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THERMODYNAMICS

Course Objectives:

To impart the knowledge of the thermodynamic laws and principles so as to enable the student
to prepare an energy audit of any mechanical system that exchange heat and work with the
surroundings.

UNIT - |

Introduction: Basic Concepts : System, boundary, Surrounding, Universe, control volume,
Types of Systems, Macroscopic and Microscopic viewpoints, Concept of Continuum,
Thermodynamic Equilibrium, State, Property, Process - Reversible, Quasi static & Irreversible
Processes, cycle, Causes of Irreversibility. Energy in State and in Transition - Types, Work
and Heat, Point and Path function.

Zeroth Law of Thermodynamics — Concept of Temperature — Principles of Thermometry —
Reference Points — Const. Volume gas Thermometer — Scales of Temperature.

UNIT — 11

Joule’s Experiments — First law of Thermodynamics — Corollaries — First law applied to a
Process — applied to a flow system —Energy balance for closed systems-Specific heats-
Internal energy, Enthalpy and Specific heats of Solids, liquids and ldeal gases, Some steady
flow energy equation applied to Nozzle, Turbine, Compressor and heat exchanger devices,
PMM-I.

UNIT I

Limitations of the First Law — Thermal Reservoir, Heat Engine, Heat pump, Parameters of
performance, Second Law of Thermodynamics, Kelvin-Planck and Clausius Statements and
their Equivalence, Corollaries, PMM of Second kind, Carnot cycle and its specialties,
Carnot’s theorem, Thermodynamic scale of Temperature.

Clausius Inequality, Entropy, Principle of Entropy Increase, Availability and Irreversibility
(Basic definitions) — Thermodynamic Potentials, Gibbs and Helmholtz Functions, Maxwell
Relations — Elementary Treatment of the Third Law of Thermodynamics.

UNIT IV

Pure Substances, P-V-T- surfaces, T-S and h-s diagrams, Mollier Charts, Phase
Transformations — Triple point and critical point, properties during change of phase, Dryness
Fraction — Clausius — Clapeyron Equation, Property tables. Various Thermodynamic
processes and energy Transfer — Steam Calorimetry.

UNIT -V

Ideal Gas equation of state- Compressibility factor- VVan der Waals equation of state- Beattie-
Bridgeman equation of state- Benedict-Webb-Rubin equation of state- Viral equation of state-
compressibility charts — variable specific heats .

Mixtures of perfect Gases — Dalton’s Law of partial pressure, Avogadro’s Laws of additive
volumes- Equivalent Gas constant and Molecular Internal Energy, Enthalpy, Specific Heat
and Entropy of Mixture of Perfect Gases and Vapour.
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Psychrometric Properties — Dry bulb Temperature, Wet Bulb Temperature, Dew point
Temperature, Thermodynamic Wet Bulb Temperature, Specific Humidity, Relative Humidity,
Saturated Air, Vapour pressure, Degree of saturation — Adiabatic Saturation , Carrier’s
Equation — Psychrometric chart.

IEXT BOOKS:
1. Engineering Thermodynamics, PK Nag 6" Edn, McGraw Hill.
2. Fundamentals of Thermodynamics — Sonntag, Borgnakke, Van Wylen, 6" Edn, Wiley

REFERENCES:

. Thermodynamics by Prasanna Kumar, Pearson Publishers

. Engineering Thermodynamics — Jones & Dugan PHI

. Thermodynamics, an Engineering Approach, Yunus A Cenegel, Michael A Boles, 8" Edn
inS1 Units, McGraw Hill.

. Thermodynamics — J.P.Holman , McGrawHill

. An Introduction to Thermodynamics - Y.V.C.Rao — Universities press.

. Thermodynamics — W.Z.Black & J.G.Hartley, 3" Edn Pearson Publ.

. Engineering Thermodynamics — D.P.Misra, Cengage Publ.

. Engineering Thermodynamics — P.Chattopadhyay — Oxford Higher Edn Publ.
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COURSE OUTCOMES:

After undergoing the course the student is expected to learn

CO1: Basic concepts of thermodynamics

CO2: Laws of thermodynamics

COa3: Concept of entropy

CO4: Property evaluation of vapors and their depiction in tables and charts
CO5: Evaluation of properties of perfect gas mixtures.
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. Contact .
Course Title Year-Sem Branch Periods/Week Sections
THERMODYNAMICS 2-1 Mechanical engineering 6 -

COURSE OUTCOMES: Students are able to

1. To impart the knowledge of the thermodynamic laws and principles so as to enable the student to prepare an energy
audit of any mechanical system that exchange heat and work with the surroundings..(K1)

