/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 power
required to drive the compressor and diameters to inlet and exhaust pipes.

[Take R = 287 J/kgK and c, = 1003 J/kgk]

Five kg of water at 30°C is mixed with 1 Kg of ice at 0°C. Assuming the process of

‘mixing is adiabatic, find the change in entropy, Latent heat of ice = 336kl/kg, G, for

water = 4. 2kI/kgk.

In a Rankine cycle stream leaves the boiler and enters the turbine at 4Mpa, 400°C. The
condenser pressure is 10 kPa, Determine the eyele efficiency.

A steel pipe having an outer diagram of 4 cm is maintained at a temperatare of 80°C in a
room where the ambient temperature is 25°C. The emissivity of the surface is 0.8 and the
convection heat transfer coefficient between the surface and air is 10 W/m’K. Determine
the total heat loss from the unit length of the pipe. [Take & = 5.67%10" w/m’k’]

ik

[8]

[8]

[8]

6]
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Define thermodynamic equilibrium. Explain reversible and irreversible processes with
reference nature of intermediate states,

Define internal energy, potential energy, kinefic energy and total energy of a
thermodynamic systern. Also differentiate between microscopic potential energy and
macroscopic potential energy.

Define saturation pressure, saturation temperature and critical pomt. Write down the
effect of pressure on

a) Specific volume of a saturated fiquid (V]
b} Specific volume of a saturated vapor (¥, )
¢) Change in specific volume due to evaporation (Vig)

State and explain conservation of energy for a control volume,

Differentiate between thennal ind mechanical iureversibilities, Explain why most of the
real processes are irreversible, Also explain how they can be assumed (o be reversible.

Explain with the help of neat diagrams the various proccsses of any Rankine cyele and
detive an expression for its efficiency.

Derive an expression with appropriate diagram for conduction heat transfer through a
cemposie cylinder tube consisting of three layers of diferent materials,

A piston cylinder has a diameter of 0.1 m. With an outside atmospheric pressure of 100
kPa, determine the piston mass that will create an inside pressure of 500 kPa, What would
be the new pressure if' the piston mass is halves. [Take'g = 9.81 m/s?]

Steam is contained in a closed rigid container. Initially, the pressure and temperature of
the steam are 1500 kPa and 250°C, respectively. The temperature drops as a result of heat
transfer to the surroundings. Delermine the pressure at which condensation first oceurs
and 1he fraction of the total mass that gas been condensed when the lemperature reaches
1007, What percemage of the volume js oecupied by saturated liguid at the final state?

A pston evlinder devices shown in figure below contains water ititially at 105°C with

guality 10%. Heat is added (o the system until it becomes saturated vapar, Ti 1akes
pressure of 1000 kPa 1o lift the piston from the stops. Sketch the P-v, T-v diagram and
determine:

a) The mass of water in system
b} The total work transfer

[4]

[4]

(6]
(6]

1]

(6]

8]



) Ihe total heat ransfer [Refer the aiiached table for properties of water]

1. 2 kg water at 100°C is mined with 4 kg of water at 20°C in an isolated system. Calculate

the nei change in entropy due to the mixing process. [Take specific heat of waler
¢ =4.18 kK]

I2. An ideal Brayton cyele has pressure ratio of 10. The temperature of air ar compressor and
turbine inlets are 300K and 1200K respectively. Determine its thermal efficiency and
mass fow rate of air required to produce net power output of SOMW. [Take
Cp = 1005 VKgK, y= 1.4]

13. A 200 mm diameter 50 m long pipe carrying steam is covered with 40 mm thick of high
temperature insulation (k = 0.1 Wim) and 30 mm thick of low temperature insulation
(k = 0.05 Wim}. The inner and outer surfaces of the insulating layer are a1 400°C and
40°C respectively. Determine:

a} The rale of heat loss from (he pipe,
b} The temperature at the interface of two insulating Javer.

TR

[8]

[8]

[6]
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Necessary fables are gtiached herewith.

Assume swiiabie data i necessary.

State and explain Zeroth law of thermodynamics, Also write down its application,
Compare heat and work with suitable examples. Prove that work is a path function.

3. Define pure substance. Explain why quality is necessary to deline the state of a two phase

Ly

mixture,

Differentiate between steady siate work applications and steady state How applications.
Write down the function of turbine and nozzel. Denive governing equations for them
when they operate under steady state condition.

State second law of thermodynamics for an isolated system and define entropy
generation. Differentiate between reversible and irreversible processes with reference to
enfropy.

Explain the working of simple vapor compression refrigeration cycle with cerresponding
process m P-h and T-s diagram.

Derive on expression for steady state hent transfer through a composite cylinder
consisting three different materials,

. Air (0.01 kg) is contained in a piston cylinder device restrained by a linear spring

(k = 500 kN/m) as shown in ligure below. Spring initially touches the piston but cxerts no
force on it. Determine the temperature at which piston leaves the stops when heat is
supplied to the system. [Take R =287)kg. K. Py = 100 kPa and g = 9.81 m/s%)

14

[6]

6]
1]

[6]

6]



9. A piston cylinder device shown in figire below contains water initially at a pressure of
125 kPa with a quality of 50%. Heat 15 added fo the svstern until it reaches to a 1inal
temperature of 800°C. It takes a pressure of 600 kPa to lift the piston from the stops.
Sleeteh the process on P-V and T-Y diagrams and determine:

iV The mass of Ha() in the system and
it} The total work trapsfer

10. A piston cylinder device shown in figure below contains 3.06 kg of air intially at a
temperature of 34°C. Heat is supplied to the system until it reached 10 a {inal temperature
of 950°C and a final pressure of 3 MPa. Sketch the process on P-V and T-V diagrams and
determine the total work transfer and total heat transfer. [Take R = 287JAgK and
e, = T181kek]

1. A pisten evlinder device shown in fgure below conlams 1.5 ke of waler imitially at
10 kpa with 10% of quality. The mass of the piston is such that a pressure of 400 kpa is
required to Lift the piston. Heat is added to the system from a source at 500°C until iis
temperature reaches 400°C. Sketch the process on p-V and T-V diagrams and determine
the total entropy generation during the process.

(8]

(8]

[#]



12. The compression ratio of an air standard Otto cvele is 3. Al the beginning of the

compression process, the prossure and temperature of air are 100 kPa amd 20°C
respectively. The heat added per kg of air during the cyvele is 2000 kIikg. Determine:

1) The pressure and temperature at the end of each process of he eycle
ii) The thermal efficiency
111} The mean effective pressure

[Take R = 287 Vkgk and ¢, = 718 Jkg K]

. A gas turbine blade is modeled as a flat plate. The thermal conduetivity of the blade

materials 1s 15W/mK and its thickness is 1.5mm. The upper surface of the blade is
exposed to het gases ot 1000°C and the lower surface is cooled by air bled of the
compressor, The heat transfer coefficients at the upper and lower surfaces of the blade are
2500W/m°K and 1500 W/m'K respectively., Under steady state conditions, the
temperature, at the upper surface of the blade is measured as 830°C, determine the
temperature of the coolant air.

