THERMODYNAMICS AND ENERGY

Thermodynamics: The science of
energy.

Energy: The ability to cause changes.

The name thermodynamics stems from
the Greek words therme (heat) and
dynamis (power).

Conservation of energy principle:
During an interaction, energy can change
from one form to another but the total
amount of energy remains constant.

Energy cannot be created or destroyed.

The first law of thermodynamics: An
expression of the conservation of energy
principle.

The first law asserts that energy is a
thermodynamic property.

PE = 10 units ' Potential
€ KE=0 X energy

PE =7 units | Kinetic
VKE =3 units | energy

Energy cannot be created or
destroyed; it can only change
forms (the first law).



The second law of thermodynamics: ﬁ“:ﬁ?’)““‘fﬂge
It asserts that energy has quality as 2

well as quantity, and actual processes  Enecrgyin

occur in the direction of decreasing (5 units)

quality of energy.

Classical thermodynamics: A T
macroscopic approach to the study of i sl ko
thermodynamics that does not require (4 units)

a knowledge of the behavior of Conservation of energy principle
individual particles. for the human body.

It provides a direct and easy way to the Coul
solution of engineering problems and it —_—
is used in this text. 2e

Statistical thermodynamics: A
microscopic approach, based on the
average behavior of large groups of
Individual particles.

It is used in this text only in the
supporting role. Heat flows in the direction of
decreasing temperature.
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Application Areas of Thermodynamics
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SYSTEMS AND CONTROL VOLUMES

System: A quantity of matter or a region
In space chosen for study.

Surroundings: The mass or region
outside the system

Boundary: The real or imaginary surface
that separates the system from its
surroundings.

The boundary of a system can be fixed or
movable.

Systems may be considered to be closed
or open.

Moving
boundary

Fixed
boundary

SURROUNDINGS
Closed system ——————————
(Control mass):
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A fixed amount of CLOSED >
mass, and no SYSTEM
mass can cross its
boundary m = constant
Energy YES
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An open system (a control
volume) with one inlet and
one exit.

* Open system (control volume): A properly
selected region in space.

« It usually encloses a device that involves
mass flow such as a compressor, turbine, or
nozzle.

« Both mass and energy can cross the
boundary of a control volume.

« Control surface: The boundaries of a control
volume. It can be real or imaginary.

Imaginary Real boundary
boundary

Moving
boundary

CV
Fixed
. boundary

(a) A control volume with real and (h) A control volume with fixed and
imaginary boundaries moving boundaries



PROPERTIES OF A
SYSTEM

Property: Any characteristic of a
system.

Some familiar properties are
pressure P, temperature T, volume
V, and mass m.

Properties are considered to be
either intensive or extensive.

Intensive properties: Those that
are independent of the mass of a
system, such as temperature,
pressure, and density.

Extensive properties: Those
whose values depend on the size—
or extent—of the system.

Specific properties: Extensive Criterion to differentiate intensive
properties per unit mass. and extensive properties.

Extensive
properties

Intensive
properties




Continuum

Matter is made up of atoms that are
widely spaced in the gas phase. Yet
it is very convenient to disregard the
atomic nature of a substance and
view it as a continuous,
homogeneous matter with no holes,
that is, a continuum,

The continuum idealization allows us
to treat properties as point functions
and to assume the properties vary
continually in space with no jump
discontinuities.

This idealization is valid as long as
the size of the system we deal with
is large relative to the space
between the molecules.

This is the case in practically all
problems.

In this text we will limit our
consideration to substances that can
be modeled as a continuum.

O, | atm, 20°C

/O

3 x 10'% molecules/mm?

/ VOID
» .

N\

Despite the large gaps between molecules, a
substance can be treated as a continuum
because of the very large number of
molecules even in an extremely small
volume.




DENSITY AND SPECIFIC GRAVITY

Density Specific gravity: The ratio of
m . the density of a substance to
p=— (kg/m’) the density of some standard
% substance at a specified

Specific volume

Specific weight: The
weight of a unit volume

of a substance.
Y, = pg (N/m?)

Density is mass
per unit volume;
specific volume
is volume per
unit mass.

temperature (usually water at

4°C).

SG

P

PH,0

TABLE 1-3

Specific gravities of some

substances at 0°C

Substance SG
Water 1.0
Blood 1.05
Seawater 1.025
Gasoline 0.7
Ethyl alcohol 0.79
Mercury 13.6
Wood 0.3-0.9
Gold 19.2
Bones 1.7-2.0
Ice 0.92
Air (at 1 atm) 0.0013




STATE AND EQUI

Thermodynamics deals with
equilibrium states.

Equilibrium: A state of balance.

In an equilibrium state there are no
unbalanced potentials (or driving
forces) within the system.

Thermal equilibrium: If the
temperature is the same throughout

the entire system. (a) State 1 (b) State 2

Mechanica_l equilibrium: If ther_e IS A system at two different states.
no Change INn pressure at any point
of the system with time.

Phase equilibrium: If a system 20C 23C 32C 32C
involves two phases and when the 30°C 32°C
mass of each phase reaches an il
equilibrium level and stays there. o o o o
Chemical equilibrium: If the <8 040 = = L 5 =8
chemical composition of a system 42 C 32 C

does not change with time, that is,

no chemical reactions occur. )
(a) Before (b) After

A closed system reaching thermal
equilibrium.



PROCESSES AND CYCLES

Process: Any change that a system undergoes from one equilibrium state to
another.

Path: The series of states through which a system passes during a process.

To describe a process completely, one should specify the initial and final states,
as well as the path it follows, and the interactions with the surroundings.

Quasistatic or quasi-equilibrium process: When a process proceeds in such
a manner that the system remains infinitesimally close to an equilibrium state

at all times.

Property A
A

State 2

(a) Slow compression
(quasi-equilibrium)
Process path
<
State 1

(b) Very fast compression
Propel‘ty (nonquasi-equilibrium)

1V



Process diagrams plotted by
employing thermodynamic properties
as coordinates are very useful in
visualizing the processes.

Some common properties that are
used as coordinates are temperature
T, pressure P, and volume V (or
specific volume v).

The prefix iso- is often used to
designate a process for which a
particularproperty remains constant.

Isothermal process: A process
during which the temperature T
remains constant.

Isobaric process: A process during
which the pressure P remains
constant.

Isochoric (or isometric) process: A
process during which the specific
volume v remains constant.

Cycle: A process during which the
initial and final states are identical.

PA
Final state

Process path

Initial
State

(1)

The P-V diagram of a compression
process.
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|

Mass = 300°C 250°C |
The Steady-Flow Process n — i
: Control volume |
The term steady implies no | 225°C E
change with time. The i M Mass
opposite of steady is | 200°C  150°C I—" ou
unsteady, or transient. ——
A large number of During a steady-
engineering devices operate  flow process, fluid nag = 300°C 250°C |
for long periods of time properties within in —, |
under the same conditions, the control volume | SaRimbvelume S
and they are classified as may change with | 225°C |
steady-flow devices. position but not | e Mass
Steady-flow process: A with time. L200°C 150°C i—" ou
process during which a fluid Time: 3 pM
flows through a control Mass =0
volume steadily. S Control
volume

Steady-flow conditions can
be closely approximated by
devices that are intended for
continuous operation such
as turbines, pumps, boilers,
condensers, and heat
exchangers or power plants
or refrigeration systems.