2. Understand the concept of first law of thermodynamics K2)
3. Analyze the problems on second law of thermodynamics. (K4)
4. Determine the parameters of heat engine and refrigerators.(K3)
5. Estimate work and heat transfer parameters.(K2)
Unit/ Number :
: . Total Book Delive
Kclem Outcomes Topi |?ifd periods Refer ry
o ¢ periods e nce Metho
d
CO1: Identify the Title of the Chapter : Fundamental Concepts &
unique- vocabulary Definitio_ns - Chalk
associated with 1.1 | Explain the basic concepts of 4
1 thermodynamics ~ and thermodynamics such as system, & Talk,
Explain  the basic state, state postulate, eijqumllarlum, PPT,
concepts of pr_op_ertle_s, process and cycle T1 Activ
thermodynamics  like 1.2 | Distinguish between Open, Closed 4 15 ' e
system, properties, and lIsolated systems, Microscopic R1 Learni
equilibrium, pressure, and _Macroscoplc _ approach_es,
specific volume, Intensive and Extensive properties ng
temperature, zeroth law{ 1 3 |Define zeroth law —off &
of  thermodynamics, thermodynamics and explain the Tutorial
temperature concept of pressure, temperature,
measurement and specific volume and temperature
temperature scales. scales.
14
Apply the above concepts to solve
simple engineering problems
. i Title of the Chapter : Work and
gggztlc—i);(plam the Heat, p 15 Chalk &
thermgdynamic work. First Law of thermodynamics for Talk,
Calculate and compare closed systems Active
work in case of a closed : : Learning
2 lsystem executing 2.1 | Derive an ~ expression for 4 T1, R1& _
different thermodynamic  work at the Tutorial
thermodynamic moving boundary of a simple
processes or different compressible system :
thermodynamic cycles, | 2-2 | Calculate and compare work in 4
State and apply the first case of a system executing a
law of thermodynamics thermodynamic ~ cycle  with
different combinations of




for closed and open thermodynamic processes and
systems undergoing suggest the most economical
different cycle
thermodynamic 2.3 | Calculate work in case of a 2
processes. Evaluate the system executing various
performance of steam thermodynamic  processes that
power plants, involve either ideal gas or pure
refrigeration plants and substance as working fluid
their components using | 2.4 | Apply the first law  of 2
the first law of thermodynamics for a closed
thermodynamics for system executing a
open systems thermodynamic  process and
calculate change in internal
energy or work transfer or heat
transfer in typical engineering
problems that involve either ideal
gas or pure substance as working
fluid
2.5 | Explain the development of 2
concept of enthalpy, calculate
enthalpy of pure substances &
ideal gases knowing  two
independent properties and apply
it in solving problems that involve
thermodynamic processes
2.6 | Define constant pressure and 1
constant volume specific heats &
Obtain expressions for enthalpy
change and internal energy
change of ideal gases from the
conclusions drawn from Joule’s
experiment
Title of the Chapter : Second law of thermodynamics
CcO3: 3.1 | Explain the limitations of first law 4
State and apply the of thermodynamics,
first law of 10
thermodynamics for T1, Chalk &
E)I/(;i:%ﬂ?wgsfgnoing 3.2 | State & explain Kelvin-Planck & 4 R1 Talk,
different Clausius statements of second law Active
thermodynamic of _thermodynamlcs, Prove the Learnin
orocesses. Evaluate the equivalence of two statements of earning
' second law &
performance of steam — .
power plants, 3.3 | Apply the efficiency and COP 2 Tutorial
refrigeration plants and expressions c_)f Carnot c_ycle_to
their components using solve typical engineering
the first law of problems
thermodynamics for
open systems
Title of the Chapter : Properties of pure substances
llustrate the T-v, P-T diagrams and P-v-{ 4
4.1 T surf f bst
CO4: Distinguish surfaces of pure substances.
between ideal gas and T1, R1




pure substance. 3

Calculate 4o | Analyze the processes on T-v Chalk

thermodynamic ' diagrams to  solve  advanced 10 &

p;(iﬂertlesdusmg tables engineering problems Talk,

ot thermodynamic Explain the compressibility factor '

properties and analyze 4.3 ang)compressibilit P o Y. 3 Active
y chart for nitrogen Learnin