EEE

[8]
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¥ dsyume suitable data if necessary.

1. Define macroscopic and microscopic viewpoint as applied to the study of
thermodynamics. Also list their features. [4]

2. Define stored encrgy and transient encrgy. Also list their fearures. [4]

3. Defire guality. Explain why it is necessary to define the state of two phase mixture. Also
derive an expression for specific volume of a two-phase mixure. [E]]

4. Diflierentiate between steady state and unsteady state contrel volume. Derive mass and
snergy comservation equation for a process in which gas is being supplied to a rigid

cylinder. i6]
3. Write down the similaritics and differcnces between heat pump ard refrigerator. Explain
how first and second laws can be applicd to analyze the performance of a heat pump. [6]

6. Sketch ideal Vapour compression refrigeration cycle and explain the processes on P-h ard
ts diagram. Also write n expression for theoretical COP of the cycle used as heat pump. (6]

7. Differcntiate between free and forced comvection with examples. Write down the
expeessions for thermal resistance for a plane wall, a hollow evlinder and convective layer
of fluid. [6]

8. The device shown in figure below has a free moving piston between the two chambers,
The initial total volumes of A and B are equal with vA = 100 m*/kg and vB = 50 m’/kg. If
the piston is moved so that x is one-fourth of the entire length, determine the final specific
volumes of chambers A and B. [6]

9. A piston cyclinder arrangement shown in figure below contains 1 kg of water initialiy at a
pressure of | MPa and a temperature of 500°C. The water is cooled uniil it is completely
converted into saturated Fquid. It requires a pressure of 400 kPa to support the piston.
Sketch the process on P-v and T-v diagrams and determine the total work transfer. (Refer
the attached tabls for the properties of water) [}




10, Steam at 0.4 MPz and 200°C enters into an adiabatic nozzle with a velocity of 50 m/s and
leaves the nozzle at 0.1 WMPa and with a velocity of 75 m/s. Determine

a} The exit temperature of the sieam,
by The ratio of inlet diameter 10 the exit diameter. (Refer the atfached table for the
properties of steam)

1. Work output of an ideal engine s 4 times the heat rejected by (L Determine its clficicney.
If the sink temperature increases by 300°C, its efficiency reduces Lo 60%. Determine ifs
source and sink temperatures.

12. An air standard Quo cyele has a compression ratio of 10, Af the beginning of the
compression stroke, the pressure and temperature are 100 kP'a and 20°C respectively. The
peak temperature during the eyele is 2000 K. Delermine,

a) The pressure and temperature 2t the end of cach provess of the oycle
b} The therimal efficiency (Take Cv=T18 Jkgk, v=14)

13. A thick walled tube of stainless steel (k = 19 W/m®C) with 2 cm inside diameter and 4 cm
outer diameter is covered with 2 3 em laver of asbestos insulation (k = 0.2 Wim"C}. If the
inside and outside wall temperature of the pipe is maintained at 600°C and 100°C.
Calculate the heat loss per meter of length. Also calculate the tbe-insulation inerface
lempetature.

HaE

[3]

(8]

[6]
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9. A piston cylinder device shown in Figure "9 contains 2 ko of water initially at a pressure of
00 kPa with a quality of 20 %, The water is heated witil it bemrm‘:ﬁ a saturated vapor. The
volume of the system when the piston is at the upper stops is (14 m’”. Sketch the process on P-

Subject. - Fundamental ﬂf Illeuncrd], namics and Heat Transfer (ME402)

Candidates are required Lo give their answers in their own words as far as p:ammahle
Atrempt Al questions.
The fipures in the morgin indicaie Full Marls,

Necessary tables are attacked herewith, 4
Assume suitable data [ necessary f

Define thermodynamic property. Differentiate between state function and path functiom
with examples.

Define total encrgy. Differentizte between stored energy and transient energy with
examples.

Define quality and write why it is necessary. Skeich saturation curve on P-V diagram and
also show constant quality lines.

Differentiate between steady state work application and unsteady state flow applications,
Derive mass conservation and energy conservation equations for a process in which gas
contained in a rigid cylinder is being consumed during conking,

Define Entropy. Derive an expression for change in Entropy for reversible heat transfer
and reversible work transfer process,

Differentiate between gas and vapor eycles. Sketch P-V and T-8 diagrams and layout for
Brayion and Rankine cycle,

Write down expressions for thermal resistance for a plane wall and a convective fluid

layer. Use them to derive overall heat transfer coefficient for a plane subjected convection
on both sides.

An oxygen cylinder having & volume of 10 m’ initiafly comtains 5 kg of oxvgen,
Determine the specific volume of axygen in the cylinder imitially. During certain process
3 kg of oxygen is consumed. Determine the final specific volume of oxygen in the
cylinder, Also sketch the armount of oxygen that has been consumed versus the specific
volume of the remaining in the cylinder.

v and T-v thiagrams and determine;
(a) the final pressure, and

(b} the total work transfer. [Refer rthe arrached 1ables for the properiies of stean]

Eigure P9

[4]

f4]

[4]

ie]
[6]

fo]

[6]

(6]

(8]
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10. Air enters 2 nozrle steadily at 300 kPa, 1279C and with a velocity of 40 m,/s and leaves at
100 kPa and with a velocity of 300 m/s. The heat loss from the nozzle surface is 20 kf fkg
of the air. The inlct area of the nozzle is 100 cm®. Delenuine: 8]
(2) the exit femperature of the air, and
(b} the exit ares of the nozzle. {Take R = 287 | /kgK and ¢p = 1005 J/kgK}

1, A camot engine operates between two seservoirs ai iemperature TL and T The work
output of the engine is 0.6 times the heat rejeeted. The difference i temperaiire between
the sourees and the sink is 200°C. Calculate the thermal efficiency, source temperalure
and the sink temperatare, [5]

12, An ideal pas turbine cycle has a pressure ratio of 10. The minimum and maximum
temperatures are 300 K and 1500 K respectively. TDretermine: %]

iy The net work per kg of air
ii} The thermal efficiency of the eyele and
iii) Compare both of these for a cycle with ideal compressor and turbine.

