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CHAPTER 1: INTORDUCTION

Thermodynamics

- is the sciencedealing with the relationshipsbetween heat, work, and the
propertiesof materials

- isthe studyof energy

- canbedefinedasthe scienceof energy

Theformal study of thermodynamicdeganin the early nineteenthcenturythrough
considerationof the hot bodiesto producework.

Thermodynamicdgs both a branch of scienceand engineering The scientist are
generallyinterestedin understandinghe physicaland chemicalbehaviorof material
propertiesandrelation betweenthe properties

Engineersare generallyinterestedin studyingsystemsand how they interact with
their surroundings
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APPLICATIONSVOLVINGHERMODYNAMICS

Thermodynamicscover a wide range of applications Selectedapplicatiors of
thermodynamicsanbe listed asfollow:

Refrigeratiorandair conditioningsystems
Combustiorsystems
Automobileengines
Compressordansand pumps
Steamandgasturbines
Fossibindnuclearfueled power stations
Aircraftandrocketpropulsion
Alternativeenergysystems

- Fuelcell

- Geothermalsystems

- Windturbines

- Solaractivatedheating,coolingand power generation
Bioengineerin@pplications
Biomedicahpplications



Heating,vantilatin g, and air conditioning systes (HVAC)
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Air Conditioning &
Venflation

Energy (work) is supplied to the system to cool air

Combustion systers

Fluidising®  ®
Combustion Air Ash

Chemical energy of fuel is converted to thermal energy and transferred to a fluid.

Inroduction 4



Automobile engineginternal-combustion enginek

— Boundary

Chemical energy of fuel is converted into mechanical energy.
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Steam turbines

Thermal energy of steam is converted to mechanical energy

Compressors

Energy (work) is supplied to the system to compress a gas (air).
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Biomedical Application

Biomedical applications

Steam power plant

Steam line Turbine
Generator Transmission
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Condenser

Transformer

Water supply :

A givenengineeringsystemmay consistof more than one components. Main
components of this system are

- Boiler

- Steam turbine

- Pump

- Condenser

- Generator

Thermodynamically this whole system and/or each component is analyzed separatel
to determine theinteractionbetweensystemandsurrounding.

Inroduction 7



Twoapproachedo studythermodynamics
To studythe thermodynamicgproblemstwo approahesare employed
1) Statisticallhermodynamics

It ismicroscopi@proachandbasedon the averagebehaviourof largegroupsof
individualparticles

2) Classical Thermodynamics:

It is based on macroscopic approach. It does not require knowledge of large
groups of individual particles.

Engineers use the classical thermodynamics to analyze the interaction between
a system and surrounding and the efficiency of the system.

This course dealwith clasicathermodynamics

Inroduction 8



Definition of aSystem

A The term system is used to identify the subject of the analysis. The system
IS quantity of matter or a region in space chosen for study.

A The mass or region outside the system is called surroundings.
A The real or imaginary surface that separates the system from its

surroundings is called the boundary. Qurfaceseparating a system from its
surroundings may be real or imaginaliyed or moveable

system

boundary

(a) A control volume with real and (8) A control volume with fixed and
imaginary boundaries moving boundaries

Types of Systems
Systems may be considered to clesedor open.

A closed system (control masg is defined when a particular quantity of matter is
under study. A closed systemalways containsthe same matter. There can be no

transfer of massacrossits boundary Energycan crossthe boundary Volumeis not
fixed.

An open system (controlvolum@: With this approach,a regionwithin a prescribed

boundary is studied The region is called a control volume Mass may crossthe
boundaryof a controlvolume Energycanalsocrossthe boundary
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Closed Systems
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A If no mass can enter or leave a closed systemalsoif energy is not allowed
to cross the boundary, that systeisicalled ansolated system.

A If systemis thermallyisolated it iscalledadiabaticsystem(work cancross
boundary) .