the processes on T-v & Conclude from this chart as to

diagrams to sc_)lve . when the ideal gas equation can be g &

advanced engineering applied and when real gas equation is Tutorial

problems applicable

CO5: Title of the Chapter : Ideal Gas 1

Quantify the second equation of state- Mixtures of Chalk

law of perfect Gases &

5 thermodynamics for a Talk,
cycle by establishing | 51 | Calculate entropy changes that take Active
the inequality of place during processes for pure 10 T1, R1 Learnin
Clausius. Apply the substances and ideal gas
inequality of Clausius | 5.2 Establish the increase of entropy] 2 g & )
and establish the principle._ Apply the same to evalua‘_[e Tutorial
property entropy of a tt:gcegesasmlllty of a thermodynamic
system. Derive and pMixtures of perfect Gases
apply principle of 5.3 P 1
increase of entropy to | 5.4 | Low Pass Filter, High Pass Filter, 3
evaluate the feasibility Band Pass Filter, Band Elimination
of a thermodynamic Filter, m-Derived Filter, Composite
process. filters

5.5 | Design of Filters 2

5.6 | Problemson Filters 1
TOTA|60

L

LIST OF TEXT BOOKS AND AUTHORS

Text Books:
T1. Engineering Thermodynamics, PK Nag 6th Edn , McGraw Hill.
T2. Fundamentals of Thermodynamics — Sonntag, Borgnakke, Van Wylen, 6th Edn, Wiley

Reference Books:

R1. Thermodynamics -RK rajput

R2. Engineering Thermodynamics — Jones & Dugan PHI.

R3. Thermodynamics, an Engineering Approach, Yunus A Cenegel, Michael A Boles, 8th Edn inSI Units, McGraw Hill.
R4. Thermodynamics — J.P.Holman , McGrawHill

R5. An Introduction to Thermodynamics - Y.V.C.Rao — Universities press.

Faculty Member Head of the Department PRINCIPAL
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Unit 1
1.(a) What are the differences between system and control volume, Explain different types of
systems with examples.
(b) Agasundergoesa reversible non-flow process according to the relation P = (-15V+17)
where V.is the volume in m? and P is the pressure In bar. Determine the work done when
the volume changes from 2.8 to 5.6 m>.
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1.(a) Differentlate between Macroscopic Microscopic view points from thermodynamics.
(b) A gas expands according to the equation PV =98, where P Is the pressure in kPa and V is the
specific volume in m® /kg. The Initial pressure of the gas Is 993 kPa and the final pressure is
488 kPa. The gas Is then heated at constant volume back to its original pressure of 993 kPa.
Determine the work of the combined process. Also sketch the process on P-V and T-5-

y coordinates.
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1. (a) What are different types of thermodynamic systems ? Explain them with suitable examples
(b) A fluid contained in a horizontal cylinder fitted with a frictionless leak-proof piston, Is
continuously agitated by means of a stirrer passing through cylinder cover. The cylinder
diameter Is 0.4 during the stirring process lasting 10 minutes, the piston moves out a distance
of 0.485 m against a atmosphere. The net work done by the fluid during the process is 2 Kj.
The speed of the electric motor driving the stirrer is 840 rpm. Determine torque in the shaft

and power output of the motor.
@) A Thermodynemic  syfem & dolined a5 a Coskaim Gusmittly d omdler @ a precst bed
Nugion I Gpate cosidured for Harmodymomic shady GO we foous O dtentfor 42 Bhudyy
W prepak®. The shudy Swyolve chmggmp'q:aﬂu olutbequ.wh‘m'f"m
G dust and WAK. The Aysto magbe o quantiy @ Sream, amixbure @ vepasr omd §3,

) clded Syt - O clded Syyim, tre ot 4 fad . Thoe s i
J:lmos;nois{-m‘;t:c?ﬂéw? brumda¥i’ed; but emengy-

tyon iy nte (00 out Q- Systom InfAIm@ haat o q-,___._g!, &

Eh b Heakivy *ﬁsof““%”“*u%fwcn;fuﬁaw%w =

L@ efearn pober plant(0) chfed Giok Gmp hirbone poREplhn | o

@ OPeN sysrerft— O open Syshom Toeth ot and ey g syen|

boundaai g ey Mol out- 1H¢.d-4'n

cldpd Syt

An
““5%”

EXpprlas Ty by ond mat;& |
BDwda fule betlex Ph‘ﬂ-ﬁ{-:::j‘. ,-_,(_,;ﬂ‘_" " open SYSTEM

;.s*‘ﬁ' _
® osoated qypen.: on o8z Sybon, TR 04 vether O ol —-
e ) Arneles acrdl w_@m%b %d‘ﬂ '

SHB) ek > Nelisphtnt'— Mpmddh = 2600 -
Wpdisx SNT. - 2AACANNT - 9794 T—O 3—,

badgpber .y BAL Corsrmaf) g=(o- 5"@":&27'(-3_@'
Wd- bp> 2000 5 LITY2-87948T> o AW
et e NS e vrsth
S St -