[Take y= 1.4 and cp = 1005 Jkg k]

13. A sieel pipe having an ouiside diameter of 2 cm i5 t0 be covered with two lavers of
insulation, each having @ thickness of | cm. The average conductivity of one materal is
S fimes that of the other. Assuming that the inner and outer surface Lemperature of the
compasite insulation are fixed, calculate by what percentage the hea1 wansfer will be
reduced when the hetter insulating material is nearer 1o the pipe than it is away from the
pipe. [6]

HEE

F T ¥ iy ¥e B U ug hy by L™ A i By
WPa  'C m’ kg milkg m*h Kikg hdikg kMg | RIkg  Kikg  Wikg | kdkg K kiReK kikg K
A0 e | GOOIDE: 02814 04625 | G347 19AD0 23335 [ 60491 21336 20365 | L77T0 5019 £.8061

19515 46 G601
19631 1.7699 6. 7330
19525 4.7154 W7

0.001 107 13156
paooeice 2913 (h 290
aoitE  02TEV (2718
DO0LI0L 32534 ¢ 02535
nooEs 0.2404

1897,
BH3TL 185 25699
18758 25724
18658 23746
15563 2iTh.G

-




prr

04 PRIBHUTY AN UNIVERSITY [ Fxam.

R

INSTITUTE OF ENGINEERING ~ Level  (BE | Full Marks | 80
Examination Control Division | Programme | BCEBMEBUP | Pass Marks | 32
2072 Kartik | Year/Part_{1/] Time | 3B,

— —— e o A e

8 _Sﬁ;!rj_gp.t:; Fundﬁménta]_s of lhermgjmamipg and Heat Transﬁar (ME#02)

Candidates are required to give their answers in their own words as far as practicable.
Atiempt Al guesiions.

The figures i the margin indicate Full Marks.

Necessary tables ore attached Jerewith.

Assume suitable dara if necessary. E | .

LT N U TR ¥

—

Explain different types of thermodynamic systems with examples.

Differcatizte between heat transfer and work transfer. Derive the mathematical expression
for work wansfer for an ideal gas undergomg, isothermal process.

o]

3. Define quality and moisture conilent. Derive an expression for speeific volume of a two
phase mixture in terms of quality.

4 Differentiste between steady state wotk applications and steady stale flow applications
with examples, Also write the functions and governing equations for an adiabatic turbine
and adiahatic nozzle.

5. Define heat engine and heal pump.l Explain how first law and second Jaw of
thermodynamics can be applied o analyze the performance of 2 heat pump.

6. Skeich un ideal otta cyele on P-v and T-s diagram. Derive the expression for compression
ratio interms of cylinder dimension. -

7. Derive an expression for overall heat transfer coefficient for u:hﬁ!lnw cylinder subsected
ta convection medinm on both sides.

&, Three pressurc ganges are connected to a container consisting of two compariments as
shown in figure below, 1f the local barometer reads 760 mm of Hg and pressure gauges A
and B read 250 kPPa and 150 kPa respectively. Determine the absolute pressure in each
compartment and reading of pressure gauge C. [Take pm, = 13600 kgfmj and
o= 9.8 m's’]

~Figure P11

9. A ripid vessel having a volume of 0.4 m® contains 2.0 kg of liquid water and water vapor
mixture in equilibrium at a pressure of 250 kPa. Calculate:
i) The volume and mass of liguid
ii) The volume and mass of vapour
11} Temperature
iv}) Enthalpy
v) It is heated unt! its pressure reached to 350 kPa, what will be its quality?
[Refer the attached table for properties of water]

141
[41

14

[6]
Il

16]
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10, Air enfers & compressor operating at steady state at 100 kPa, 300 K and lzaves &t 1000

kPa, 400 K. The volumetric flow rate of air at the exit is 1.5 m’/min. The work consumed
by the compressor is 250 kJ per kg of air. Meglecting the effects of potential and kinetic
energy, determine the heat transfer 7ate, in kW. [Take R = 287 JkgK and
C, = 1005 JkgK] ' :

1. A heat pamp heats & house in the winter and then reverses to cool it in the summer, The

room temperature should be 22°C in the winter and 26°C in the summer. Heat transier

threugh the walls and ceilings s estimated 10 be 3000 kl/h per degree temperature

difference between the inside and outside. /

i) Determine the power required to num it in the winter which fihen the outside
temperature decreass to 0°C. F "

i) If the unit is nun by he same power as celenlate in (i) throughout the year, detenmine
the maximum oatside summer temperature for which the house can be maintained at
26°C

12. Air enters the compressor of an ideal Brayton cyele at 100 kPa, 290 K with a volumetric

flow rate of 4 m/s. The pressure ratio for cycle is 10 and the maximm temperatre
during the eycle is 1500 K. Determine: '
i) The therma) efficiency of the cycle

ii} The fraction of work output thal is consumed by the compeessor and

111} The net power outpul

[Take Cp = 1005 kg K, 1= 1.4]

13. A 2 m long steel plate (k = 30 W/mK) is wel] insulated on its sides, while its left section

¢ maintained at 120°C and the tight section is exposed to ambient air at 40°C. Under
steady stafe conditions, a thermocouple inserted at the middle of the platc pives a
temperature of 100°C. Determine the value of convection heat transfer cocfficient for

(8]

18]

[8]

canvection heat transfer between the right section of the plate and air. [8]
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Assume suitable data if necessary.

_ Sketch P-V, T-V and P-T diagrams for an ideal gas undergoing

i) Constant volume cooling process
ii) Constant temperature heat rejection process

Differeniiate between heat transfer and work transfer. Derive the mathematical expression
for work transfer for an isobatic process.

3. Define pure substance. State 1wo property rules and give examples.

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

Define refrigerator and its COP. Explain how first law and second law of
thermodynamics can be applied i analyze the performance of the refrigerator.

Differentiate between power cycle and refrigeration cycle. Sketch P-V and T-S diagram
for ideal otto and ideal diesel cycles. Also write down the expressions for their
efficiencies.

. Write down the expression for thermal resistance for a hollow cylinder and connective

fluid layer. Use them to derive overall heat transfer cocflicient for a hallow cylinder
subjected to convection of both sides.

gﬁ?‘ﬁiﬁpimnwylindcr device shown in Figure .8 contains 0.05 m® of a gas initially at 200

kPa. At ihis state, a linear spring that has a spring constant of 150 kN/m is touching the
piston but exerting no force on it. Now heat is transferred to the gas, causing the piston to
rise and to compress the spring until the volume inside the cylinder triples. If the cross-
sectional area of the piston is 0.25 m’, determine the final pressure inside the cylinder.

[4]

[4]
[4]

(6]

[2+4]
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_;:Pﬂ_;jfﬁ rigid container with & volume of 0. 170 m° is {nitally filled with steam at 200 ki, 300°C.

11.

13.

[t is cooled to 90°C.

(a) At what temperature does a phase change start lo occur?

(b) What is the final pressure?

(¢} What mass Fraction of the water 1 liquid in the final state? [Refer the arrached tables for
the properties of steam]

[ -

ir
Niwogen (5 kg) 1s contained in a piston cylinder device shown in Figure {P.HI' imtially at &
pressure of 800 kPa and a temperature of 1279C. There is a heal fransfer to the system vntil
the temperature reaches to 527°C . 1 takes a pressure of 1500 kPa to lift the pision, Skeich
the process on P — V and T — I/ diagrams and determine the total work and heat transfer in
the process, [Take R = 297 J/kgK and gy = 743 [/ kgK] (81

FﬁmPlﬂ

A heat pump having a COP of 3 maintains a building at a temperature of 24°C by
supplying heat at a rate of 72000 K J/h when the surrounding is at 0°C. The heat pump
runs 12 hrs in a day and the electricity costs Rs 10/Kwh. 18]

a) Determine the actual and mimmur theoretical cost per day.
b) Compare the actual operating cost with the cost of direct electric resistance heating.