M.y = const.

|
|
|
|
|
| E .y = const.
|
|
|

Mass

_____________ . out

Under steady-flow conditions, the mass and
energy contents of a control volume remain

constant.
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TEMPERATURE AND THE ZEROTH LAW OF THERMODYNAMICS

 The zeroth law of thermodynamics: If two bodies are in thermal
equilibrium with a third body, they are also in thermal equilibrium with
each other.

« By replacing the third body with a thermometer, the zeroth law can
be restated as two bodies are in thermal equilibrium if both have the
same temperature reading even if they are not in contact.

IRON IRON
150°C 60°C
—
Two bodies reaching
thermal equilibrium COPPER COPPER
after being brought 20°C 60°C
into contact in an

isolated enclosure.
13



Temperature Scales

All temperature scales are based on
some easily reproducible states such as
the freezing and boiling points of water:
the ice point and the steam point.

lce point: A mixture of ice and water
that is in equilibrium with air saturated
with vapor at 1 atm pressure (0°C or
32°F).

Steam point: A mixture of liquid water
and water vapor (with no air) in
equilibrium at 1 atm pressure (100°C or
212°F).

Celsius scale: in Sl unit system

Fahrenheit scale: in English unit
system

Thermodynamic temperature scale: A
temperature scale that is independent of
the properties of any substance.

Kelvin scale (SI) Rankine scale (E)

A temperature scale nearly identical to
the Kelvin scale is the ideal-gas
temperature scale. The temperatures
on this scale are measured using a
constant-volume gas thermometer.

P4 Measured
data points |
P versus T plots of Gas A
the experimental
data obtained
from a constant- Gas B
volume gas
thermometer R
. xira Ull()l] o
using four p Gas C
different gases at
different (but Gas D
low) pressures. /(:', N
~273.15 0 T(°C)

T'(°C) T (K)

P (kPa)

Absolute
vacuum
\/ = constant

A constant-volume gas thermometer would

read 273.15°C at absolute zero pressure. ”



= T(°C) + 273.15
= T(°F) + 459.67
— 1.87(K)

= 1.87(°C) + 32

AT(K) = AT(°C)

| K

1°C 1.8 R 1.8°F

Comparison of
temperature
scales.

Comparison of
magnitudes of
various
temperature
units.

0.01H1273.16

=273.15110

®

Triple
32.02 11 491.69 point
of water

—-459.67 110 Absolute

O ZET0

The reference temperature in the original Kelvin scale was the ice point, 273.15 K,
which is the temperature at which water freezes (or ice melts).

The reference point was changed to a much more precisely reproducible point,
the triple point of water (the state at which all three phases of water coexist in
equilibrium), which is assigned the value 273.16 K.

15



PRESSURE

Pressure: A normal force exerted by a
fluid per unit area

1 Pa=1N/m

1 bar = 10° Pa = 0.1 MPa = 100 kPa
I atm = 101,325 Pa = 101.325 kPa = 1.01325 bars

| kgf/em* = 9.807 N/ecm* = 9.807 X 10* N/m* = 9.807 X 10" Pa 1444 4444
= 0.9807 bar 0.23 kgf/cm? 0.46 kgf/cm?
= 0.9679 atm P=68/300=0.23 kgf/cm?

The normal stress (or “pressure”) on the feet
of a chubby person is much greater than on
the feet of a slim person.
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Absolute pressure: The actual pressure at a given position. It is
measured relative to absolute vacuum (i.e., absolute zero pressure).

Gage pressure: The difference between the absolute pressure and
the local atmospheric pressure. Most pressure-measuring devices are
calibrated to read zero in the atmosphere, and so they indicate gage

pressure.

Vacuum pressures: Pressures below atmospheric pressure.

Throughout Pgazlgc — Puhs o Piﬁll[l’l
this text, the

pressure P will P\-';J.c — Puln‘l - P;.].h:-;
denote

absolute

pressure | y B
unless P
specified
otherwise. A

atm

abs

Absolute

abs

vacuum

s — — — — — —

alm

abs

Absolute

vacuum



Summary

Thermodynamics and energy
— Application areas of thermodynamics
Importance of dimensions and units

— Some Sl and English units, Dimensional homogeneity,
Unity conversion ratios

Systems and control volumes

Properties of a system

Density and specific gravity

State and equilibrium
— The state postulate

Processes and cycles
— The steady-flow process

Temperature and the zeroth law of thermodynamics
— Temperature scales

Pressure
— Variation of pressure with depth

The manometer and the atmospheric pressure
Problem solving technique
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QUESTION BANK

THERMODYNAMICS

1) a) Define a thermodynamic system. Differentiate between open system, closed system
and an isolated system.
b) Determine the work done by the air which enters into an evacuated vessel from
atmosphere when the valve is opened. The atmospheric pressure is 1.013 bar and 1.5 m®
of air at atmospheric condition enters into the vessel. [6+8] S
2) a) Explain the following terms:
1) state ii) Process iii) Cycle
b) A fluid at a pressure of 3 bar, and with specific volume of 0.18 m?/kg, contained in a
cylinder behind a piston expands reversibly to a pressure of 0.6 bar according to a law p =
C/v? where C is a constant. Calculate the work done by the fluid on the piston. [6+8] S
3) a) How does the homogeneous system differ from a heterogeneous system?
b) 1 kg of a fluid is compressed reversibly according to a law pv = 0.25 where p
is in bar and v is in m*kg. The final volume is % of the initial volume. Calculate
the work done on the fluid also sketch the process on a p-v diagram. [6+8] S
4) a) What do you understand by path function and point function? What are the
exact and inexact differentials?
b) A mass of 1.5 kg of air is compressed in a quasi-static process from 0.1 MPa
to 0.7 MPa for which pv = constant. The initial density of air is 1.16 kg/m®. Find
the work done by the piston to compress the air. [7+7] S
5) a) Show that work is a path function and not a property.
b) A mass of gas compressed in a quasi-static process from 80 KPa, 0.1 m® to
0.4 MPa, 0.03 m®. Assuming that the pressure and volume are related by pv"
= constant, find the work done by the gas system. [6+8] S
6) a) Define the term ‘heat’ in detail. Justify the statement that work and heat are
not properties.
b) Calculate the non-flow work done for a gas which expands from initial
pressure 5 bar and volume 4 m?® to final volume 20 m® under the following
reversible processes. Show the process on P-V diagram.
a P=C b)V=C PV=C d)PV'=C wherey=14 ¢)PV"=C [6+8]S
7) A piston-cylinder arrangement is containing a fluid at 10 bar, the initial volume
being 0.05 m®. Find the work done by the fluid when it expands reversible for the
following cases
a) at constant pressure to a final volume of 0.2 m*
b) according to the linear law to a final volume of 0.2 m® and a final pressure of 2
bar.
¢) according to law PV = constant to a final volume of 0.06 m*



d) according to law PV2 = constant to a final volume of 0.06 m®.
e) according to law = (A/V3) — (B/V) to final volume of 0.1 m® and a final pressure
of 1 bar where A and B are constants. [14] M
8) Calculate the non-flow work done for a gas which expands from initial pressure
5 bar and volume 4 m®to final volume 20 m® under the following reversible
processes. Show the process on P-V diagram.
a) P=c b)v=c c)pv=c d)pv =cwherey=14 ¢)pv"=c