-

1. (a) What do you by a st cl:ian ath functlon
(b) i a2 gas-of volume 6000cm>-and at-a pressure of 100 kPa ,is eompresseclquaslstatically to
PV3=Constant untl the volume becomes 2000 cm®.Calculate the final pressure the work

transfer. .
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2. (a) ‘Define First law of Thermodynamics and Wh-at are the limitations of first law of
thermodynamics?
(b) A nozzle recelves 1200 kg/hr of steam at 1.3 MN/m?, specific volume 142lit/kg, interqal
energy 4400 ki/kg and negligible speed .At the exit ,the pressure is 100 kN/m?,specific
volume 1660 lit/kg and internal energy 2200 kJ/kg. Calculate the exit w_zloclty of the steam.
0O - Fgk lur sty that “had and WK o matually mvertibl - S Gom be alio 3182 that- og Gheatter
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2. (a) What is the Zeroth law of Thermodynamics? Explain how It Is applied for the measurement
of temperature.
(b} Define the thermometric property? Explain the working of constant volume thermometer.
v { ¢) Establish the correlation between Centlgrade and Fahrenheit Scale
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. 2. A cylinder contains 0.115 m? of gas at 1 bar and 90°C. The gas is compressed to a uulumeé . T m’the
final pressure being 5.67 bar. Calculate -0288
(1) The mass of the gas

(il) The value of index of compression

Take , ¥~ 1-4 ; R= O3 3 | vk -
(1if) The increase in Internal energy of the gas

Tev-% 7 %> 55
(iv) The heat transferred during the process = -
_ If, after above compression, the gas is to be cooled at constant pressure to its original temperature of
90°%, find the work of compresslon required '
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2. (a) Derive the steady flow energy equations for steam turbine and rotary compressor.

(b) The gas leaving the turbine Jet engine flows steadily In to the et pipe with enthalpy 800
ki/kg and v

elocity 123 m/s. The exit from the pipe Is at enthalpy 450 ki/kg, and exhaust in
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Code No: R1921035 R19 SET -1

II B. Tech I Semester Regular Examinations, March - 2021
THERMODYNAMICS
(Com to ME, AME)
Time: 3 hours Max. Marks: 75

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks

1 a) What is a thermodynamic system? Explain different classes of systems with [8M]
suitable examples.
b) Compare macroscopic and microscopic approaches in thermodynamic studies? [7TM]
Or
2 3 Whatisa quasi-static process with example? [8M]
b) The properties of a closed system will change following the relation between [7TM]

pressure and volume as PV = 3.0 where P is in bar, V is in m3. Calculate the
work done when the pressure increases from 1.5 bar to 7.5 bar.
3 Write down the general equation for steady flow systems and simplify when  [15M]
applied for the following systems:
(a) Steam turbine.
(b) Steam nozzle.
(c) Centrifugal compressor.
(d) Condenser.

Or

Define the first law of thermodynamics? [SM]

b) A heat engine receives heat at the rate of 1500 kJ/min and gives an output of 8.2  [10M]
kW. Determine:
(i) The thermal efficiency.
(i1) The rate of heat rejection
5 a) Define Carnot efficiency and which is the more effective way to increase the [8M]
efficiency of a Carnot cycle: to increase T; keeping T, constant; or to decrease
T,, keeping T; constant? Where T, is upper temperature and T, is lower

temperature.
) Discuss the significance of Gibbs and Helmholtz functions. [7M]
Or
6 a) Pprove that entropy is a property of a system. [7M]
b) 5 kg of air at 550 K and 4 bar is enclosed in a closed system. [8M]

(i) Determine the availability of the system if the surrounding pressure and
temperature are 1 bar and 290 K respectively.
(i1) If the air is cooled at constant pressure to the atmospheric temperature,
determine the availability
7 a) A mass of wet steam at temperature 165°C is expanded at constant quality 0.8 to [8M]
pressure 3 bar. It is then heated at constant pressure to a degree of superheat of
66.5°C. Find the enthalpy and entropy changes during expansion and during
heating. Draw the T—s and h—s diagrams.
b) Explain about phase transformation and various properties involved during [7TM]
phase change?

Or
1of2
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8 ) Discuss about triple point & critical point. [7M]
b) A pressure cooker contains 1.5 kg of saturated steam at 5 bar. Find the quantity [8M]
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.
9 2 Explain about adiabatic mixing of perfect gases. [7M]

b) A mixture of hydrogen (H) and oxygen (O,) is to be made so that ratio of H, to [8M]
0O, is 2:1 by volume. If the pressure and temperature are 1 bar and 25
respectively, calculate:
(1) The mass of O, required.
(i1) The volume of the container

Or

10 a) Explain about compressibility charts. [7M]

b) Explain the following [8M]
i)Heating and humidification
ii) Cooling and dehumidification.

