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EGR 334 ThermodynamicsChapter 6: Sections 9-10
 Lecture 26: Entropy and closed system analysis Quiz Today?
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Today’s main concepts:• Extend the entropy balance to control volumes.• Solve applications using mass balance, energy
 balance, and entropy balance simultaneously.
 Reading Assignment:
 Homework Assignment: Read Chapter 6, Sections 11-13
 Problems from Chap 6: 80, 86, 91, 111
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 em
 CVdmdt
 im
 Mass Rate Balance:
 Energy Rate Balance:
 e em e
 CVdEdt
 i ime
 Q W
 Review: For a Control Volume:
 2 2cv V V
 2 2i e
 cv cv i i i e e edE
 Q W m h gz m h gzdt
 cv
 in exiti i
 dmm m
 dt
 cvi i e e gen
 dS Q m s m sdt T
 Entropy Rate Balance: New: For a Control Volume:
 sysdSdt
 QT
 gen
 e em si im s

Page 4
                        

Entropy Rate Balance for Control Volumes
 • Like mass and energy, entropy can be transferred into or out of a control volume by streams of matter.
 • Since this is the principal difference between the closed system and control volume entropy rate balances, the control volume form can be obtained by modifying the closed system form to account for such entropy transfer. The result is
 where iism eesmand account, respectively, for rates of entropytransfer accompanying mass flow at inlets i and exits e.
 CVee
 eii
 ij j
 jCV smsmTQ
 dtdS
 Rate of entropy change
 Rate of entropy transfer
 Rate of entropy generation
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Entropy Rate Balance for Control Volumes• For control volumes at steady state, the entropy
 balance reduces to give
 • For a one-inlet, one-exit control volume at steady state, it can be reduced to give
 where 1 and 2 denote the inlet and exit, respectively, andis the common mass flow rate at these locations.
 m
 1 20 ( )jCV
 j j
 Qm s s
 T
 0 ji i e e CV
 j i ej
 Qm s m s
 T
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p1 = 0.7 barT1 = 280oC
 p2 = 0.35 barh2 = h1
 p1 = 0.7 barT1 = 280oC
 p2 = 0.35 barh2 = h1
 cv210
 ssmT
 Q
 j j
 j
 Example 1: Water vapor enters a valve at 0.7 bar, 280oC and exits at 0.35 bar. (a) If the water vapor undergoes a throttling process, determine the rate of entropy production within the valve, in kJ/K per kg of water vapor flowing.(b) What is the source of entropy production in this case?
 cv210 ssm
 0
 Mass balance:
 Entropy Balance:
 Energy balance:
 1 2m m m
 1 20 h h
 Assumptions: 1) Steady State flow 2) No heat flow occurs 3) No work done in valve 4) no significance change in PE or KE
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Example 1 continued:Identify state properties: State 1: State 2:
 cv2 1 (8.6295 -8.3162) / ·s s kJ kg K
 m
 Irreversibility is to -- friction of fluid turbulence -- unrestrained expansion of fluid to a lower pressure
 p1= 0.7 barT1= 280 oC
 p2= 0.35 barT2= ?
 From Table A4: at p = 0.7 bar and T = 280 C h1 = 3035.0 kJ/kg and s1 = 8.3162 kJ/kg-K
 From Table A4: at p = 0.35 bar and h = 3035.0 kJ/kg T2 = 259.7 C and s2 = 8.6295 kJ/kg-K
 Applying Energy balance: h1 = h2 = 3035.0 kJ/kg h1 = 3035.0 kJ/kg and s1 = 8.3162 kJ/kg-K
 Apply Entropy Balance:
 0.3133 / ·kJ kg K
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Comment: The value of the entropy production for a single component such as the throttling valve considered here often does not have much significance by itself. The significance of the entropy production of any component is normally determined through comparison with the entropy production values of other components combined with that component to form an integrated system. Reducing irreversibilities of components with the highest entropy production rates may lead to improved thermodynamic performance of the integrated system.
 Entropy Rate Balance for Control Volumes
 p1 = 0.7 barT1 = 280oC
 p2 = 0.35 barh2 = h1
 p1 = 0.7 barT1 = 280oC
 p2 = 0.35 barh2 = h1
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9
 Example 2 (6.115): The figure shows several components in series, all operating at steady state. Liquid water enters the boiler at 60 bar, steam exits the boiler at 60 bar, 540°C and undergoes a throttling process to 40 bar before entering the turbine. Steam expands adiabatically through the turbine to 5 bar, 240°C, and then undergoes a throttling process to 1 bar before entering the condenser. KE and PE effects can be ignored.
