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BMCT 2123 THERMODYNAMICS
 CHAPTER 06CHAPTER 06
 ENTROPY

Page 2
                        

THE SECOND LAW OF THERMODYNAMICS:
 OBJECTIVES:
 At the end of this chapter students should beable to:
 Define the term entropy.
 Explain the concept of the principle of entropyExplain the concept of the principle of entropyincrease.
 Explain the entropy changes during processesfor pure substances and ideal gasses.
 Define the term isentropic processes.
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ENTROPY
 INTRODUCTION:
 The second law of thermodynamics has a varietyof implications:
 perpetual motion machines are impossible
 all heat engines have thermal efficienciesless than 100%less than 100%
 irreversible heat engines are less efficientthan reversible engines.
 Among these implications is a cyclic integralinequality which was first recognized by Clausius.This inequality applies to all thermodynamiccycles, reversible or irreversible.
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ENTROPY
 Clasiusinequality
 The cyclicintegral of
 energy is zero
 The system considered inthe development of theClausius inequality.
 The equality in the Clausius inequality holdsfor totally or just internally reversible cyclesand the inequality for the irreversible ones.
 Formaldefinitionof entropy
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The entropy change between twospecified states is the same whetherthe process is reversible or irreversible.
 A Special Case: Internally ReversibleIsothermal Heat Transfer Processes
 This equation is particularly useful for determiningthe entropy changes of thermal energy reservoirs.
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THE INCREASE OF ENTROPY PRINCIPLE
 The equality holds for an internallyreversible process and the inequalityfor an irreversible process.
 A cycle composed of areversible and anirreversible process.
 for an irreversible process.
 Some entropy is generated or created during an irreversible process,and this generation is due entirely to the presence of irreversibilities.
 The entropy generation Sgen is always a positive quantity or zero.
 Can the entropy of a system during a process decrease?
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The entropy change of an isolatedThe entropy change of an isolatedsystem is the sum of the entropychanges of its components, and isnever less than zero.
 A system and its surroundingsform an isolated system.
 The increaseof entropyprinciple
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Some Remarks about Entropy
 1. Processes can occur in a certain directiononly, not in any direction. A process mustproceed in the direction that complies withthe increase of entropy principle, that is,Sgen ≥ 0. A process that violates thisprinciple is impossible.
 2. Entropy is a nonconserved property, andthere is no such thing as the conservation ofentropy principle. Entropy is conserved
 The entropy change of asystem can be negative,but the entropy generationcannot.
 entropy principle. Entropy is conservedduring the idealized reversible processesonly and increases during all actualprocesses.
 3. The performance of engineering systems isdegraded by the presence of irreversibilities,and entropy generation is a measure of themagnitudes of the irreversibilities during thatprocess. It is also used to establish criteriafor the performance of engineering devices.
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ENTROPY CHANGE OF PURE SUBSTANCESEntropy is a property, and thus thevalue of entropy of a system is fixedonce the state of the system is fixed.
 The entropy of a pure substanceis determined from the tables(like other properties).
 Schematic of the T-s diagram for water.
 Entropy change
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ISENTROPIC PROCESSESA process during which the entropy remains constant is calledan isentropic process.
 During an internallyreversible, adiabatic(isentropic) process, theentropy remains constant.
 The isentropic process appears as avertical line segment on a T-s diagram.
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PROPERTY DIAGRAMS INVOLVING ENTROPY
 On a T-Sdiagram, thearea under theprocess curverepresents theheat transfer forinternallyreversiblereversibleprocesses.
 For adiabatic steady-flowdevices, the vertical distance∆h on an h-s diagram is ameasure of work, and thehorizontal distance ∆s is ameasure of irreversibilities.
 Mollier diagram: The h-s diagramInternally reversible isothermal process
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WHAT IS ENTROPY?
 A pure crystalline substance at absolute zero
 The level of moleculardisorder (entropy) of asubstance increases asit melts or evaporates.
 A pure crystalline substance at absolute zerotemperature is in perfect order, and its entropy is
 zero (the third law of thermodynamics).
 Disorganized energy does not create muchuseful effect, no matter how large it is.
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WHAT IS ENTROPY?
 • Entropy can be viewed as a measure of moleculardisorder, or molecular randomness.
 • The quantity of energy is always preserved during anactual process (the first law), but the quality is bound todecrease (the second law). This decrease in quality isalways accompanied by an increase in entroppy.always accompanied by an increase in entroppy.
 During a heat transfer process,the net entropy increases. (Theincrease in the entropy of thecold body more than offsets thedecrease in the entropy ofthe hot body.)
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In the absence of friction, raisinga weight by a rotating shaft doesnot create any disorder (entropy),and thus energy is not degradedduring this process.
 The paddle-wheel work doneon a gas increases the level ofdisorder (entropy) of the gas,and thus energy is degradedduring this process.
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THE T ds RELATIONS
 the first T ds, or Gibbs equation
 The T ds relations are valid forboth reversible and irreversibleprocesses and for both closedand open systems.
 the second T ds equation
 Differential changesin entropy in termsof other properties
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ENTROPY CHANGE OF LIQUIDS AND SOLIDS
 Since for liquids and solids
 Liquids and solids can beapproximated asincompressible substancessince their specific volumesremain nearly constantduring a process.
 For and isentropic process of an incompressible substance
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THE ENTROPY CHANGE OF IDEAL GASESFrom the first T ds relation From the second T ds relation
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Variable Specific Heats (Exact Analysis)Ideal gasesWe choose absolute zero as the referencetemperature and define a function s° as
 The entropy of anideal gas depends onboth T and P. Thefunction s representsonly the temperature-dependent part ofentropy.