_The pressure and lemperature at the end of suction stroke are 100 kPa and 27°C

respectively. Maximum temperature during the cycle is 1600°C and the compression ratio
is 16. Determine: (8]

i) The percentage of stroke ot which cut-off takes place
ii) The temperature at the cnd of the expansion stroke and
iif) The thermal efficiency [Takey= 1.4 and R = 287 ke K]

The heat flux at the surface of an electrical heater is 3500 W/m". The heater sucface
temperature is 120°C when 1 15 cooled by air at 50°C. What is {he average convective
heat transfer cocfficient? What will be the heater temperature be if the power is reduced
so that heat flux is 2500 W/m®? [6]

EE S
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v Assume sufwzhle data if necessary. ) gt
1. Differentiate between the microscopic and macroscopic view point in :.ﬁmcn:s;rnummﬁ
- with example. . 4]
2, Define energy and power. thfmennate: between stored end transient enerzy with -
examples. , ; 4]
3. Define moisture content and critical point. Derive an expressien for 5pa:rﬁ=: volume of 2 ;
Two phase (liquid and vapor) mixture in terms of quality. -14]
4, Differentiate betwesn steady state work application and ﬂt&d} state flow app-hcatlcm
Writs down mass and energy conservation cquation of steady statz process. Reduce them
 for a nozzle and 2 EGBdE:I]EET _ - [8]
.5_._{_._:'._1:;3{1’1’.5'[!: entropy. Derive the relations for enttopy for an ideal gas and an incompressitle
i snpstanee. i : (4]
" 6. Sikewh Renkine cyc:e on P-v and T-s diagram using dry saturated stream and obtain an .
. expressios for the Rankine cycle efficiency, [4]
7. Define thermal resistance. Derive an expression for heat transfer through compasite plans :
wall of iree differ=at layers of Gifferent materiels using eleetric analognes approach. 6]
8. A piston eylinder arrangement shown in figure balow has cross sectional aree of 0.01m?2
and -z piston eaass of 80 kg I the ac uuwph.nc pressare 1S 1 bar, what shon '” b:: the gasg
presgure o 11 the piston? IF 50 kg mass is added sbove she piston, whal would be the
nEW pressurs” (6]
Gas ]
¢. A piston eylindar daviee with & 31::11' Sg}ring wdtiaily comrains water at & pressuce of 4
MPaand 300°C with the inius! volume being 0.1 m3, &5 shown i'1 figure balow, The
. Bystem now coals L w*ii the precsure reaches 1000 kPa. If the PLEH.L 15 &l the botiom, the
. Bystem prassurs s 308 KPa. Ske ok the process on P-v diagram end dEIEI"‘n"‘P the mass-af
E;3D, the final t*.:"-. cerature and volums and the fota] work tiansfer, [Beler the anached
table foz cronatties of steam) 18]



19.

=k

.4 perfect gos flows throueh & nozzzl whe:e *t sypands in & reversible adiabetic maaner.
.‘E_.ﬁﬂ u].'lEt C"I‘LALI:LC! qre : -b&: {'EH.}:C "n‘:j :5["';,-'.“ AL _!";_ a\l‘_ ﬂl" PEEE'IE\.- :: ‘Da..

2

I Setenmine the exit velocity asd exit arsa if the flow rate is & kg/s. T&L R=L9 4;:~.g .6:..

ewwd Y= 135

_A house isto be msi:atainﬁd & 23°C in summer as well as winter. For this purpose, it s
Tomposed W use a reversible devies as a refrigerattr in summer and a heat pump in winter.
"3 he ombient lemperature is 40% in mmer and 3%¢ in winter. The enersy losses es heat
rom the roofl and the walls arm ssumated 25 5 kw per degree Celsius temperaturs between
1—he room end the ambient condinons. Caleulate the power required o operate the device
i msummearand winter. ' )

At the beminning of 2 commwsssion stoke of an air standard Diesel cyele ﬁa?ing a

' —ampression 1atio of 16 the temperature s 300 K and the pressure is 1000 kpa, 1 the cut

—affraiio for the cycle is 2 Determine: %
=a)} The pressure and :em;erm atibe end of each process of the cycle.
) The thermal efficiency and y

«=) The mean effective pf;.ssme
I Tale R =287 Lkgkend T = 1.4]

. & 235 turbine blade 15 modekd as a flat plate. the thermal conductivity of the blads

wepaterial 13 [5VW/mk and its thickmess is 1.5 mm. Ths upper surface of the blade is
seyivsed 10 het passy at 1000°C and the lowsr surface is cocled by air bled of the

weompressor. The heat transier c:nﬂfﬁmnms at upper and lower surfaces of the blade are
=500 W/m K and 1500 WK mespectively, Linder steady state condifions, tae

. =k=mperature at upper surface of the blade it messured as &50°C, determine the

—tmperatuce of the coolant air.
© R
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Candidates are required to give their answers in their own words as far as practicable.
Attempr All questions.

The figures in the margin mdicate Full Marks. f
Necesgary tables are aftached herewilh., ;

Asrume suitable data i mecessary,

State and explain zeroth law of thermodynamics. Write down its application. [4]
Differentiate between stored energy and transient energy with examples, 4]

Define saturation pressure and saturation temperature. Explain why quality is necessary for a
liquid vopor mixture, [4]

Derive general mass eongervation and energy conservation equations for a control volume,  [6]

Define entropy and isentropic process. Derive detail mathematical expression for entropy
relation for an id&a] gas in terms of pressure and temperature. [€]

Sketch the Rankines cycle on p-v and T-s diagrams and derive an expression for its
efficiency. - 6]

. Derive the expression for overall heat transfer coefficient for composite plane wall consisting

of two layers and subjected convective medium on beth sides. {6]

At the inlet and exhaust of a turbine the absolute steam pressure are 6000 kPa and 4.0 cm of
Hg. respectively. Baremeiric pressure is 73 cm of Hg. Calculate the guage pressure for the
entering steam and the vacuum gauge pressure {or the exhaust steam. (p,,, = 13600 kg/m’ and
g=9.81 msh (6]

A piston cylinder arrangement shown in figure below contains water initially at Py = 100
kPa, x; = 0.8 and V; = 0.01 m". When the systemn is heated, it encounters a linear spring
(k = 100 kN/m). At this state volume is 0.015 m”. The heating continues till its pressure is
2010 kPa. If the diameter of the piston is 0.15 m, determine: [%]

ay The final temperature and
b} The total work transfer

10. Air enters into a turbine at 2 MPa, 400°C and with a velocity of 200 m/s and exits from the

turbine at 100 kPa and 100°C with a velocity of 80 m/s. The power output of the turbine is
BOO kW when the mass flow rate of air is 4.5 kg/s. Determine the rate of heat loss from the
turbine surface, inlet and exit diameters, [Take Cp = 1005 Jkg, k and R = 287 J&ea.h] 18]