 (c) For the valves and the turbine, evaluate the rate of entropy production, each in kJ/kg K
 (d) Using the result in part c, place the components in rank order, beginning with the component contributing the most to the inefficient operation of the overall system.
 a) Locate each of the states 2 – 5 on a sketch of the T-S diagramb) Determine the power developed by the turbine, in kJ/kg of steam
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10
 Example 2 (6.115): The figure shows several components in series, all operating at steady state. Liquid water enters the boiler at 60 bar, steam exits the boiler at 60 bar, 540°C and undergoes a throttling process to 40 bar before entering the turbine. Steam expands adiabatically through the turbine to 5 bar, 240°C, and then undergoes a throttling process to 1 bar before entering the condenser. KE and PE effects can be ignored.
 State 1 2 3 4 5 6T (°C) 29
 0540
 240
 p (bar) 60 60 40 5 1 1h (kJ/kg) =h2 =h4
 Process
 U Q W
 1 – 2 Boiler 02 – 3 Valve 0 03 – 4 Turbine 04 – 5 Valve 0 05 – 6 Condense
 r0
 Start by identifying state and process info:Proces
 se Q W
 1 – 2 Boiler2 – 3 Valve3 – 4 Turbine4 – 5 Valve5 – 6 Condense
 rState 1 2 3 4 5 6T (°C)p (bar)h (kJ/kg)
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11
 Example (6.115):
 State 1 2 3 4 5 6liq. SH SH SH SH ?
 T (°C) 290
 540
 240
 P (bar) 60 60 40 5 1 1h (kJ/kg) =h2 =h4
 s °(kJ/kg K)Process
 e Q W
 1 – 2 Boiler 02 – 3 Valve 0 03 – 4 Turbine 04 – 5 Valve 0 05 – 6 Condense
 r0
 (a) Locate each of the states 2 – 5 on a sketch of the T-S diagram
 S
 Tconstant h
 constant p
 3
 45
 2
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12
 Example (6.115):State 1 2 3 4 5 6
 liq sh sh sh sh ?T (°C) 290 540 531.3 240 232.8p (bar) 60 60 40 5 1 1h (kJ/kg) 1289.
 13517 3517 2939.
 92939.
 9s (kJ/kg K) 3.159
 46.999
 97.180
 57.230
 77.965
 3Process
 e Q W
 1 – 2 Boiler 02 – 3 Valve 0 03 – 4 Turbine 04 – 5 Valve 0 05 – 6 Condense
 r0
 Fill in what you can find about the state properties
 State 1 values found hf(T1) and sf(T1) off of Table A-2State 2 values found on Table A-4 at T = 540 C and p = 60 barState 3 values found using h3=h2 and Table A-4 at h = 3517 and p = 40 barState 4 values found on Table A-4 at T = 240 C and p = 5 barState 5 values found using h5=h3 and Table A-4 at h = 2939.9 and p = 1 bar
 State 1 2 3 4 5 6liq sh sh sh sh ?
 T (°C) 290 540 531.3 240p (bar) 60 60 40 5 1 1h (kJ/kg)s (kJ/kg K)
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13
 Example (6.115):
 e Q/m W/m
 1 – 2 Boiler 02 – 3 Valve 0 03 – 4 Turbin
 e577 0 577
 4 – 5 Valve 0 05 – 6 Cond. 0
 Determine powerdeveloped by the turbine
 Process 3-4
 3 40 ( )TW m h h
 3 4T
 i
 W h hm
 State 1 2 3 4 5 6T (°C) 290 540 240P (bar) 60 60 40 5 1 1h (kJ/kg) 1289.
 13517 3517 2939.
 92939.
 9s °(kJ/kg K) 3.159
 46.999
 97.180
 57.230
 77.965
 3mass rate balance: energy rate balance:
 3 4m m m
 (3517 2939.9) 577.2 /T
 i
 W kJ kgm
 e Q/m W/m
 1 – 2 Boiler 02 – 3 Valve 0 03 – 4 Turbin
 e 0
 4 – 5 Valve 0 05 – 6 Cond. 0
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14Example (6.115):
 For the valves and the turbine, evaluate the rate of entropy production
 Entropy Balance:
 State 1 2 3 4 5 6T (°C) 290 540 240P (bar) 60 60 40 5 1 1h (kJ/kg) 1289.
 13517 3517 2939.
 92939.
 9s(kJ/kg K) 3.159
 46.999
 97.180
 57.230
 77.965
 3
 4 3b
 Qs sm T
 For turbine: 0
 (7.2307 7.1805) 0.0502 /kJ kg K
 3 2b
 Qs sm T
 For 1st valve: (7.1805 6.9999) 0.1806 /kJ kg K
 5 4b
 Qs sm T
 For 2nd valve:
 0
 0 (7.9653 7.2307) 0.7346 /kJ kg K
 b
 Qsm T
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15Example (6.115):
 Ranking the entropy production from largest to smallest:
 Entropy Production:
 For turbine: / 0.0502 /m kJ kg K
 For 1st valve:
 For 2nd valve:
 / 0.1806 /m kJ kg K
 / 0.7346 /m kJ kg K largest
 smallest
 This indicates that it would be most prudent to attempt to improveefficiencies of the valves in this power cycle as they show the most possibility of improvement.
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16
 end of slides for lecture 26
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