Where n = 1.25. [14] M
9) a) Differentiate between the cyclic process and non-cyclic process.
b) Prove that heat and work are the path functions. [7+7] S

10) a) What is a quasi-static process? What is its characteristic feature?

b) An engine cylinder has a piston of area 0.12 m® and contains gas at a

pressure of 1.5 MPa. The gas expands according to a process which is

represented by a straight line on a pressure-volume diagram. The final pressure

is 0.15 MPa. Calculate the work done by the gas on the piston if the stroke is 0.3

m. [6+8] M
11) A fluid is contained in a cylinder by a spring loaded, frictionless piston so that

the pressure in the fluid is linear function of volume (p = a + bv). The internal

energy of the fluid in KJ is given by the expression u = 32 + 3pv, where p is in KPa and

V is in m®.  The initial and final pressures are 150 KPa and 350 KPa and the

corresponding volumes are 0.02 m® and 0.05 m®. Make calculations for the direction and

magnitude of work and heat interactions. [14] D
12) a) Explain the terms state, path, process and cyclic process.

b) Discuss the macroscopic and microscopic point of view of thermodynamics. [7+7] S
13) a) Explain thermodynamic system, surroundings and universe, illustrate the

same with examples.

b) Distinguish between closed system, open system and isolated system with suitable
examples. [7+7] S

14) a) Explain the control volume and its significance

b) if a gas of volume 6000 cm? and at a pressure of 100 KPa, is compressed

quasistatically to P\V/2 = constant until the volume becomes 2000 cm?®. Calculate

the final pressure and the work transfer. [4+10] S
15) a) What are different forms of work energy. Explain each of them briefly.
b) Why does free expansion have zero work transfer. [8+6] S

16) a) Explain the terms ‘cyclic’ and ‘quasi static’ process.
b) A piston-cylinder engine contains a fluid at 12 bar pressure. The cylinder volume is
0.03 m®. Calculate the work done by the fluid when it expands reversibly as
a) according to a law PV = C to a final volume of 0.15 m®,
b) according to law P = A/V? — B/V to a final of 0.1 m? and a final pressure of 1.5



bar where A and B are constants. [6+8] M
17) a) Write the difference between system and control volume.

b) A gas undergoes a reversible non-flow process according to the relation P =

(-3V + 15) where V is the volume in m® and P is the pressure in bar. Determine

the work done when the volume changes from 3 to 6 m?®. [4+10] S
18) A gas expands according to the equation PV = 100, where P is the pressure in

KPa and V is the specific volume in m%kg. The initial pressure of the gas is 1000

KPa and the final pressure is 500 KPa. The gas is then heated at constant volume back to

its original pressure of 1000 KPa. Determine the work of combined process. Also sketch

the process on P-V coordinates. [14] D
19) a) What is thermodynamic system? What is the difference between a closed

system and an open system? Give few examples for closed and open systems.

b) An engine cylinder has a piston of area 0.12 m? and contains gas at a

pressure of 1.5 MPa. The gas expands according to a process which is

represented by a straight line of a pressure-volume diagram. The final pressure is 0.15

MPa. Calculate the work done by the gas on the piston if the stroke is0.03 m. [7 + 7] M
20) A fluid is contained in a cylinder by a spring loaded, frictionless piston so that

the pressure in the fluid is linear function of volume (p = a+bv). The internal

energy of the fluid is KJ is given by the expression u = 32 + 3pv, where p is in

KPa and V is in m3. The initial and final pressures are 150 KPa and 350 KPa and the

corresponding volumes are 0.02 m® and 0.05 m®. Make calculations for the direction and

magnitude of work and heat interaction. [14] D
21) A gas undergoes two processes that are in series. The first process is an

expansion that is carried out according to the law PV = constant and the second

process is a constant pressure process that returns the gas to the initial volume of the first

process. The start of the first process is at 400 KPa and 0.025 m® with the expansion to

200 KPa. Sketch the process on a P-V diagram, and determine the work of the combined

process. [14] M
22) A fluid contained in a horizontal cylinder fitted with frictionless leak proof piston,

is continuously agitated by means of a stirrer passing through the cylinder cover.

The cylinder diameter is 0.4 m. During the stirring process lasting 10 minutes,

the piston slowly moves out a distance of 0.485 m against the atmosphere. The

net work done by the fluid during the process is 2 KJ. The speed of the electric

motor droving the stirrer is 840 rpm. Determine torque in the shaft and power

output of the motor. [14] D
23) a) Show that work is a path function, and not a property.

b) A mass of gas is compressed in quasi-static process from 80 KPa, 0.1 m3to

0.4MPa, 0.03 m®. Assuming that the pressure and volume are related by PV" =

constant, find the work done by the gas system. [4+10] M



24) a) Define the term ‘heat’ in detail. Justify the statement that work and heat are

not properties.

b) A pressure gauge fixed in a boiler reads 1200 KN/m?. The barometer reads

atmospheric pressure as 735.5 mm of Hg. Determine the corresponding absolute

pressure. [7+71 M
25) a) What are positive and negative work interactions.

b) A forced fan supplies air to the furnace of a boiler at a head of 40 mm of water

column. Determine the absolute pressure of air supply if the barometric reading

is 760 mm of Hg. [4+10] M
26) a) Distinguish clearly between the following, giving examples wherever

necessary

i) Closed system and open system
i) point function and path functions

b)A vacuum gauge fixed in steam condenser reads 71 cm of Hg. The barometric

reading is 76 cm of Hg. Calculate the absolute pressure in the condenser. [7+7] M
27) a) Explain clearly what thermodynamic equilibrium is?

b) The pressure of steam generated in a boiler as recorded by the Bourdon

pressure guage was 9.2 bar. Calculate the absolute pressure of steam if the

barometer reads 774 mm of Hg. [6+8] M
28) a) Discuss the microscopic and macroscopic point of view of thermodynamics.

b) A non flow quasi-static (reversible) process occurs for which p = -3v + 16 bar, where
Vis in m* What is the work done when V changes from 2 to 6 m3? [6+8] S
29) a) Define property and classify it with proper examples.
b) A non-flow reversible process can be written down by and equation p = (V2 +
8/V) bar. Determine the work done if volume changes from 1 to 3 m®. [6+8] S