Open System (Control Volume)
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- Massmay cross system boundary (control surface)

- Volumemay/may not be fixed

- Energymay cross system boundary

- ControlVolumes may operate ateadyor unsteadystate conditions
- Usuallyenclosedeviceswhichinvolvemassflow
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Steadystate system A systemis saidto be at steady state if none of its properties
changeswith time.

Unsteady (transient) system A systemis saidto be at unsteady state if one of its
propertieschangeswith time.

WARNING
The thermodynamicrelations that are applicableto closedand open systemsare
different. It isimportant to recognizethe type of systembeforeyou start analyzingt.
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Describing Systems and Their Behavior

Engineersare interested in studying systems and how they interact with their
surroundings Describinghe systemand predictingits behaviorrequiresknowledgeof
its propertiesand how those propertiesare related

Property. Any characteristic of a system is called property. Some common
thermodynamic properties are mass,volume, energy, pressureand temperature to
whicha numericalvaluecanbe assignedvithout knowledgeof the previoushistory.

Some common thermodynamic properties
pressure p, temperature T, volume V, mass m
density , r=m/V (kg/mq)
specific volume , v=V/m=1/(m3/kg)

Thermodynamic properties can be placed in two general classésnsive and

intensiveproperties.

Extensive Property. Dependenton the sizeand extent of the systemsuchasmassm,
volumeV, energyE.Additive over the system

IntensiveProperty. Independentof the sizeand extent of the systemsuchas
temperature T,pressureP,densityr , spesificvolumev. Notadditive over the system

The relation between intensive and extensive property can be expressed as

b=B/m where b is intensive, B is extensive property

Specific properties Extensiveproperties per unit masg, e, etc.
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Mass(m) kg A Temperaturg(T) CK
Volume(V) rf ﬁ g;fggﬁgj(ﬁrgy(u) J
E E)J
nergy () A Entropy(S) J/k
Power(P) W A Spesifiaveight (r g): kg/me. m/s? kg/m2s?

Density(r ):kg/m3
Spesifiovzolume(n): m3/kg
Pressure Force area(N/m?=P3g

State The wordstate refers to the condition of a system as described by its
properties. Sincéhere are normally relations among the properties of a system,

the state often can be specifidn providing the values of a subset of the
properties

If a system exhibits the same values of its properties at two different times, it is in
the same statat these times. A system is said to besttady stateif none of its
properties changes with time

(a) State 1 (b) State 2

Process ‘ ———
It is a transformation from one state to .

another Wheneverany of the properties of
a system change,the state of the system
changesand the system has undergone a
process However, if a system exhibits the Drocess
samevaluesof its propertiesat two different Path
times, it isin the samestate at thesetimes. 0

Presswie P

-
Volume V
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ThermodynamicCycle A thermodynamic cycle is a sequenceof processesthat
beginsand endsat the samestate. At the conclusionof a cycleall propertieshave
the samevaluesthey had at the beginning Systenreturnsto its initial statesat the
endof the process Thereis no changeof state overthe cycle

PA1

<V °



Equilibrium
In mechanicsequilibriummeansa conditionof balancemaintainedby an equality of
opposingforces

When a systemis isolated from its surroundings if there are no changesin the
properties we conclude that the systemis in equilibrium at the moment it is
isolated

Thesystemcanbe saidto be at anequilibrium state if the systemisin
Thermalequilibrium4 uniform temperature
MechanicalequilibriumA4 uniform pressure
ChemicakquilibriumA4 no changein chemicalcomposition

When a systemis isolated, it does not interact with its surroundings however, its
state canchangedue to its intensiveproperties,suchastemperature and pressure
Whenall changescease the systemis in equilibrium At equilibrium,temperatureis
uniform throughout the system Also, pressure can be regarded as uniform
throughoutaslongasthe effect of gravityis not significant

20°c 213°C »c 3¢
30°C 3°c
35°C 40°C 32°c 32°C
42°C 32°C
(a) Before (b) After

A close system is reaching thermal equilibrium.