20f2
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II B. Tech I Semester Regular Examinations, March - 2021
THERMODYNAMICS
(Com to ME, AME)
Time: 3 hours Max. Marks: 75

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks
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12 Briefly discuss about the work and heat transfer. [8M]

b) A Gas of volume 6000CC at a pressure of 100 kPa is compressed quasi statically [7TM]
according to PV? = aconstant until the volume becomes 2000CC. Determine the
final pressures and work transfer.

Or
2 a) Show that work is a path function and not a property. [7M]
b) A gas under goes two processes: Process 1-2 expansion from pressure P1 = 340 [8M]
kPa and volume V1 = 0.0425 m’ to pressure P2 = 136 kPa, during which the P-V
relation is given by PV2 = constant. Process 2-3 constant pressure compression
to volume V3 = V1. Sketch the processes on a P-V diagram and determine the
work done.
3 2 Apply first law to a process and a cycle. [8M]
b) A cyclic heat engine operates between a source temperature of 800°C and a sink [7TM]
temperature of 30°C. What is the least rate of the heat rejection per kW net
output of the engine?
Or
4 2 Define internal energy and prove that it is a property of the system. [7M]
b) A system executes a cyclic process during which there are four transfers of heat [8M]
as given below: Qi = 880 kJ; Q23 = 100 kJ; Q34 = -720 kJ; Q4.1 = 200 kJ. The
work transfers during the processes are given as: W, = 60 kJ; W3 = -40 kJ;
W3_4 = 80 kJ. Find W4_1.
S a) Explain in detail about Clausius inequality. [7M]
D)  Derive the Maxwell relations. [8M]
Or
6 a) Explain the working of car not cycle and derive the expression for its thermal [8M]
efficiency.
D) Define about thermal reservoir and heat engine performance parameters? [7M]
72 Derive Clausius Clapeyron equation [8M]

b) Using Clausius Clapeyron equation, estimate the enthalpy of vaporization at 220 [7TM]
saturation temperature. Take the following data Ts = 220°, vg = 0.086 m" /kg,
vf =0.001109 m3 /kg, (dP/dT) = 52 kPa/K.

Or

8 a) A rigid vessel of capacity 0.2 m’ holds 10 bar steam at 250"C. The vessel is [8M]
slowly cooled till the steam pressure drops to 3.5 bar. Determine the (i) final
temperature and dryness fraction of steam; (ii) change in entropy.

b) [7M]

Define critical-point phase transformation?
1of2
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9 a) A mixture of ideal gases consists of 3 kg of nitrogen and 5 kg of carbon dioxide [10M]
and at a pressure of 300 KPa and temperature of 20° C. Find (i) the mole fraction
of each constituent,

(ii) the equivalent molecular weight of the mixture,

(iii) the equivalent gas constant of the mixture,

(iv) the partial pressures and partial volumes,

(v) the volume and density of mixture, and

(vi) the Cp and Cv of the mixture. If the mixture is heated at constant volume to
40° C, find the changes in internal energy, enthalpy and entropy of the mixture.
If heating is done at constant pressure, calculate the changes in internal energy,
enthalpy and entropy of the mixture. Take ¥ for CO, and N, to be 1.286 and 1.4

respectively.
D) State van-der-Waals equation of state? [SM]
Or
10 a) Explain about adiabatic mixing of perfect gases. [7M]
D) State Dalton’s law of partial pressures and Avogadro’s laws of additive volumes. [8M]
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II B. Tech I Semester Regular Examinations, March - 2021
THERMODYNAMICS
(Com to ME, AME)
Time: 3 hours Max. Marks: 75

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks
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I 2) whatisa system? Explain different types of systems with example. [8M]
b) Explain the zeroth law of thermodynamics with neat sketch. Explain how it is [7TM]
important in establishing the temperature scale?
Or
2 2 Explain the working of constant volume gas thermometer. [7M]
b) A three process cycle operating with nitrogen as the working substance has [8M]
constant temperature compression at 34°C with initial pressure 100 kPa. Then
the gas undergoes a constant volume heating and then polytropic expansion with
1.35 as index of expansion. The isothermal compression requires -67 kJ/kg of
work. Determine
i) pressure, volume and temperature around the cycle
ii) Heat in and out
iii) Net work For Nitrogen gas CX=0.7431 kJ/kg-K.
3 2 Explain Joule’s experiment? [7M]
D)  Derive the steady flow energy equation and apply it to a Heat exchanger? [8M]

Or

4 a) At the inlet to a certain nozzle the enthalpy of fluid passing is 2800 kJ/kg and  [10M]
velocity is 50 m/s. At the discharge end the enthalpy is 2600 kJ/kg. The nozzle is
horizontal and there is negligible heat loss from it.(10m)

@) Find the velocity at exit of the nozzle.