30) a) Justify the statement that work and heat are not properties.
b) Write short notes on
a) System b) properties c) path function and point function
d) work and heat [6+8] S

31) a) What do you understand by path function and point function.
b) State whether the following quantities are point functions or path functions?
Explain briefly (i) Jpdv (i) Jvdp (iii) | (pdv + vdp) (iv) [ dv. [6+8] M

32. a) Justify the statement that work and heat are not the properties.
b) A quantity of air having a volume of 0.03 m? at a temperature of 200°C and pressure of
150 N/cm? is expanded at constant pressure to 0.06 m®, it is then expanded adiabatically to
0.12 m®. Find (i) Temperature and pressure at the end of the adiabatic process (ii) work
done during each stage assuming y = 1.41. [4+10] M

33. @) Define the term ‘heat’ in detail. Justify the statement that work and heat are
not properties



34. a)

b) The properties of a closed system change following the relation between pressure and
volume as PV = 3 where P is in bar, V is in m3. Calculate the work done when the
pressure increases from1.5 bar to 7.5 bar. [7+7]S

Explain clearly what thermodynamic equilibrium is?

b) A fluid at a pressure of 3 bar, and with specific volume of 0.18 m®/kg, contained in a
cylinder behind a piston expands reversibly to a pressure of 0.6 bar according to a law P
= C/V2. Calculate the work done by the fluid on the piston. [6+8] S.



UNIT -2

1. A new temperature scale in ° N is to be defined. The boiling and freezing points on this scale
are 400°N and 100°N respectively.

a) Correlate this with Centigrade and Fahrenheit scale

b) What will be the reading on the new scale corresponding to 60°C [14]1 M
2. A fluid is confined in a cylinder by a spring loaded, frictionless piston so tha the pressure in
the fluid is a linear function of the volume (P = a+bV). The internal energy in the fluid is given
by the following equation.

U=34+3.15PV

Where U is in Kj, P in KPa and V in m3. If the fluid changes from an initial state of 170 KPa,
0.03 m? to a final state of 400 KPa, 0.06 m® with no work other than that done on the piston, find
the direction and magnitude of the work and heat transfer. [14] D
3. A piston and cylinder machine contains a fluid system which passes through a complete cycle
of four processes. During a cycle, the sum of all heat transfers is -170 Kj. The system completes
100 cycles per minute. Complete the following table showing the method for each item, and

compute the new rate of work output in KW. [14] M
Process Q (KJ/min) W (KJ/min) AE (KJ/min)
a-b 0 2,170 --
b-c 21,000 0 --
c-d -2,100 -- -36,600
d-a -- -- --

4. A system receives 200 Kj of work at constant volume process and rejects 220 Kj of heat at
constant pressure and 40 Kj of work is done on the system. The system is brought to its original
state by an adiabatic process. Calculate the adiabatic work. If the initial internal energy is 240
K], then calculate the value of internal energy at all points. [14] S
5. Ina vessel 10 kg of oxygen is heated in a reversible, now-flow, constant volume process so
that the pressure of oxygen is increase two ties that of the initial vale. The initial temperature is
20 °C. Calculate

a. The final temperature




b. The change in internal energy

c. The change in enthalpy and

d. The heat transfer.

Take R = 0.259 Kj/Kg K and Cy = 0.652 Kj/Kg K for oxygen. [14] M
6. Calculate the final temperature, pressure, work done and heat transfer if the fluid is
compressed reversibly from volume 6 m® to 1 m® when the initial temperature and pressure of the
fluid are 20° C and 1 bar. The index of compression may be assumed as 1, 1.3 and 1.4
respectively. Take Cp=1.005 and Cy =0.718 and R = 0.287 Kj/Kg K. [14] M
7. a) State the zeroth law of thermodynamics. Explain how it forms the basis for temperature
measurement.
b) A closed system undergoes a thermodynamic cycle consisting of four separate and distinct

processes. The heat and work transferred in each process are as tabulated below.

Process Heat transfer in Kj/min Work done in Kj/min
1-2 20,000 0
2-3 -10,000 30,000
3-4 0 20,000
4-1 15,000 -25,000

Show that the data is consistent with the first law of thermodynamics. Also evaluate the net

work output in KW and the change in internal energy.

[6+8] S

8. a) State the limitations of first law of thermodynamics.

b) A system undergoes a cycle composed of four processes. The heat transfers n each process
are: 400K, -365 Kj, -200 Kj and 250 Kj. The respective work transfers are 140 Kj, 0, -55Kj and
0. Is the data consistent with first law of thermodynamics? [4+10] M
9. A system receives 200 kj of heat at constant volume process and rejects 220 kj of heat at
constant pressure and 40 kj of work is done on the system. The system is brought to its original
state by an adiabatic process. Calculate the adiabatic work. If the initial internal energy is 240 kj
then calculate the volume of internal energy at all points. [14] M
10. A system containing 0.2 m® of air at a pressure of 4 bar and 160° C expands isentropically to
pressure of 1.06 bar and after this the gas is heated at the constant pressure till the enthalpy

increases by 65 kj. Calculate the work done. Now, imagine that these processes are replaced by



a single reversible polytropic process producing the same work between initial and final sate.
Find the index of expansion in this case. C, of air = 1.005 kj/kg K. [14] D
11. 2 m® of hydrogen at a pressure of 1 bar and 20° C is compressed isentropically to 4 bar. The
same gas is expanded restored to original volume by constant volume heat rejection process.
Determine a) pressure, volume and temperature at each end of operation, b) the heat added
during the isothermal process. c) the heat rejected during constant volume process and d)
change in internal energy during each process. Assume R = 4.206 kj/kg K, Cp = 14.25 kj/kg K.
[14] D
12. a) Explain the limitations of first law and state the essence of second law.
b) Prove that the formula T°V3bekt = constant for the adiabatic expansion of the gas if C, = a +
KT and Cy = b + KT, where a, b, and k are constants and T in K. [6+8] M
13. a) Explain in detail about constant volume gas thermometer.
b) In a certain cyclic process, the heat interactions are +44kj, -108 kj, -32j and 136 kj. Find the
net work done during cyclic process. [6+8] S
14. A steam turbine operates under steady-flow conditions. It receives 7200 kg/h of steam from
the boiler. The steam enters the turbine at enthalpy of 2800 kj/kg, a velocity of 4,000 m/min, and
an elevation of 4m. The steam leaves the turbine at enthalpy of 2000 kj/kg a velocity of 8000
m/min and an elevation of 1m. Due to radiation, heat losses from the surrounding amount to
1580 kj/h. Calculate the output of the turbine. [14] M
15. Steam enters a nozzle at a pressure of 7 bar and 20° C (i.e. initially enthalpy 2850kJ/kg) and
leaves at a pressure of 1.5 bar. The initial velocity of steam at the entrance is 40m/s and the exit
velocity from the nozzle is 700nm/s. The mass flow rate through the nozzle is 1400 kg/h. The
heat loss from the nozzle is 11705kJ/h. Determine the final enthalpy of steam. [14] D
16. In boiler, water enters with an enthalpy of 168 kj/kg and steam leaves with enthalpy of 2925
Kj/kg. Find the heat transferred per kg of steam. The changes in kinetic and potential energies
may be neglected. [14] M
17. A reciprocating water jacketed ammonia compressor installed in cold storage delivers 3
kg/min of ammonia with a enthalpy of 1670 kj/kg. At the suction line the enthalpy of ammonia
is 1465 Kj/kg. If the power input of the compressor is 16 kw, find the rate of heat transfer to the