11. A piston eylinder device shown in figure below contains 1.5 kg.of water initially-at 100 kPa
with 10% of quality. The mass of the piston is such that a pressure of 400 kFa is required to
lift the piston. Heat is added to the system from a source at 500°C until its temperature
reaches 400°C. Determine the total entropy gencration during the process.

e TR

q.f'

12. A power plant-operating on 4n ideal Brayton cycle delivers a power output of 80 MW .The
minimum and maximum temperatures during cycle are 300 K and 1500 K respectively. The
pressure at the inlet and exit are 100 kPa and 1400 kPa respectively: '

i} Determine the thermal efficiency of the cycle

ii} Determine the power output from the turbine and

i) What fraction of the turbine power output is required to drive the compressor? [Take
Cp=1005 Mgk, y= 1.4]

13. A 40 m long steel pipe (k = 50 W/mK) having an inside diameter 80 mm and outside
diameter 120 mm is covered with two layers of insulation. The layer in contact with pipe is
30 mm thick asbestos (k = 0.15 W/mK) and the layer next to it is 20 mm thick magnesia
(k = 0.1 W/mK). The heat transfer coefficients for the inside and outside surfaces are
240 W/m’K and 10 W/m’K respectively, If the temperature of the steam inside the pipe is
400°C and the ambient air temperature is 25°C. Determine:

i) The inside overal| heat transfer coefficiern U,
ii) The cutside overall heat transfer coefficient U,
111} The heat transfer rate using Ui, and

iv) The heat transfer rate using U,

ERE

i8]

[8]

[61
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Candidates zre required to give their answers In their own words as far as practicable.
Attempt Al questions.

The figures in the margin indicate Fuil Marks.

Necessary ficures are affached herewiih.

Asrume suitable dara if necessary,

State and sxplein equalify of temperature. Also state zeroth law of thermodynamics.

Derve an expression for work transter for any process onm a piston cylinder devies.
Reduce it o get the expression for work transfer during a polyviropic process.

Drefine puers substance. State and explain "state postizlate”

Differentiate berween steady state work applications and steady siate flow appiications,

. Write down the functions of a thermal twbine and nozzle Also dedve goveming

equations for them when they operate under steady stats condition.

State the enlrepy changs staternent for 2 controh volumic and deive an sxpression for s
nITOPY Zensration.

L]
Sketch an ideal Otto ¢ycle on P-v and T-s dizgrams. Also, derive @n expression for its
sfficiensy in tarms compression ratio,

Derive the expression for overall hear transfer coefficient for & composiie plane wall
consisting o two lavers and subjested 1o convective medivm on both sidss.

#ir (001 kg) is contained 1 a piston cylinder device restrained by 2 linesr soming
(A = 300 kAim) a2 shown in Sgure below, Sn"lﬂ; imstiaily touches the plston bur exerneno
Torces on it, Heat 15 added to the system unti] the piston is displaged upward by 80 mm.

Digtermine;

2] The 'e""perarure at which piston leaves the
b} The final pressurs. {Take R =287 Jke K, pm-

Es

-

:‘51
wid



H

1

[
Lad

A pisten cylinder device with a linear spring Zm":ali*u COMERMS
Mpa and 300°C with the initial voiume being 0.1 m®_ as in figure
cools untl the pressure reaches 1000 kpe, If the piswn is at

pressure 18 200 kpa Sketch the process on Pov dia 1gram and dets
the final temperature #nd velume and the total work transfer. [Rat
properties of st2am)

. Adr flows at rate of 1.2 kg/s through 2 ':..:J'np?f sor, entering ai

velocity of 60 m/s and leaving at 500 kpa, 130°C, witha velocity ¢
the comprassor to the surrounding is esvmau' to be 1Ijl LMk
required to drive the compressor and diameters of m[e'

.[T*.ke R =287VkgK and ¢, = 1005 JkeK).

- A 1igid vessel consists of 0.4 kg of hydrogen initially at 200

rra:usfb:re:l to the system from a reserveir at bUIJ K until its 1emp
Determine the heat transfer, the change in entrony of hvdrogen anc
produced. [Take ¢, = 10,182 Jhk2K].

. An ideal gas turbine cycle precduces 15 MW of power output, The

compression intet are 100 kpa and 17°C. The pressure ratio for ¢

added per kg of air p=r cvcle is 900 E'xj-'F\E Deremuine; (1) Effic

maximum emperanes during the cvele and (c} Mass flow rate of
n= 1003 J/Kz K]

A firpace wall 300 mm thick is made un of an Inner laver af f'-

covered with a layer of insulation (k = J 3 WimE). The immer s
1200°C and the outer stirface is ar 303 C, Under steady stats condn
interface s measured o be 1100°C. Datermine:

a) Heat loss per unit area of the wall and
b} The thickness of each lavear

o
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Candidates are required fo give their answers in their own words as far as practicable.
Attempr AE quesrions. :

The fioures in the margin indicote Fuil Maris.

Necessary tables are attached herewith.

Assume sulvable data if necessary.

- Explain the difference between path fumction and peint function with exampie. (4]
Define heat transfer and work ttemafer. Also menton SLI:L'llﬂ.l'IHE:S and differences between
heat and work. 4]
Define pure substance. Explain why property tables and charts are necessary. 4]

Difierentiai berween steady stale and unsteady state analysis. Write down gensral mass
congervaden and snergy conservation equation for a sieady state process and reduce them

f{JI' an‘adiabatic urbine. : [6]
Define isentropic process. Derive isentropic relations for an ideal gas and an
mcompressible substance. 6]
Skewch the eycle on P-v and T-s diagrams and derive an expression for its c"f' iciency in

1erms of uma‘.m::ismn rato and cud-off ratio. «[6]
Derive expressions for inside and outside overall heat fransfer co-cfficient for a hollow
cviinder subjected 0 convestion meciium on both gides. i€l
A jarge chamber is separated into rwo compartments which ars mamtained different
pressures g5 shown in figure below. Pressure gauge A reads 200 kPa and pressurs gauge

B reads (30 kPa If the m-:asphezic pressure 15 104 kPa, determine the absolute pressure
existing in the compartments and the reading of gange C. 6

A rigid «<ontainer with 2 volume of 0170 W is'hitially filled with sweam.at 200 kP,
H00°C. It is cooled 10 90°C. i
Ay AT sarhalk 1¢:_p£,r"a“Lre.'dDe B phase Changes ST 10 ooour? : ' '

B |ﬁ i5 the fibai pressurs? T =T
o} What mass fraction of the water ie Hauid in ths fing)] stare? ? P
l_l o..skeich the process co-£-¥ and Twv dlagrame, '“R= er 1‘*& artached able for

"g", Feidss i E:CE.’T“.:




=

—===% 0. A zr fows ai a raeof 1.2 kg/s through & compressor, entering at 100G kPa, 25°C, wi

b
!

ve=locity of 60 m/s and leaving at 500 kPa. 150°C, witha velecity of 120 m/fs, Heat los
thhe compressor o the surrounding is estimared to be 20 klfko. Calcuiate the po
resquired to drive te compressor and diameter of inier and exhaust pires. [Take R =

J/lcgK and ¢, = 1085 TkeK]

- A air condition i baving COP 30% of the theorstical maximum maintains 1 house

termperaturs of 20°C by cooling it again the surrounding temperamure. The house g
Exzergy at a rate of (.8 K'W per degree temperature difference. For a marimum work ir
of 1.8 Kw, detemene the maximum surrounding temperamure for which it provi
suafficient cooling.