(i1) If the inlet area is 900 cm® and specific volume at inlet is 0.187
m3/kg find mass flow rate.

(i) If the specific volume at the nozzle exit is 0.498 m’ /kg, find the exit

area of the nozzle.

D) Write the corollaries of first law of thermodynamics? [SM]
5 a) Egtablish the equivalence of Kelvin- Planck and Clausius statements. [7M]
D) Discuss about Carnot theorem with neat diagram. [(8M]

Or
6 ) Prove that entropy is a property of a system. [7M]
b) 1 kg of air initially at 8 bar pressure and 380 K expands polytropically (pv1.2 = [8M]

constant) until the pressure is reduced to one -fifth value. Calculate:
(i) Final specific volume and temperature.
(i1) Change of entropy, work done and heat interaction.
(ii1) Change in entropy.
1of2
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7 a)  Sketch the H-S and P-T diagram of a pure substance. [7M]
b) Describe with a neat sketch, separating throttling calorimeter for measuring the [8M]
degree fraction of steam.
Or
8 a) A large, insulated vessel is divided into two chambers one containing 5 kg of dry [7TM]

saturated steam at 0.2 MPa and the other 10 kg of steam, 0.8 quality at 0.5 MPa.
If the partition between the chambers is removed and the steam is mixed
thoroughly and allowed to settle, find the final pressure, steam quality and
entropy change in the process.

b) Draw the phase equilibrium diagram for a pure substance on T-s plot with [8M]
relevant constant property lines.
9 a) A gaseous mixture consists of 1 kg of oxygen and 2 kg of nitrogen at a pressure [8M]

of 150 kPa and a temperature of 20°C. Determine the changes in internal energy,

enthalpy and entropy of the mixture when the mixture is heated to a temperature

of 100°C (i) at constant volume and (ii) at constant pressure..

b) Define the following [TM]
(i) Thermodynamic wet bulb temperature
(i1) Specific humidity
(iii)Saturated air
Or

10 2)  State and prove Avogadro’s law of additive volumes.. [8M]

b) Atmosphere air at 1.0132 bar has a dbt of 32°C and wbt of 26°C, compute i) the [7TM]
partial pressure of water vapour, ii) specific humidity, iii) dew point
temperature, iv) relative humidity, v) degree of saturation, vi)density of air in the
mixture, vii) density of vapour in the mixture, vii) enthalpy of the mixture.

20f2
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II B. Tech I Semester Regular Examinations, March - 2021
THERMODYNAMICS
(Com to ME, AME)
Time: 3 hours Max. Marks: 75

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks
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Explain quasi — static process? What is its characteristic feature? [8M]

b) Which property of a system increases when heat is transferred. [7TM]
1). at constant volume,
ii).at constant pressure.

Or

2 a) Amassof 1.5 kg of air is compressed in a quasi-static process from 0.1 MPa to 0.7 MPa [8M]
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.

Show that work is a path function and not a property [7M]

Define internal energy. How is energy stored in molecules and atoms? [7M]

b) A gas of mass 1.5 kg undergoes a quasi-static expansion which follows a relationship [8M]
p=a+ bV, where a and b are constants. The initial and final pressures are 1000 kPa and
200 kPa respectively and the corresponding volumes are 0.20 m’ and 1.20 m’. The
specific internal energy of the gas is given by the relation: u = 1.5 pv — 85 kl/kg. Where
P is the kPa and V is in m’ /kg. Calculate the net heat transfer and the maximum internal
energy of the gas attained during expansion.

Or

4 a) Distinguish between reversible process and cyclic process. Write the causes of [7TM]
irreversibility?

b) [8M]

Derive the steady flow energy equation and apply in to steam nozzle and turbine.

5 a) A reversible heat engine operates between two reservoirs at temperatures of 600°C and [10M]
40°C. The engine drives a reversible refrigerator which operates between reservoirs at
temperatures of 40°C and -20°C. The heat transfer to the engine is 2000 kJ and the net
work output of the combined engine-refrigerator plant is 360 kJ.