Quasiequilibrium (quaststatic) process

A quastequilibriumprocessn thermodynamicss a processn whichthe systemonly
deviates from equilibrium by infinitesimal amounts Quasiequilibrium processes
can be used to closely approximatereal processes Quastequilibrium processes
involveveryslowchangessuchasthe slowcompressiorof a piston.
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Statepostulate:

State postulateis a postulate about the number of properties neededto specify
the state of system

Accordingto the state postulate the state of simple compressiblesystemis
completelyspecifiedby two independentintensiveproperties.

A systemis called simple compressiblesystemin the absenceof electrical,
magnetic,gravitational,motion, and surfacetensioneffects

Two propertiesare independentif one property can be varied while the other is
kept constant

Temperatureand pressureare independentpropertiesfor a singlephasesystem,
but dependentproperties for multiphasesystems Therefore,temperature and
pressure are not sufficient to fix state of a two-phase system However,
temperatureand specificvolumeare alwaysindependentproperties Hence they
canfix the state of a simplecompressibléwo-phasesystem



MeasuringMass,Length,Time,and Force

When engineeringcalculationsare performed,it is necessaryo be concernedwith
the units of the physicalquantitiesinvolved A unit is any specifiedamount of a
quantity by comparisonwith which any other quantity of the same kind is
measured

Systemf units:
- SlUnits
- EnglisfEngineeringJnits

SlUnits

Slisthe abbreviationfor International Systemof Units. Thesystemof units calledSl|
takesmass length andtime asprimary dimensionsand regardsforce assecondary
The SIbaseunits for mass,length and time are listed in Table The Slbaseunit for
temperatureisthe kelvin,K

Four primary dimensions suffice in thermodynamiliseyare mass (M), length (L),
time (t), and temperaturdq). Alternatively Force (F) can hesed
IntheSlsystemdzy A i F2NJ F2NDS OFy 6S RSNAOSR
F=-ma
1 N=(1kg)(1m/s?)=1kgm/s?

BasicDimensionSystems
MLT (masslengthtime temperature)
FLT (forcelengthtime temperature

Sl units for other physical quantities are also derived in terms of the Sl base units.
units for quantities pertinent to thermodynamics are given in Table

TAELE 1.4 50 Linn

Prefin  Symbs

Geometry | Length m L

Area m?2 L2 s I

Volume m3 L3 . G
Kinematic |Time S T = :" ¥

Velocity m/S L/T 1 L LH

Acceleration | m/S? L/T? kilo k

Discharge m3/S L3/T hecio h
Dynamic Mass Kg M FL1T2 ool &

Force N (Kg-m/S2) MLT2 F il 1

Pressure Pa (N/m?) MLIT2 FL?2 micre

Energy J (N-m) ML2T2 FL

Power Watt (N-m/S) | ML2T3 FLT et

- pica
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EnglishEngineerindJnits

At the presenttime many segmentsof the engineeringcommunity in the United
Statesregularly use some other units. For many yearsto come, engineersin the
United Stateswill haveto be conversantwith avariety of units.

EnglishEngineerindpaseunits:
- for massis pound(Ib)
- for lengthisfoot (ft)
- for time is second(s)
- for temperature is RankingR)

In the EnglishEngineeringsystem unit for force can be derived usingb S ¢ (1 2 y
secondiaw asfollows:
F=ma

11bf = (1 Ib) (32.1740ft/s?) = 32.1740Ib ft/s?



MeasurableProperties: Specific VolumePressureand Temperature

Three intensive properties that are particularly important in engineering
thermodynamicsre specificvolume, pressure,and temperature.

SpecificVolume
The density, or local mass per unit volume, is an intensive property that may vary
from point to point within the system. Thus the mass associated with a particular
volume V is determined in principle by integration
m= s dV
v
The specific volume is defined as the reciprocal of the density . It is the volume pel

unit mass. Like density, specific volume is an intensive propertyrayadary from
point to point.

Sl units for density and specific volume are k@§yamd n#/kg, respectively.

In certain applications, it is convenient to express properties such as a specific
volume on a molar basis rather than on a mass basis.