. The compressior mio of an air standard Ono cvele is 8. At the beginning of

commpression procsss, the pressure and temperanrs of air are 100 EPa and 2
respectively. The ket added per kg air during the cycle is 2000 kIfkg. Determine
pressure and tempesature at the end of each process of the cvele, the thermal efficie
arxci the mean effective pressure. [Take R =287 Jkek and ¥ = 1.4]

. A steel pipe having an owside diameter of 2 ¢m is 10 be covered with two layer:

mssulations, each having a thickness of 1 cm. The average conductivity of one matesi
5 tTimes that o1 the cther. Assuming that the inner and outer surface temperaturs of
coEnposite insulation ars fixed. cajculate by what percenthge the heat mansfer will
restuced when the better insulating marerials is nearer to the pipe than i 15 away from
pipre.

"
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Candidates are requized to give their answers in thelr own words as far as practicable,
Antampt All guestions.

The figures in the margin indicate Fuli Marks.

Necessary Tabies are attached herewiih.

Assume suitabic dara if necessary.

Tizime these terms:  (a) Quasi-equilibriom  process (b)) An open  system
(¢ Thermodynamic equilibrium (d) Intensive property.

Lrefine stored and tragsient energies with examples.

Irefine the terms sanmated vapor, superheated wapor and critical point. Also derive an
expression for specific volume of a two phase mixture in terms of quality.

LeZiive Unoendy saaes energy equation Sor an open system, Apply this equation to derive
governing equations for the discharge of a gas fom a cvlinder.

Stz and explain Kelvin-Planck and Clausius statement of second law n;rT
thermodynamics. Also prove their equivalence.

Sketch the Brayton eycle on P-V and T-s diagrams and derive an cxpression for its
efficiency in terms of pressure ratio.

Dezive an capression for inside overall heat transfer coefficient for a hollow eylinder
sunjecied to convection on hath sides.

£ cvhndsr with 2 frickonlsss nigton contains 0 1or of ras at I P nrossure, The niston
iz connectzd to a coil spring, which exerts 2 fores proportional to displacement from its
cquiilbrium posifion. The gas is heated umti! the volume is doubled at which pressurs i
S00KPa Determine the work deme by the ges, Take atmospheric pressure equal to
100KPa

£ piston cylinder amrangement shown in figure below comains €.5ke of water initially ai 2
pressurs of 400K Pa with a quality of 50%. The system is beated to 2 position where the
piston is locksd, and fhen cooled tll it becomes a saturated vapor &t a temperaturs of

00°C. Sketch the process on P-v and T-v diagrams and determine total work transfer.
: :
H
1

-

[4]
[2+2]

[3+3]
6]
[8]

6]

)

(8]
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- l-ﬂ.-Mm'ﬁptmtﬁﬂ'ﬁ’ﬁ'éﬁﬂ?Ef@f&’iﬁﬁi"ﬁ‘muﬁs ilow rate of 4600kg/h. The

Tarbine develops a power output of 1000kW. At the inlet, the pressure is 6000kPa, the
temperature is 400°C, and the velocity is 10my/s. At the cxit, the pressure is 100kPa. the
quality is 0.9, and the velocity is 50m/s. Calculate the rae of heat transfer between the
turbing and surroundmgs in kW7 {Refer the atached table for properties of steam),

L1. A heat engine working on Carnot eyele converts one-fifh of the heat input into work,
When the temperature of the sink is reduced by 80°C, the efficiency gets doubled. Make
caleulations for the temperaturs of source and sink.

12. Determine the efficiency of an ideal Rankine cycle operating between boiler pressure of
16MFa and condenser pressure of 6KPa. Steam leaves the boiler as saturated vapor,

13. An exterior wall of 2 house may be approximated by a lhem layer of common brick
[k=C.7W/m°C] followsd by a layer of a 3.8cm Jayer of cement plaster [=0.48Wim=C].
What thickness of loosely packed rock-wool insulation Tk=0.065W/m°C] should be added
reduce the heat loss (or gain) throush the wall by 80 percent?

Hhi

[3]

[6]
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Candidates are required Lo give their answers in their own words as far as practicable,
Atrenpt Al quesiions.

The figures in the margin indicete Full Marks

Necessary tables are atfached herevith,

Assume suilable dara if mecessary.

Write features of a thermodynamic property. Alse differentiate between state function and
path function with examples.

Differ=ntiate betwean haat and Work.
Define compressed liquid, degree of superh=at, moisture content and saturated vapor,

4. Define cyelic process State and explain fust Jaw of thermodynamics for a coniro! mass

undergoing a cvelic process.

Explain the directional feature of the namral process with any one example. State the
second of thermodyriamics for an isolated system. Also explain the entropy generation.

Ermas Pev and ‘T-s dingram for a Srayten eyele. Alsp derive an cxpression for jts
efficiency in terms of pressure ratio.

Derive expressions for inside overall heat transfer coetiicient and owside oversll haat
manster coefficient for a hollow tube subjected to eonvection medium o its both inner
and outer surface.

The Piston of & vertical Piston cylinder device containing as 2as has a Mass of 50 kg and
cross seetional area of .02m7

i) Determine the pressurs inside the cviinder.

ity During some process heat is lost 0¥ the gas to the swrroundings and ifs volume
decreases to Y of the initis! volume determine n, (nal pressure. [Take
Parm = 100 KPa and ¢ = 9.81 M/

A prston cylinder device shown o figure P.9 contains (0.2 Kg of 2 mixiure of saturatad

liguid water and saturated water vipor at a emperatwre of 30°C and & volume of 0.03m’,

The mass of the pision resting on the stops 15 50 Kg and the cross sectional ares of the

pision is 12.2625 em”. The atmospheric prassure is 100 kP Mea: i« transferred until i

becomes satueated vapor, Skeich the process on Pev and T-v diagrams anc determins=:

i} The final pressurs, and

i) The wota! work transfer. [Take g=0.4 ms-z] {Refer anached wbls o7 the properties of
sizam]

v : .
> i e ey o v
a o e f =
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[4]
{4
[4]

{6

[6]

6]



10.