water jacket. Changes in kinetic and potential energies may be neglected. [14] D



18. A reciprocating air compressor installed in a fertilizer factory takes in air at 1 bar and 20° C
and delivers at 6 bar. Calculate the work done, heat transfer and change in internal energy per kg
of air compressed if the compression process follows a) isothermal, b) reversible adiabatic and
c) polytropic pv!?® = constant. The change in potential and kinetic energies may be neglected.
[14] M
19. 1 kg of air at 3.5 bar and occupying 0.35 m® is heated at constant volume until its
temperature has risen to 316° C. Find (a) initial temperature of air, (b) the final pressure of air, (c)
heat added, (d) gain in internal energy per kg. Cv = 0.715 kj/kg k. [14] M
20. One kg of air having an initial volume of 0.3 m® is heated at constant pressure of 3.2 bar
until the volume is doubled. Find (a) heat added, (b) work done, (c) the initial and final
temperature of air. [14] M
21.a) Define first law of thermodynamics.
b) In athermodynamic cycle 1-2-3-4-5-6, the following results were tabulated. Fill in the blanks.

1-2 2-3 3-4 4-5 5-6 6-1
QKkj 6 - 3 5 -4 -
W Kj 3 -3 -9 - 8 4
AUK] - 4 - 7 - -
[4+10] M

22. a) Explain in detail the constant pressure gas thermometer.
b) The readings ta and tg of two Celsius thermometers A and B agree well point (0° C) and
steam point (100° C). At other points between these two, the temperatures are related by ta =
p+qts+rts?, where p, g, and r are constants. When the two thermometers are immersed in a well
stirred oil bath, while A reads 51, B reads 50. Determine what A reads when B reads 30.

[6+8] M
23. a) What are the advantages of gases over liquids as a thermometric substances.
b) During one cycle, the working fluid in an engine engages in two work interactions: 15 kj to
the fluid and 44 kj from the fluid, and three heat interactions, two of which are 75 kj of the fluid,
and 40 kj from the fluid. Evaluate the magnitude and direction of the third heat transfer.[6+8] S

24. a) Make a comprehensive energy analysis of the steam turbine




b) The gas leaving the turbine jet engine flows steadily into the jet pipe with enthalpy 960 kj/kg
and velocity 250 m/s. The exit from the pipe is at enthalpy 860 kj/kg and exhaust is in line with
intake. Neglecting heat loss from the system. Determine the velocity of gas leaving the pipe.
[6+8] M
25. A cylinder contains 0.115 m® of gas at 1 bar and 90°C. The gas is compressed to a volume
0.0288 m® and the final pressure being 5.67 bar. Calculate (i) mass of the gas (ii) The value of
index of compression (iii) Increase in internal energy and (iv) Heat transfer during the process.
[14] M

26. A system consists of 50 kg of copper block initially kept 5 m above the concrete floor and
both are at the same temperature. The copper block is allowed to fall. Find Q, W, AU, AKE,
APE and AE for the following conditions.

a) at the instant the block if about to hit the floor

b) just after the block has come to rest on the floor.

c) after enough heat has been transferred so that the block and floor are essentially at the
same temperature as they were initially. [14]1 D
27. In a piston-cylinder arrangement in which the system is air, calculate the quantity of heat
added to the cycle, when the cycle is complete by two processes: compression and expansion as
follows:

a) During compression process, piston does 20,0000 j of work on air while 80kj of heat
is rejected to the surrounding

b) During expansion process, air does 3,00,000 j of work on the piston. [14] D
28. The following data refer to a closed system which undergoes a thermodynamics cycle

consisting of four processes.

process Heat transfer Work transfer
1-2 Nil -1000
2-3 40,000 Nil
3-4 -4,000 -26,000
4-1 12,000 -1000

Show that the data is consistent with thr first law of thermodynamics and calculate:
a) Net rate of work output in KW.
b) Efficiency of the cycle




c) Change in internal energy for each process. [14] M
29. Inavessel, 10 kg of O is heated in a reversible, non-flow, constant volume process so that
the pressure of O is increased two times that of the initial value. The initial temperature is 20°C.
Calculate (a) the final temperature, (b) the change in internal energy, (c) the change in enthalpy
and (d) the heat transfer. Take R =0.259 Kj/kg K and Cy = 0.652 Kj/kg K for oxygen. [14] M
30. A system consists of stone having a mass of 10 kg and a bucket containing 200 kg of water.
Initially the stone and water are at the same temperature and then stone falls into water at a
height of 90 m. Calculate (i) the change in internal energy (ii) the change in kinetic energy (iii)
the change in potential energy, (iv) the heat transferred and (v) the work transferred for the
following cases:

a) At the instant the stone is about to enter the water

b) Just after the stone comes to rest in the bucket

c) Heat is transferred to the surroundings at such a rate that stone and water remain at a
temperature at which they were initially [14] D
31. Air enters a compressor at 10° Pa and 25°C having volume of 1.8 m3/kg and is compressed
to 5x10° Pa isothermally. Determine

(1) work done (ii) Change in internal energy (iii) Heat transfer. [14] M
32. A fluid system, contained in a piston and cylinder machine, passes through a complete cycle
of four processes. The sum of all heat transferred during a cycle is -349 kj. The system
completes 200 cycles per min.

Complete the following table showing the method for each item, and complete the net
work output in KW. [14] M
33. a) Explain in detail about constant volume gas thermometer.

b) Define a new temperature scale, say °M. At ice and steam poi t the temperature are 80°M and
300°M respectively. Correlate this with the centigrade scale. [6+8] S

34. a) Define and explain zeroth law of thermodynamics.

b) Two thermometers, one Centigrade and other Fahrenhiet immersed in a fluid read the same
numerical value. Find their temperature of the fluid expressed in °K and °R. [6+8] S

35. A certain thermometer using pressure as a thermometric property yields the values of
pressure, p as 1.9 and 6.8 at the ice and steam point respectively. The temperature of the ice and
steam point are assigned the number 32 and 212 respectively. Calculate the temperature



corresponding to p = 3, if the temperature T is expressed as T = a In + b where a and b are
constants. [14] M

36. a) Give the concept of temperature and differentiate between heat, temperature and internal
energy.

b) A gas having the equation of state PV = RT + b(T)p is expanded isothermally and reversibly
from an initial specific volume V1 to a final specific volume V2. Show that the work done per
unit mass of gas is

RT InV2 — b(T)/V1- b(T). [6+8] M

37. The readings ta and tg of two centigrade thermometers A and B agree at ice point(0°C) and
the steam point (100°C) but elsewhere are related by the equation ta= I+mtg+nts?> where I, m
and n are constants. When both thermometers are immersed in a well stirred oil bath A registers
51°C while B registers 50°C determine the reading on B when A reads 25°C. [14] M

38. A new temperature scale in °N is to be defined. The boiling and freezing points on this scale
are 400°N and 100°N respectively.