(i) Evaluate the heat transfer to the refrigerant and the net heat transfer to the
reservoir at 40°C.
(i) Reconsider (i) given that the efficiency of the heat engine and the COP of the
refrigerator are each 40% of their maximum possible value.

b) [5M]

Explain about heat engine and heat pump

Or

6 a) What is the absolute thermodynamic temperature scale? Show that a definite point [8M]
exists on the absolute temperature scale but that this point cannot be reached without the
violation of the second law.

b) [TM]

Write the Maxwell’s equations and derive the first and second Tds equations.

1of2



Code No: R1921035 R19 SET - 4

7 a) Why cannot a throttling calorimeter measure the quality if the steam is very wet? [8M]
How is the quality measured then?
b) A steam boiler initially contains 5 m® of steam and 5 m’ of water at 1 MPa. [TM]

Steam is taken out at constant pressure until 4 m® of water is left. What is the
heat transferred during the process?

Or
8 a) Describe with a neat sketch, separating throttling calorimeter for measuring the [8M]
degree fraction of steam?
b) Explain the properties during phase-change? [7M]

9 a) Define Compressibility factor ‘Z’. Discuss the significance of the [7TM]
compressibility factor.

b) Explain Beattie — Bridgeman equation of state? [8M]
Or
10 a) Derive the expressions for the internal energy and specific heats for mixtures of [7TM]

ideal gases.

b) Explain Psychometric properties of atmospheric air. [8M]
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I B. Tech II Semester Regular Examinations, September- 2021
THERMODYNAMICS
(Only ME)
Time: 3 hours Max. Marks: 70
Answer any five Questions one Question from Each Unit
All Questions Carry Equal Marks

1 a) What is a thermodynamic system? Explain different classes of systems with (7M)
suitable examples.
b) A balloon is filled with air (200 kPa and 300K) such that it becomes as sphere of (7M)
diameter 1m. It is then gradually heated till the pressure rises to 500 kPa.
Determine the amount of work done during the process, assuming that the pressure
inside the balloon is proportional to the diameter of the balloon.
Or

2 a) Discuss exact and inexact differentials. (7T™M)

b) Explain what do you understand by concept of continuum? How will you define (7M)
density and pressure using this concept?

UNIT-1I

3 a) State the first law of thermodynamics and prove that for a non-flow process, it (7M)
leads to the energy equation.

b) Explain joule’s Experiment. (TM)
Or
4 a) Define internal energy and prove that it is a property of the system. (TM)

b) A system executes a cyclic process during which there are four transfers of heat as (7M)
given as follows: Q> = 880 kJ; Qp3 = 100 kJ; Q34 = -720 kJ; Q4 = 200 kJ. The
work transfers during the processes are given as: Wy, = 60 kJ; Wy3 = -40 kJ; W34 =
80 kJ. Find Wy;.
UNIT-III

5 a) Given an expression for entropy changes for an open system. 5M)

b) An ice plant working on a reversed Carnot cycle heat pump produces 15 ton of ice (IM)
per day. The ice is formed from water at 0°C and the formed ice is maintained at
0°C. The heat is rejected to the atmosphere at 25°C. The heat pump used to run the
ice plant is coupled to a Carnot engine which absorbs heat from a source which is
maintained at 220°C by burning liquid fuel of 44500 kJ/kg calorific value and
rejects the heat to the atmosphere. Determine: (i) Power consumed by the engine.
(i1) Fuel consumed per hour. Take enthalpy of fusion of ice = 334.5 kJ/kg.

Or

6 a) Two blocks of metal, each having a mass of 10 kg and having a specific heat of (TM)
0.4 kJ/kg.K, are at a temperature of 40°C. A reversible refrigerator receives heat
from one block and rejects heat to the other. Calculate the work required to cause a
temperature difference of 100°C between the two blocks.
b) Define Kelvin —Planck and Clausius statements. Prove that violation one (TM)
Statement leads to a violation of the other Statement.

1of2
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7 a)
b)
8 a)
b)
9 a)
b)
10 a)
b)

UNIT-IV

Write the clapeyron equation and point out its utility.

Steam initially at 0.3 MPa, 250°C is cooled at constant volume.

i) At what temperature will steam become superheated vapour?

ii) What is the quality of steam at 80°C?

iii) What is the heat transferred per kg of steam in cooling from 250°C to 80°C.
Or

In a separating and throttling calorimeter the pressure of the steam before
throttling is 10bar. The pressure and temperature of steam after throttling is 1.1 bar
and 110°C respectively. At the separator 0.6 kgs of water is trapped and 3.4 kgs of
condensed water is collected from the condenser. Determine the dryness fraction
of steam in the main pipeline. Take Cp for superheated steam as 2.1 kJ/kg k.
Discuss about triple point, critical temperature and critical pressure.