Air fiows at a mme of 17 bals amﬂ:}ugh 8 turbie cnlering at S00 kpa 150°C; with-a

e et

——velocityof 120 mfrand feaviag & 100 kpa, 25°C. with velocity of 60 m/s, Heat josthy

1t.

i
FJ

I35

tite turbine o the sumounding 15 found 10 be 20 klfkg. Calculate the power developed by
he turbine and dismeter of imlet and enhast pipes. [Take B = 757 Jxgk, and
Cp = 100 81%kg k]

A heat Pump having COP of 5 maintaine 2 building ar a temperanire of 24°C by
supplying heat at 2 rate of T20ODK T, when the surroundings 1s @t 0°C, The heat Pumps
nn 12 howrs i a day and the electricity costs Rs 10K wh.

i} Determine the aetal and minimum theoratical cost per day.

n) Comparz the actz] operaiing cost with the gcost of direct electric resisance heating,

- Sleam at 2 MPa, 350°C is expandad in & stzam torhine working on a Rankine cyels 10 §

kP2 Determine the net work per kg of steam and the cyele cfficicncy assuming ideal
processes. What will be the difference in efficiency if pump werk is neglected? [Refer
alached table for the properties of steam ]

A gas turbine blade is modeled as » flat plate, The therma: canductiviy of the blade

material is 15 W/mk and its thickness s | mm. The upper surface of the blade s

exposed to hot gases ar 10p0°C and the lower surface ic eonled by air bled af the

compressor. The heat fransfer coefficients at the upper and lower surfaces of the hlade are

2300 Wimk and 1500 Wimd respectively. Under steady state conditions, the

temperature, at the upper susface of (he blade is measwred as 850°C: determine the
nerature of the eoolant air, ;

8]

[81
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Candicates are required to give (hewr answears in their own wards as far a5 pracucaiis.
Attempr ALl questions.

The figures in the margin mdicate Tu If Marks.

Necessary tables are airochgd herawitii,

Acnowe suitable dataif neceisaly

Highhisht assumptions of air standard cycle: Denve the thermal efficiency of two stroke
Spark lgmition (ST) Engine.

Ciefine & polytrople process. Skelch polyiropic proczsses wWith n= f3 1, 1.4-endodion I
common P-V diagram. Derive an expression for work iransier o7 2 palyliopic process

Draw satueation curve of waler ising isohar lines: Differentiate berween cormpressen
licuid and saturated howd as well as saturated vapor and superheated vapor,

Derive general energy cquation for an open system and modify 1t for steady state, steady
flow operation '

[eline isentroptc process Derive lsentroptc relations for an idsal gas.

. 1 i o g okl o) ; b
Tjzmve the pelationship hetween rate of heal pranzfer and theonal resistnoe wer 4

composite wall having thige layers

Clerve an sxprassion o7 overall heat anafer coefficient for a composnle plans walki

consizung of three Tayers with convection on hoth sides.

A mas is contamed 1na pisN cylinder device at 101.325 K¥a; Z00°C and . 125m° as
showm in fioure below, AL his state, & linear sprng with & Spring constant of 2L9 KN/m 15
\zuching the piston but exerts ne forcg 0N i.. The cross sectional arsa of the pisten i3
970 e, Heat 15 transferred 1o lhe gas, causing 1 to expand vnul s velume doubles.
Dstermineg;

ay The final pressure

b) The ratio af fraction of work done against the spring and total work done

¢y The towl heat transfer during the prot2ss

d) Alsa. show ghe process on & PoY and T-¥ diagrams. (Take R = 2871 hghs and
Cve 718 Jhegk) # '

"
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o 5 -
S The mass rate of How info & tushing is 1.5 kg's. and the hezt transfer from the nabinsis
8.3 «W. The fuliowing dat are known for the steam entenn 2 and leaving the tuchins,
' . . . Inlet Conditions __E:-n'. Conditions
. Pressure N 2 OMPa . 0.1MPa_ |
| Temperaturs | [T | !
Quality - | SI— . S
_Melogity - S0mils. - L 00mys i
Elevation above reference plane | __6m dm
Determne the power output of the tucbine and exit area of outlet pipe. [Referthe anached
table for propertics of steam] T
10. Two kg of water at 90°C is mixed with three kg of water 21 10°C 1 an isolated system.
Caleulate the change of entropy due to the nixing process. [ Cp for water = 4. 12k) k¥
L1 Air snters the compressor of an ideal air standard Brayton cycle at 100kPa, 300K, with a
volumetric flow rate of Sm'/s. The compressor pressure ratio is 10. The mbine (it
temperature 15 1200K. Detarmrina: ' i
L3
tr &) Thé thermal efficiency of the eyele. ¥
"o} Thenst power developed in KW,
g - -
© 12.A sigel pipe having an outside dizmeter of Zerm s to be covered with two layers of
e insulation, each having a thickness of lem. The average conductivity of one insulation is
5 times that of the other. Assuming that the inier and outer surface temperatures of the
samposite insulation are fixed, calculate by what percentage the heat (ransfer will he
redluced when the betier insulating material is n=xt to the plpe than it is away front the
PIRE,
R
2
:.
b
s
5
- & i i

%
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Candidames are required to give their answers in their own words as far as practicable,

Attempt Al questions.

The figures v the margin indicare Full Marks.
Necessary Tables are attached herewith,
Assume suitable data if necessary.

with suitable examples.

-5

Differentiate between the microscopic and macroscopic view point in thermodynamics

Define internal eneigy. Derive an axpressmn fﬂr displacement work transfer for a

pnly‘r_m]:ric process. 5

State two property rule fur a state. i:xplmn the :mpcrrtnnce ﬂf grnph:c:ai .ind tubular data

pr:senta‘hun_

Derive a gencral expression for energy cﬂnaenfalmn for a cnntml vc-]ume and reduce i1

for steady state condition.

Differentiate between heat engine and refrigerater. Also explain the factors used for sheir

performance evaluaton.

Explain the working principle {_rI 1]1:: R.:-u'l_]n.me cycle with the c::;m.apundmg Process on

P-W and I"—Sdﬁigrams FEH

a) Derive an expression for sieady state heat iJ'd.leftr ihmrugh B Cﬁmpﬁ'sﬂe cylinder

consisting of two different matenials,

b} Dehne terms blac!-. body and gray body.