1. correlate this scale with the centigrade scale and Fahrenheit scale.

2. What will be the reading on new scale corresponding to 60°C. [14] M
39. The temperature t on a thermometric scale is defined in terms of a property p by the relation
t = alnp + b where a and b are constants. The temperatures of ice point and steam point are
assigned the numbers 32 and 212 respectively. Experiment gives values of p of 1.86 and 6.81 at
the ice point and steam point respectively. Estimate or evaluate the temperature corresponding
to a reading of p = 2.5 on the thermometer. [14] D
40. What do you mean by “perpetual motion machine of first kind — PMM 1?”
b) Air at 1.02 bar, 22°C, initially occupying a cylinder volume of 0.015 md, is compressed
reversibly and adiabatically by a piston to a pressure of 6.8 bar. Calculate

() The final temperature (ii) The final volume (iii) The work done [4+10] M



UNIT -3
1. a) Define Clausius inequality and prove it.
b) An engine operating on a Carnot cycle works with in temperature limits of 600 K and
300 K. If the engine receives 2000 Kj of heat, evaluate the work done and thermal
efficiency of the engine.
[6+8] S

2. In order to check the validity of second law of thermodynamics m: kg of water at temperature
Ty is isobarically and adiabatically mixed with my kg of water at temperature T2 (T1>T>).
Determine the change in entropy of the universe and find an expression for the same for equal
mass of water. Also prove that the change is necessarily positive. [14] M

3. The expansion of a perfect gas is so controlled that the pressure changes according to the law
P =aV +b where a and b are constants and V is the volume. The mass of gas is 1.4 kg and the
initial and final pressure are 6 bar and 2 bar respectively and the corresponding volumes of 0.2
and 0.6 m®. Assume y = 1.39 R = 0.28 kJ/kgK find (i) change in entropy /kg during the
expansion (ii) Maximum value of internal energy/kg reckoned from 0°C (iii) the net heat
removed or added during the cycle. [14] D

4. Show that when a perfect gas changes from a state Py, V1, T1 to another state P2, V2, T2. The
increase in entropy per unit mass if given by Sz2-S1 = CvInP2/P1 + CplnV2 V1. Find the value of
index n so that the gain of entropy during heating of the gas at constant volume between
temperatures t1 and t2 will be the same as that during an expansion according to the law PV" = K
between the same temperatures. Show also that the heat supplied/unit mass of gas will be the
same in each case. [14] D

5. 0.2 m® of air at 1 bar and 60°C is compressed to 0.05 m® according to the law PV*® = K. Now
the heat is added at constant volume until its pressure is 10 bar. Calculate the change in entropy
in each process undergone. [14] M

6. a) Show that the approximate change of entropy during a polytropic process equals the
quantity of heat transferred divided by the mean absolute temperature.

b) If 0.25 kg of air at pressure of 1 bar and temperature 20°C is compressed to a pressure of 8
bar according to the law PV1? = K. Calculate the following 1) initial and final conditions of the
gas 2) work interaction 3) heat interaction 4) change in entropy 5) approximate change in
entropy 6) % error if the entropy calculated by the approximate method Assume C, = 1.045 and
Cv=0.727 Kj/kg K. [6+8] D

7. One kg of air is compressed according to the law PV12® = Constant from a pressure of 1.03
bar and a temperature of 15°C to a pressure of 17 bar. Calculate (a) the temperature at the end of



compression, (b) the heat rejected or received by the air during the process and (c) the change in
entropy. Sketch the operation on T-S diagram. Compare the results if the compression process
is isothermal. [14] M

8. a) State and explain second law of thermodynamics.

b) 4 kg of air is compressed in a reversible steady flow polytropic process (PV1?°= C) from 1
bar and 30°C to 10 bar. Calculate the work input, heat transferred and the change in the entropy.
[6+8] S

9. a) Define entropy and show that it is a property of the system.

b) A gas undergoes a non-flow process according to the law P = 0.15/VV+2 bar, where V is
volume in m?. Calculate the change in enthalpy during the process if 20 kj of heat is rejected
from the system. The initial volume is 0.8 m®. [6+8] M

10. A certain process occurs in the following manner.
a) Addition of heat at constant volume so that the pressure rises from 6 bar to 15 bar.
b) Polytropic expansion PV*2 = C till the system reaches original temperature of 110°C
c) Isothermal compression till the system reaches original state.

Find (i) temperature at the end of constant volume process (ii) pressure at the end of polytropic
expansion (iii) change in entropy during each of the three stages per kg of air. [14] D

11. a) Show the equivalence of Clausius and Kelvin statement of second law.

b) A heat engine receives heat at the rate of 1500 kj/min and gives an output of 8.2 KW.
Determine (i) the thermal efficiency (ii) the rate of hear rejection. [7+7] S

12. a) What is the difference between the heat engine and the reversed heat engine

b) A domestic food refrigerator maintains a temperature of -12°C. The ambient air temperature
is 35°C. If heat leaks into the freezer at the continuous rate of 2 kj/s. Determine the least power
necessary to pump this heat out continuously. [6+8] M

13.a) Enumerate the conditions which must be fulfilled by a reversible process. Give some
examples of ideal reversible process.

b) Find the coefficient of performance and heat transfer rate in the condenser of a refrigerator in
kj/h which has a refrigeration capacity of 12000 kj/h when power input is 0.75 KW. [6+8] M

14 a) Give the following statements of second law of thermodynamics

(1) Clausius statement (i) Kelvin-Planck statement



b) A domestic food freezer maintains a temperature of -15°C. The ambient air temperature is
30°C. If heat leaks into the freezer at the continuous rate of 1.75 kj/s what is the least power
necessary to pump this heat out continuously. [6+8] M

15. a) Define heat engine, refrigerator and heat pump.

b) A house require 2x103 kj/h for heating in winter. Heat pump is used to absorb heat from cold
air outside in winter and send heat to the house. Work required to operate the heat pump is
3x10* kj/h. Determine

(1) Heat abstracted from outside
(i) Co-efficient of performance. [6+8] M
16. a) What is perpetual motion machine of the second kind?

b) An inventor claims that his engine has the following specifications

Temperature limits ........... 750°C and 25°C
Power developed .......... 75 KW
Fuel burned per hour.......... 39kg
Heating value of the fuel...... 74500 kj/kg
State whether his claims is valid or not. [4+10] S

