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Figure 1. TVA's Paradise Unit 3 (Coal-Fired) 

 



 

Figure 2. TVA's Sequoyah Nuclear Plant 

 

 

Figure 3. Steam Turbine Rotor 

 



 

Figure 4. Types of Systems 

 

 

Figure 5. Work on a Closed System 

 

 

Figure 6. Filling a Tank 

 



 

Figure 7. Steam Turbine System Boundary 

 

 

Figure 8. Molecules Collide 

 



 

Figure 9. Maxwellian Velocity Distribution 

 

 

Figure 10. Mean Atomic Speed 

 



 
Figure 11. Speed Distributions 

 

 

Figure 12. Conceptual Energy Levels 

 



 

Figure 13. Specific Heats 

 

 

Figure 14. Energy Levels 1 

 

 
Figure 15. Energy Levels 2 

 



 

Figure 16. Energy Levels 3 

 

 

Figure 17. Partitioning 1 

 

 
Figure 18. Partitioning 2 

 



 

Figure 19. Work on an Insulated System 

 

 

Figure 20. Steam Reduced Pressure vs. Reduced Volume 

 



 

Figure 21. States of Water 

 

 

Figure 22. Near the Critical Point 

 



 

Figure 23. Mollier Diagram for Water 



 

 

 

Figure 24. Extended Mollier Diagram 

 

 

Figure 25. Maxwell's Equal Areas 

  



 
Figure 26. Specific Heat of Water 

 

 

Figure 27. Reduced Entropy vs. Reduced Enthalpy 

 



 

Figure 28. RKS Mollier Chart 

 

 

Figure 29. Carnot Cycle 

 



 

Figure 30. Arbitrary Cycle 

 

 

Figure 31. Cascaded Steam Turbines 

 



 

Figure 32. Typical Power Factor Curves 

 

 

Figure 33. Typical Steam Turbine Expansion Line 

 



 

Figure 34. Typical Steam Turbine Exhaust Loss Curve 

 

 

 



 

Figure 35. Simple Rankine Cycle 

 

 

Figure 36. Rankine Cycle with Regeneration 

 



 

Figure 37. Combustion Turbine System Boundary 

 

 

Figure 38. Simple Combined Cycle 

: 



 
Figure 39. Typical HRSG Process Lines 

 

 

Figure 40. Simple Refrigeration Cycle 

 



 

Figure 41. Refrigeration Cycle 

 

 

Figure 42. Refrigeration T-S Diagram 

 



 
Figure 43. Refrigeration P-H Diagram 

 

 
Figure 44. Otto Cycle T-S Diagram 

 



 

Figure 45. Otto Cycle P-V Diagram 

 

 

Figure 46. Diesel Cycle T-S Diagram 

 



 

Figure 47. Diesel Cycle P-V Diagram 

 

 

Figure 48. Brayton Cycle T-S Diagram 



 

 
Figure 49. Brayton Cycle P-V Diagram 

 

Chapter 21. Lenoir Cycle 

 

 

Figure 50. Lenoir Cycle T-S Diagram 



 

 
Figure 51. Lenoir Cycle P-V Diagram 

 

 

Figure 52. Sterling Cycle T-S Diagram 



 

 
Figure 53. Sterling Cycle P-V Diagram 

 

 

Figure 54. Ericsson Cycle T-S Diagram 



 

 
Figure 55. Ericsson Cycle P-V Diagram 

 



 

Figure 56. Typical WCC Curves 

 



 

Figure 57. WCC Duty Points 

 



 

Figure 58. WCC Transform Curves 

 



 

Figure 59. WCC Curve Regession 



 

 



 

Figure 61. ACC Curve Regression 

 



 

Figure 62. Results of Iteration 

 

 

Figure 63. Typical Feedwater Heater 

 



 

Figure 64. FWH Process Lines (Temperature) 

 



 

Figure 65. Steam Turbine Expansion Lines (Nuclear) 

 



 

Figure 66. Deaerator 

 



 

Figure 67. Boiler and Reheater Schematic 

 

 

Figure 68. Pipes and Valves in a Power Plant 



 

 

Figure 69. Pumps in a Power Plant 

 

 

Figure 70. Expansion Line 

 



 

Figure 71. Exhaust Loss Curve 

 



 

Figure 72. Typical Generator Loss Curves 

 



 
Figure 73. Typical Generator Efficiency Curves 

 



 

Figure 74. Generator Curve Regression 

 



 
Figure 75. Results of Regression for Losses 





 

 
Figure 76. Results of Regression for Efficiency 



 

Figure 77. Simple Rankine Cycle 

 

 

Figure 78. Impact of Ambient Temperature on Power 



 
Figure 79. Impact of Ambient Temperature on Exhaust Flow 

 

 

Figure 80. Typical GT Evaporative Cooler 

 



 

Figure 81. Typical GT Inlet Chiller 
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Figure 82. Temperature Distribution in an Economizer 

 



 
Figure 83. Typical Enhanced Surface Tubes 

 



 

Figure 84. Typical HRSG Evaporator Schematic 

 

 

Figure 85. Typical HRSG Superheater Tubes Showing Ageing 



 

 

Figure 86. Overall Conductance vs. Steam Flow 

 

 

Figure 87. Minimal HRSG Components 

 



 

Figure 88. Heat Release Diagram 

 

 