‘piston eylinder a.rrangcm:m juaded with a ‘lmr.ar spring as.shown in figpure below has
n:-55 sectional area of 0.01m’, conlains gas pasion mass of B0kg. Tmitially spring touches

ihe piston but exerts no pressure on it. Heal i supphed 1o the:system until its volome
doubles. Determine the final pressure. [Take g = 9.8] /s’ outs:de atmospheric pressure =

| 00k Pa. spring const, k = S0KN/m, initial volume =0 o6m? of gas)
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\\3/;‘; vessel having & volume of 0. 4m’ cortains 2.0 kg of hqmd water ﬂnd waler vapor
mixmre m aqm.l:bnum at a pressure: oE‘ESDkPa Ca}cuiatc

e

a) The volume and mass of luqusd : Zie z
by The volume and mass of vapor e 3
¢) Temperature

¢j Enihalpy

(Refer the attached table for properties of steam}

i

o) A piston cylinder device shown in figure below contains 2kg of water initially at saturated

_/":KC(a liquid state of 1MPa. There is heat transfer 1o the system until it hits the stops at which

time its volume is 0 3m’, There is further heat transfer to the device until water is

- ecampletely wponzed Sketch the process on P-v and T-v {pressure - spcc:Fc volurmie)
diagrams and determinz tolal work and heattransfer, = - "¢ -

:J-I l - ¥

Ho g/
v
E-L,-E[Eﬂm enters into a turhine at 2 rate of 2kg's with P. = 2MFa, T, = 600 L and cxits

at Py o= ghkPa Tind: 5 :

a) Power output if the turbine 15 15entropic
by Power omput if isentropic elficiency of wirbine 15 B0 and
c¢) Outlet enthalpy of steam from the real wrbine

At the heginning of the cnmpmssmn pmcms of an air standard Oto cynle Py = 100kPa,
Tr 1590k, V,; = 400em’. The maximum xf'mpr:ruture in the c}rc]c is 2200K and the
 gotnpression ratio is 8. Determine: i

_ay The heat addition, in k)
b] The network, in ki
ﬂ,.f’:' The Thermal efficiency,
d) The mean effecuve pressure

[Take R = 287 JkeK, C. = 718 VkgK]

Il;rﬁ_km thick 50cm = 75cm plate (K = 50W/mK) has im&er-ﬁurﬁmé"-tempcmtu_r& of Elﬂ"ﬂ.
] a/ Heat is lost from the plate surface by convection and radiation lo ambient air at 20°C; 1f

“-the emissivity of the surface is .85 and cosivection heat’ Lr.:msiﬁr cuaﬁiclem Is Eﬂ‘r‘n'mzl{,
ﬂelf:rmmc outer surface temperature of the plate.
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11 TRIBHUVAN [RAVERSITY ‘ Exmm. Regular/Back - |
INSTITUTE OF ENGINEERING | Level _|EE _ Full Marks 50 -
Examination Centrol Division  Programme | BEL Pass Marks 32 !
2067 Ashadh { Year/Part | 111/ iime Shes, |
Subject: - Fundamenial of "i‘hmmmdwmrmu and Heat
v Candidates are reguired to give their answers o their own words as far as practicabie.
~ Attempt Al questions.
v The figures fn the margiv indicare Full Marks.
v Neecessary tables are arrached herewitl,
v Assume suilable data if necessary.
1. List out and EWII the three types of thermodynamic system. Derive an expression for e
work done during an isothermal process. . 6]
wry
2. Write down steady flow energy equation (3r'LE) with necessary assurnptions. Reduce it
for nozzle, adiabatic pump and throttling valve [4]
3. Define entropy. Derive the expressions for change of cntropy for an ideal gas by
combining first and Heuund laws ol thermodynamics. [8]
4, What are the major two differences between Otio -;.}4_]1. and Diesel cyele? Draw P-v and &
T-s diagrams for the Dual evcle. Write down the expression for an efficiency of Dual k
eycle and conditions when Dual cvele tends to Diesel eycle and Otto eycle. (6]
5. Derive an expression for radial heat flow through three laver compesite evlinders. [6]
fr. What is brake nozzle? Differentiote between impulse turhine and reaction turkine. (6]
7. Wnie short notes: (anv four) [2=4]
a) Surface tension
b} Buoyant force
¢) Path line :
d} Statement and assumptions of Bernoulli®s equation
¢} Lift force and drag force
8. Air is contained in a vertical eylinder fitied with a frictionless piston and a set of stops as
shown in figure below. The cross-sectional arca of the piston is 0.05m° At inilial
condition, piston is in upper stops with pressure and temperature inside the cylinder are
0.3 MPa and 731°C respectively. Air is cooled as & result of heat transfer to the
surroundings. The piston staris to move down at pressure (1.21 MPa, The cooling pmcc%a
Lummues untjl the temperature reaches 70°C. " 2 B e v B8

a) Urdw P-V diagram for the process. ;
b) Find the temperature of I.he air 11151':15 the t}'hﬂdﬁf when the [}l&.luﬂ reaches the lower
stops,

¢) Caleulate the heat transfer dur'*w, the: process. (For air r R= 287 Jikg K, Cp= 1004 Jkg K,
Cv =717 Jkg K)




(5}

3 A nzid container willy 2 volume of 0.170m’ § = ingially filled with steamiat 200 %Pa and
3300 Tt is wnlad to 30°C,

41 Atawhat temoerature does & phess chiz 2 starts 19 getus?
L)) ‘-": £13 1I'.| '1?..;!1'-:.551.1:.,'
ﬁ‘a What s frection ol the waier is lqaid in the final state?

Also sketeh t‘t e process an Pvand Tov diagrams. (Refer the attached table for procenizs
"o iem "'1]

fuser has air entenng ad 100kP, Suu'{ with 4 ‘-'Elu..l.l_..' of 200hmifa T';'H:
izt Crass 4&.1@??& arca uf the diffuses s L05: m:[[ At the Exn‘_. u,.;': &Jea 15 BS0mm’, and

at _ha exil vl v.'.'n:]l:r i3 20mls. Determsing the exit ! ;n pr;.-;,Ll_,I,, and’ Pressure ‘of the air, .sz:
u; q,; ;Mlc{w:m:gr: R=28 ukg &1

: 1,2”?{'..1.: mrﬁrs ﬂ*a.c&mprmor ﬂf an ‘daa.. Lily strrdard Elraw_,rlou cycle at ]E}G‘lc:pd ’-Ei}]:, with a

-"."J-U'"lﬁ'-""u flow rate.of Sm'/a. The En"“]}r"sst:u pressure ratio s 9. The turtbine intst
tenF:raturtr i5 l-dtlﬂk Dréteriniine:

Y
Y Thv: Ioermal efﬂ}lmr.:.y of the [‘.}"C.u:
"By The net power developed, in KW, Take R=2871%kg I, cp= II'_'IIZI:-'. Mg 1, Y = 1.4]

{,‘N- The inside siwface ol an insulating layer 5.0t 270°C, and the outside surfacs i5 dissipating

heat by EGHVETHD'I in 1o air at 20°C. The insalation layer is 4 cm thiclkt and has thermal
conducuvity of L2W/m. X What iz the prinimum valoe of the heat ransfer ca:mfhmv-m at
the sutside su "a::e ifthe sotside temperath ¢ i3 not to exceed ?D“C” P
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