17. a) Describe the working of a Carnot cycle.

b) A cyclic heat engine operates between a source temperature of 1000°C and a sink temperature
of 40°C. Find the least rate of heat rejection per KW net output of the engine. [7+7] S

18. a) Derive an expression for the efficiency of the reversible heat engine.

b) 300 kj/s of heat is supplies at a constant fixed temperature of 290°C to a heat engine. The heat
rejection takes place at 8.5°C. The following results were obtained

(1) 215 Kj/s are rejected (ii) 150 Kj/s are rejected (iii) 75 Kkj/s are rejected  [6+8] M
Classify which of the result report a reversible cycle or irreversible or impossible results.
19) a) Define what do you mean by the term entropy.

b) Air at 20°C and 1.05 bar occupies 0.025 m®. The air is heated at constant volume until the
pressure is 4.5 bar, and then cooled at constant pressure back to original temperature. Calculate

(1) The net heat flow from the air (i) The net entropy change

Sketch the process on T-S diagram. [4+10] M



20) 0.04 m® of nitrogen contained in a cylinder behind a piston is initially at 1.05 bar and 15°C.
The gas is compressed isothermally and reversible until the pressure is 4.8 bar. Calculate

(i) The change of entropy (ii) The heat flow (iii) The work done. Sketch the act of P-V and T-S
diagram. Assume nitrogen to act as a perfect gas. Molecular weight of nitrogen =28.  [14] D

21. a) Define entropy and show that it is a property of the system.

b) In Carnot cycle, heat is supplied at 350°C and rejected at 27°C. The working fluid is water
which, while receiving heat, evaporates from liquid at 350°C to steam at 350°C. The associated
entropy change is 1.44 Kj/kg K i) if the cycle operates on a stationary mass of 1 kg of water, find
the work done per cycle, and the heat supplied (ii) if the cycle operates in steady flow with a
power output of 20 KW, and determine the steam flow rate. [6+8] D

22) A reversible het engine operates between two reservoirs at temperature 700°C and 500°C.
The engine drives a reversible refrigerator which operates between reservoirs at temperature of
50°C and -25°. The heat transfer to the engine is 2500kj and the network output of the combined
engine refrigerator plant 400 kj. Determine the heat transfer to the refrigerant and the net heat
transfer to the reservoir. [14] M

23) 90 Kj of heat is supplied to a system at a constant volume. The system rejects 95 Kj of heat
at constant pressure and 18 Kj of work is done on it. The system is brought to original state by
adiabatic process. Determine (i) adiabatic work (ii) the values of internal energy at all end states
if initial value is 105 Kj. [14] M

24) a) What is a flow process and derive the steady flow energy equation.

b) The power developed by a turbine in a certain steam plant is 1200 KW. The heat supplied to
the steam in the boiler is 3360 Kj/kg the heat rejected by the system to cooling water in the
condenser is 2520 Kj/kg and the feed pump work required to pump the condensate back into the
boiler is 6 KW. Calculate the steam flow round the cycle in kg/s. [6+8] M

25) a) Derive the expression for heat transfer in the polytropic process.

b) 0.44 kg of air at 180°C expands adiabatically to three times its original volume and during the
process, there is a fall in temperature to 15°C. The work done during the process is 52.5 Kj/kg.
Calculate Cpand C.. [6+8] S

26) a) Define available energy and unavailable energy.

b) 1000 Kj of heat is supplied to a reversible cyclic engine at 327°C. The surroundings are at
27°C. Find the available energy and unavailable energy. [6+8] S



27) a) What do you mean by availability.

b) In a process where mercury is condensing at 327°C, transfer heat to 10 kgs of saturated water
evaporating at 227°C. The resulting steam is used to run reversible cyclic heat engine which
rejects heat at 27°C What is the amount of energy available what is the amount lost due to its
transfer from 327°C to 227°C. Take latent heat at 227°C is 1941 Kij/kg. [4+10] M

28) a) What is irreversibility

b) Hot gases at 5 kg/s in a furnace at 1027°C are cooled at constant pressure to 327°C by

transferring the heat to a reversible cyclic heat engine. If the surroundings are maintained at

27°C find the amount of energy available and unavailable. Take C, of gases = 1.1 Kj/kg K.
[2+12] M

29) A system at 500 K receives 7200 Kj/min from a source at 1000 K. The temperature of
atmosphere is 300 K. Assuming that the temperatures of system and source remain constant
during heat transfer find out (i) the entropy produced during heat transfer (ii) The decrease in
available energy after heat transfer. [14] D

30) Calculate the decrease in available energy when 20 kg of water at 90°C mix with 30 kg of
water at 30°C, the pressure being taken as constant and the temperature of the surrounding being
10°C. Take C, of water as 4.18 Kj/kg K. [14] M

31) a) Define the coefficient of volume expansion and isothermal compressibility.
b) Show that the equation of state of a substance may be written in the form

dv/v = -Kdp + BdT. [6+8] M
32) Derive the Maxwell relations and explain their importance in thermodynamics. [14] D
33) For the following given differential equations

du=Tds-pdv and dh=Tds + vdp

Prove that for perfect gas equation

(a—uj =0 and (a—hj =0

34) From the fundamentals of Maxwell’s relations prove that Cp— Cy = TB?V/K. [14]1 M

C
35) Write the various forms of Tds equations and hence prove Tds = W" dv + Cy %dp [14] M



36) a) State the limitations of first law of thermodynamics.

b) A cyclic heat engine operated between a source temperature of 900°C and a sink temperature
of 50°C. What is the least rate of heat rejection per KW net output of engine. [6+8] S

37) a) State and prove clausius inequality

b) A thermal energy source at 800 K loses 2000 K of heat to a sink at (i) 500 K and (ii) 750 K.
Determine which heat transfer process is more irreversible. [7+7] S

38) a) Show that the COP of heat pump is greater than the COP of a refrigerator by unity.

b) Prove that the efficiency of a reversible engine operating between two given constant
temperatures is the maximum. [7+7]S

39) a) Explain the concept of heat pump

b) A heat engine performs many cycles during which it develops 21 kj work and receives 85 kj
heat from the source. Evaluate the thermal efficiency and the heat rejected by the engine.