The number okilomolesof a substance, is obtained by dividing the mass, in
kilograms by the molecular weigt¥], in kgkmol.

m
n=—
M

To signal that a property is on molar basis, a bar is used over its symbol. Thus,
signifies the volume pdimol. Relationship betweerv andvis

n=M 1
where M is the molecular weight in kgmol or Ib/lbmol.



PRESSURE
The force exerted by a fluid per unit area

Pressure= Normal Force / Area= (1 Nfm1 Pa) E
Units-the Sl unit of pressure and stress is the pascal.

1 pascal = 1 N/im

1kPa= 16 N/m? [ ;

1 bar = 10N/m?

1 MPa = 1®N/m?
1atm=1.01325x19N/m?2

The actual pressure at given position is calledahsolute pressureand its measured
relative to the absolute vacuum. Most pressure measuring devices however, are
calibrated to read zero in the atmosphere and so they indicate the difference betweer
absolute pressure and local atmospheric pressure. This difference is callgdgbe
pressure. The pressure below the atmospheric pressure is called vacuum pressure.

P(gage) -P(absolute)- Py,
P(absolute = p(gage) pm

When the local atmospheric pressure is greater than the pressure in the system, the
term vacuum pressure is used.

P(vacuum) ;- p(absolute)

The relationship among the various ways of expressing pressure measurements is si
in Figure

Absolute Absolute

vacuum aps vacuum
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Pressure Measurement
Outside (Atmospheric) Pressure Measurement

Outside (atmospheripressurg is measured using barometer.

Vacuum

Column of
mercury

760 mm Hg ‘
for standard
atmosphere

Atmospheric
pressure

Pressure Measuremenh Systems

Pressureof a thermodynamic system is measured using different types of
devices.

Py diameter d

diameter D

- .-:f-"'::-l
' ’ t2
o O=atum lina

Manometerfluid(mercury
water, oil)

P1= PS = Patm"‘r g h Ptank)abs=pl:Patm"’r g h
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Bourdongauge

www.InstrumentationToday.com

Bourdon Tube Pressure Gauge

Pressurelransducer]

Pressuret I & Qaw Q4
When a force is applied to a contained, incompressible fluid, the pressure increase:

equally in all directions throughout the fluid. This fundamental characteristic of fluid:
provides the foundation for hydraulic systems

¢F1 F2
F

A1 A2
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Temperature
Temperatureis an intensive property that determineswhether an objectis in thermal
equilibrium with other objects If two bodiesare at different temperaturein contact
with eachother, heat is transferredfrom body at high temperatureto the one at low
temperature

Temperatures a measure of hotness or coldness.

Several properties of materials change with temperatures, so it is very important to
measure the temperatureThermometers and temperature scales have been devised t
measure it.
Devices to measure temperature:

- thermometers,

- temperature sensors,

- thermocouples,

- electrical resistance sensors,

- semiconductor types,

- termistors

Temperaturescales

Temperaturescalesare defined by the numerical value assignedto a standard fixed
point. By international agreement the standardfixed point is the easilyreproducible
triple point of water: the state of equilibrium between steam, ice, and liquid water.
Temperatureat this point isdefinedas273.16 K So,the triple point of wateris0.01°C

(a) Two-point scales
- Celsiusscaleor Centigradescale °C, (SI)
Water at ice point 0°C
Water at steampoint 100°C
- Fahrenheitscale °F, (Englishsystem)
Water at ice point 32°F
Water at steampoint 212°F
- Ice point: a mixture of ice andwater that is in equilibriumwith air saturatedwith
vaporat 1 atm pressure
- Steam point: a mixture of liquid water and water vapor (with no air) in
equilibriumat 1 atm pressure

(b) Thermodynamidemperature scale
- Independentof propertiesof anysubstance
- Developedbasedon 2" law of thermodynamics
- Mostly usedin thermodynamiccalculations
- Kelvinscale K, (SI)
- Rankinescale R,(Englishsystem)