UNIT-V

Define the terms Specific humidity, Relative humidity and Degree of saturation.
Draw the same on Psychometric chart.
Methane has a specific heat at constant pressure given by Cp=17.66 +0.06188T
kJ/kg mol K when 1 kg of methane is heated at constant volume from 27°C to
500°C. If the initial pressure of the gas is 1 atm, calculate the final pressure, the
heat transfer, the work done and the change in entropy.

Or

State and explain the importance of internal energy and enthalpy of gas mixtures.

A sling psychrometer reads 39°C dry bulb Temperature and 35°C wet bulb
Temperature. Find the humidity ratio, Relative humidity, dew point Temperature,
specific volume, and enthalpy of air.

20f2
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II B. Tech I Semester Supplementary Examinations, September - 2021
THERMODYNAMICS
(Com to ME, AME)
Time: 3 hours Max. Marks: 75

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks
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1 a) Define the following terms: i) Thermodynamics ii) Macroscopic approach
iii)Continuum.
b) A gas initially at 100KPa and 6000cm’. The final volume is 2000cm’. Determine
the moving boundary work for each of the following processes.
(i) P is inversely proportional to V (ii) PV’= constant iii) P is inversely
proportional to V.

Or

2 3 Classify the types of systems; explain with examples.

b) A fluid at a pressure of 3 bar and with specific volume of 0.18 m/kg contained in a
cylinder behind a pistonexpands reversibly to a pressure of 0.6 bar according to a
law , p=c/v3 where c is a constant .Calculate the work done by the fluid on the
piston.

3 a) Define enthalpy. How is it related to internal energy?

b) Calculate the power developed and diameter of the inlet pipe, if a gas enters thegas
turbine at 5 kg/sec, 50 m/s with an enthalpy of 0.9MIJ/kg. The heat loss to
thesurrounding is 0.025 MJ/kg. The heat loss to the surrounding is 0.025 MJ/kg.
The heat loss to the surrounding is 0.025 MJ/kg. Assume 100 kPa and 300 K at the
inlet.

Or

4 a) Describe the classic paddle wheel experiment performed by Joule. What
conclusion was drawn based on the experimental observations (Joule experiment).
b) Calculate the power developed and diameter of the inlet pipe, if a gas enters into
thegas turbine at 5 kg/sec, 50 m/s with an enthalpy of 0.9MJ/kg. The heat loss to
thesurrounding is 0.025 MJ/kg. The heat loss to the surrounding is 0.025 MJ/kg.
Theheat loss to the surrounding is 0.025 MJ/kg. Assume 100 kPa and 300 K at the
inlet.

5 3 Explain the Availability in a thermodynamic system with example.

b) A heat engine working on Carnot cycle converts 1/5th of the heatinput into work.
When the temperature of the sink is reduced by 80°C, the efficiency gets doubled.
Determine the temperature of sink?

Or

6 ) Define Gibb’s and Helmholtz’s functions? Compare the importance of them?

b) A domestic food freezer maintains a temperature of —15°C, theambient air
temperature is 3OOC, if heat leaks into the freezer at the continuous rate of
1.75kJ/sec. State the least power necessary topump this heat out continuous?

1of2
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7 a) Why can not a throttling calorimeter measure the quality, if the steam is wet?
Explain how the quality is been measured?
b) 1 kg of water fills a 150 L rigid container at an initial pressure of 2MPa. The
container is then cooled to 40°C. Determine the initial temperature and final
pressure of the water.

Or

8 a) Explain the saturation temperature, the changes in specific volume, enthalpy and
entropy during evaporation at 1MPa.

b) A vessel of volume 0.04 m’contains a mixture of saturated waterand steam at a
temperature of 250°C. The mass of the liquidpresent is 9 kg. Find the pressure,
mass, specific volume, enthalpy, entropy.

9 a) Explain the Mole fraction and Mass fraction in the Mixture of Perfect gas? Derive
a relation between them.

b) Saturated air at 210°C is passed through a dryer, so that its final relative humidity
is 20%. The dryer uses silica gel absorbent. The air is then pass through a cooler
until its final temperature is 210°C without a change in specific humidity. Find out
i) the temperatureof air at the end of the drying process, ii) the relative humidity
atthe end of the cooling process, iii)The dew point temperature at the end of the
drying process?

Or

10 a) Air at 10bar and a DBT of 400°C and WBT of 360°C. Compute degree of
saturation, dew point temperature and enthalpy of the mixture?

b)  Enumerate different psychometric processes.

20f2