[6+8] S

40) a) State the Kelvin-Planck and Clausius statements of the second law of thermodynamics
and establish equivalence between them.

b) Determine the power required to run the refrigerator that transfers 2000 Kj/min of heat from a
cooled space at 0°C to the surrounding atmosphere at 27°C. The refrigerator operates on
reversed Carnot cycle. [7+7] S



UNIT -4

1. a) Describe the process of formation and give its graphical representation.
b) Steam enters an engine at a pressure 10 bar absolute and 250°C. It is exhausted at 0.2 bar.
The steam at exhaust is 0.9 dry. Find

(i) Drop inenthalpy (ii) Change in enthalpy. [6+8] D

2. a) Explain the difference between internal energy and enthalpy of wet and dry steam.
b) 2 kg of steam initially at a pressure of 12 bar and a temperature of 250°C expands
polytropically to 1.2 bar. Find

(i) Final condition (if) Work done (iii) Change in entropy, assume the index of
expansion as 1.25. [6+8] D

3. a) Explain with a neat diagram p-v-t surface
b) Find the enthalpy and entropy of steam when the pressure is 2 MPa and the specific volume is
0.09 m/kg [7+7] M

4. A vessel having a capacity of 0.05 m® contains a mixture of saturated water and saturated
steam at a temperature of 245°C. The mass of liquid present is 10 kg. Find the following

(i) The pressure (ii) The mass (iii) The specific volume (iv) The specific enthalpy (v) The
specific entropy (vi) The specific internal energy. [14] D

5. a) Explain the following terms relating to the steam formation

(i) Sensible heat of water (ii) Latent heat of steam. (iii) Dryness fraction of steam.
(iv) superheated steam
b) Determine entropy of 5 kg of steam at 2 MPa and 300°C, take specific heat of super heated
steam as 2.1 Kj/kg K. [8+6] M

6. a) Explain T-S diagram for a pure substance.
b) Find the dryness fraction, specific volume and internal energy of steam at 7 bar and enthalpy
2550 Kj/kg. [7+7] S

7. a) Why cannot a throttling calorimeter measure the quality if the steam is very wet.
b) Find the enthalpy, entropy and volume of steam at 1.4 MPa, 380°C using steam tables only.
[7+71 M

8. a) Explain the significance of triple point in case of pure substance.
b) Explain in detail the formation of steam with the help of T-H diagram indicating the salient
points. [7+7] M

9. Find the internal energy and enthalpy of unit mass of steam of a pressure of 7 bar

a) When its quality is 0.8

b) When it is dry and saturated

c) Superheated, the degree of superheat being 65°C. The specific heat of superheated
steam at constant pressure is 2.1 Kj/kg K. [14]1 M



10. a) Write a short note on Mollier chart.
b) Find the internal energy of one kg of steam at 14 bar the following conditions:
a) When steam is 0.85 dry
b) When steam is dry and saturated
¢) When the temperature of the steam is 300°C. Take Cps = 2.25 Kj/kg K [4+10] M

11. a) Draw a neat sketch of throttling calorimeter and explain how dryness fraction of steam is
determined. Clearly explain its limitations.

b) Find the dryness fraction, specific volume and internal energy of steam at 7 bar and enthalpy
2600 Kj/kg. [7+71 M

12. a) Describe with a neat sketch a separating-throttling calorimeter for measuring the dryness
fraction of steam.

b) Find the specific volume, enthalpy and internal energy of wet steam at 18 bar, dryness
fraction 0.85. [7+7] M

13. a) Draw and explain P-T diagram for a pure substance.
b) Determine the amount of heat, which should be supplied to 2 kg of water at 25°C to convert it
into steam at 5 bar and 0.9 dry. [7+7] S

14. a) What is a triple point. Explain.

b) What amount of heat would be required to produce 4.4 kg of steam at a pressure of 6 bar and
temperature of 250°C from water at 30°C. Take specific heat for super heated steam as 2.2 Kj/kg
K. [6+8] S

15. a) Explain briefly the following processes as applied to steam.
(1) Isentropic process (ii) polytropic process (iii) throttling
b) Using steam tables, determine the mean specific heat for superheated steam:
(i) at 0.75 bar between 100°C and 150°C
(ii) at 0.5 bar, between 300°C and 400°C [6+8] M

16. a) Define dryness fraction and with a neat sketch explain any one method of measuring it .
b) Calculate the amount of heat supplied to a boiler to generate 10 kg/s of steam at a pressure of
10 bar and 0.95 dry if the water is supplied to if at 30°C and at same pressure. [7+7] S

17. A closed vessel of 1.5 m® capacity contains steam at 3 bar and 0.8 dryness fraction. Steam at
10 bar and 0.9 dryness fraction is supplied until the pressure inside the vessel reaches 5 bar.
Calculate the mass of steam supplied and the final condition of steam in the vessel. [14] D

18. a) Define critical point and triple point.

b) In a throttling calorimeter the pressure of the steam measure before and after throttling are 16
bar and 1 bar respectively. Find the dryness fraction of steam before passing through the
calorimeter if the temperature after throttling is 150°C. Assume C, for superheated steam at 1
bar is 2.1 Kj/kg K. [6+8] M



19. Calculate the state of steam i.e. whether it is wet, dry or superheated for the following cases:
(i) Steam has a pressure of 15 bar and specific volume of m®/kg.
(ii) Steam has a pressure of 10 bar and temperature 200°C.
(iii) Steam has pressure of 30 bar and if 2700 kj/kg of hat is required to generate steam.
[14] M

20. Two kg of steam at a pressure of 20 bar exists in the following conditions
(1) wet steam with a dryness fraction of 0.9
(if) dry and sarurated steam
(iii) super heated steam with temperature 250°C.
Calculate (a) enthalpy (b) volume (c) entropy and (d) internal energy
Assume C,, = 2.302 kj/kg K for superheated steam. [14] M

21. a) Draw and explain a P-T diagram for a pure substance.
b) Dry and saturated steam at 12 bar expands in cylinder to 2 bar having 0.8 dryness fraction
according to the law PV" = ¢. Calculate (a) The index of expansion and (b) work done. [7+7] S

22. Find the internal energy of 1 kg of steam at 20 bar when

(i) it is superheated, its temperature being 400°C

(i) it is wet, its dryness being 0.9

Assume superheated steam to behave as a perfect gas from the commencement of
superheating and thus obeys Charles’s law. Specific heat for steam = 2.3 kj/kg K. [14] D

23. 1000 kg of steam at a pressure of 16 bar and 0.9 dry is generated by a boiler per hour. The
steam passes through a super heater via boiler stop valve where its temperature is raised to
380°C. If the temperature of feed water is 30°C , determine:

() The total heat supplied to feed water per hour to produce wet steam

(i) The total heat absorbed per hour in the super heater.

Take specific heat for superheated steam as 2.2 kj/kg K. [14] D

24. A pressure cooker contains 1.5 kg of saturated steam at 5 bar. Find the quantity of heat
which must be rejected so as to reduce the quality to 60% dry. Determine the pressure and
temperature of the steam at the new state. [14] D

25. a) Steam at 150 bar has an enthalpy of 3309 kj/kg, find the temperature, the specific volume
and the internal energy.

b) Steam at 19 bar is throttled to 1 bar and the temperature after throttling is found to be 150°C.
Calculate the initial dryness fraction of the steam. [7+7] S

26. Steam at 18 bar and 0.95 dry is throttled to 14 bar and passed to an engine which expands it
isentropically to 0.3 bar and exhausts at this pressure. Determine (a) entropy per kg of steam
entering the engine (b) the steam consumption of the engine in kg/kwh, (c) the thermal energy
per kg of steam leaving the boiler. Use mollier chart. [14] D
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