 On a unit–mole basis
 On a unit–mass basis
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Isentropic Processes of Ideal GasesConstant Specific Heats (Approximate Analysis)
 Setting this eq. equal tozero, we get
 The isentropic relations of idealgases are valid for the isentropicprocesses of ideal gases only.
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Isentropic Processes of Ideal GasesVariable Specific Heats (Exact Analysis)
 Relative Pressure and Relative Specific Volume
 exp(s°/R) isthe relativepressure Pr.
 The use of Pr datafor calculating thefinal temperature
 during an isentropicprocess.
 T/Pr is the relativespecific volume vr.
 process.
 The use of vr data forcalculating the final
 temperature during anisentropic process
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REVERSIBLE STEADY-FLOW WORK
 When kinetic andpotential energies
 Reversible workrelations forsteady-flowand closedsystems.
 are negligible
 The larger thespecificvolume, thegreater theworkproduced (orconsumed) bya steady-flowdevice.
 For the steady flow of a liquid through adevice that involves no work interactions(such as a pipe section), the work term iszero (Bernoulli equation):
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Proof that Steady-Flow Devices Deliver the Most and Consumethe Least Work when the Process Is Reversible
 Actual
 Reversible
 Taking heat input and work output positive:
 A reversible turbine delivers morework than an irreversible one ifboth operate between the sameend states.
 Work-producing devices such asturbines deliver more work, and work-consuming devices such as pumpsand compressors require less workwhen they operate reversibly.
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MINIMIZING THE COMPRESSOR WORK
 Isentropic (Pvk = constant):
 When kinetic andpotential energiesare negligible
 Polytropic (Pvn = constant):
 Isothermal (Pv = constant):
 P-v diagrams of isentropic,polytropic, and isothermalcompression processes betweenthe same pressure limits.
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Multistage Compression with Intercooling
 The gas is compressedin stages and cooledbetween each stage bypassing it through aheat exchanger calledan intercooler.
 P-v and T-sdiagrams for a two-
 stage steady-flowstage steady-flowcompression
 process.
 To minimize compression work during two-stagecompression, the pressure ratio across eachstage of the compressor must be the same.
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ISENTROPICEFFICIENCIES OFSTEADY-FLOW DEVICES
 The isentropic process involves noirreversibilities and serves as the ideal
 process for adiabatic devices.
 IsentropicEfficiency
 The h-s diagram forthe actual andisentropicprocesses of anadiabatic turbine.
 EfficiencyofTurbines
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Isentropic Efficiencies of Compressors and Pumps
 The h-s diagramIsothermal
 For apump
 When kinetic andpotential energiesare negligible
 The h-s diagramof the actual and
 isentropicprocesses of an
 adiabaticcompressor.
 Compressorsare sometimesintentionallycooled tominimize thework input.
 Isothermalefficiency
 Can you use isentropic efficiency for anon-adiabatic compressor?
 Can you use isothermal efficiency foran adiabatic compressor?
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Isentropic Efficiencyof Nozzles
 The h-s diagramof the actual and
 isentropic
 If the inlet velocity of thefluid is small relative tothe exit velocity, theenergy balance is
 isentropicprocesses of an
 adiabatic nozzle.
 Then,
 A substance leavesactual nozzles at ahigher temperature
 (thus a lower velocity)as a result of friction.
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ENTROPY BALANCE
 • The property entropy is a measure of molecular disorderor randomness of a system, and the second law ofthermodynamics states that entropy can be created butit cannot be destroyed.
 • Therefore, the entropy change of a system during aprocess is greater than the entropy transfer.
 • Increase of entropy principle for any system is• Increase of entropy principle for any system isexpressed as follows :
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Entropy Change of aSystem, ∆Ssystem
 ENTROPY BALANCE
 Energy and entropybalances for a system.
 When the properties of thesystem are not uniform
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Mechanisms of Entropy Transfer, Sin and Sout
 1 Heat TransferEntropy transfer by heat transfer:
 Entropy transfer by work:
 Heat transfer is alwaysaccompanied by entropy transferin the amount of Q/T, where T isthe boundary temperature.
 No entropy accompanies work as it crossesthe system boundary. But entropy may begenerated within the system as work isdissipated into a less useful form of energy.
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2 Mass Flow
 Entropy transfer by mass:
 Mass contains entropy as well asenergy, and thus mass flow into or
 When the properties of the masschange during the process
 Mechanisms of Entropy Transfer, Sin and Sout
 energy, and thus mass flow into orout of system is alwaysaccompanied by energy andentropy transfer.
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Entropy Generation, Sgen Entropy generationoutside system
 boundaries can beaccounted for by
 writing an entropybalance on an
 extended system thatincludes the system
 and its immediatesurroundings.
 Mechanisms of entropy transfer for ageneral system.
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Closed Systems
 Any closed system and its surroundings can be treated as an adiabaticSystem and the total entropy change of a overall system is equal to thesum of the entropy changes of its part.
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Control Volumes
 The entropy of asubstance alwaysincreases (orremains constant inthe case of areversible process)as it flows through asingle-stream,adiabatic, steady-flow device.
 The entropy of a controlvolume changes as aresult of mass flow as wellas heat transfer.
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Entropy balance for heattransfer through a wall
 EXAMPLES
 Entropy balance fora throttling process
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Entropy generation associatedwith a heat transfer process
 Graphical representation of entropy generation during a heat transfer processthrough a finite temperature difference.
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END OF CHAPTERFOUR.
 THANK YOUTHANK YOU
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