Figure 89. Two-Pressure HRSG Schematic 

  



 
Figure 90. Two-Pressure HRSG Heat Release Diagram 

 

 

Figure 91. Three-Pressure HRSG Schematic 

 



 
Figure 92. Three-Pressure HRSG Heat Release Diagram 

 

 

Figure 93. Schematic Showing Reheater and Duct Burner 

 



 
Figure 94. Heat Release Diagram Showing Reheater and Duct Burner 

 

 

Figure 95. Simple Cycle Schematic 

 



 
Figure 96. Simple Cycle Heat Release Diagram 

 

 

Figure 97. System Schematic 

 



 
Figure 98. Heat Release Diagram 

  

 
Figure 99. Temperature Correction Curves 



 

 

Figure 100. Pressure Correction Curves 

 

 
Figure 101. Impact of Relative Humidity 



 

 

Figure 102. Otto Cycle T-S Diagram 

 



 

Figure 103. Otto Cycle P-V Diagram 



 

 
Figure 104. Diesel Cycle T-S Diagram 





 

 
Figure 105. Brayton Cycle P-V Diagram 



 

 

Figure 106. Typical CCPP Delta3 Correction 

 

Figure 107. Typical CCPP Delta5A Correction 

 



 
Figure 108. Typical CCPP Alpha1 and Beta1 Corrections 

 

Figure 109. Typical CCPP Alpha2 and Beta2 Corrections 



 

Figure 110. Typical CCPP Alpha3 Correction 

 

Figure 111. Typical CCPP Beta3 Correction 

 



 
Figure 112. Typical CCPP Alpha4 and Beta4 Corrections 

 

 

Figure 113. Typical CCPP Alpha5 Correction 



 

Figure 114. Typical CCPP Beta5 Correction 

 

 
Figure 115. Typical CCPP Alpha6 and Beta6 Corrections 

 



 

Figure 116. Typical Delta7/Omega7 Duct Firing Correction 

 



 

Figure 117. Typical Generator Efficiency Curves 



 

 
Figure 118. Typical Generator Loss Curves 

 



 
Figure 119. Typical Type 1 Power Factor Correction 



 

Figure 120. Typical Type 2 Power Factor Correction 

 



 

Figure 129. Typical Gas Turbine Curves for Inlet Temperature 

 



 

Figure 130. Typical Gas Turbine Curves for Barometric Pressure 

 



 
Figure 131. Typical GT Power Correction for Relative Humidity 

 



 
Figure 132. Typical GT Heat Rate Correction for Relative Humidity 

 



 
Figure 133. Typical GT Exhaust Flow Correction for Relative Humidity 



 
Figure 134. Typical GT Exhaust Temperature Correction for RH 

 



 

Figure 135. Absolute Humidity Corrections 



 

Figure 140. GT Power Correction for Fuel Composition 

 
Figure 141. GT Heat Rate Correction for Fuel Composition 



 
Figure 142. GT Exhaust Flow Correction for Fuel Composition 

 
Figure 143. GT Exhaust Temperature Correction for Fuel Composition 

 



 

Figure 144. GT Corrctions for Ageing 

 

Figure 147. Hourly Values of Barometric Pressure 



 
Figure 148. Hourly Values of Dry-Bulb Temperature 

 
Figure 149. Hourly Values of Relative Humidity 

 



 
Figure 150. Hourly Values of Heating Value from Online GG 



 

 
Figure 151. Hourly Values of C/H Ratio from Online GC 

 



 

Figure 153. Expected GT1 Capacity throughout the Year 



 

 
Figure 154. Expected GT1 Heat Rate throughout the Year 



 

 
Figure 155. Expected GT1 Fuel Flow throughout the Year 

 



 

Figure 157. 2x1 CCPP Capacity without Duct Firing 

 



 

Figure 158. 2x1 CCPP Capacity with Seasonal Duct Firing 



 

 
Figure 159. 2x1 CCPP Heat Rate without Duct Firing 



 

 
 



 

Figure 161. 2x1 CCPP Fuel Flow without Duct Firing 



 

 
Figure 162. 2x1 CCPP Fuel Flow with Seasonal Duct Firing 



 

Figure 163. Reported vs. Expected GT Power 

  



 
Figure 164. Reported vs. Expected Heat Input 

 



 

Figure 165. Reported vs. Expected Heat Rate 

 



 

Figure 166. Reported vs. Expected GT Exhaust Flow 

 



 

Figure 167. Reported vs. Expected GT Exhaust Temperature 

 



 

Figure 168. Results of Power Regression 

 



 

Figure 169. Results of Heat Input Regression 



 

 
Figure 170. Results of Heat Rate Regression 



 

 
Figure 171. Results of Exhaust Flow Regression 

 



 

Figure 172. Results of Exhaust Temperature Regression 

 



 

Figure 173. Recorded vs. Expected Full-Load Net Power Output 

 



 
Figure 174. Recorded vs. Expected Full-Load Net Plant Heat Rate 

 



 

Figure 175. Recorded vs. Expected Fuel Flow at Full Load 

 



 

Figure 176. Revised Net Power Comparison 

 



 

Figure 177. . Revised Heat Input Comparison 



 

 
Figure 178. Revised Fuel Flow Comparison 

 



 

Figure 179. Revised Heat Rate Comparison 

 



 

Figure 180. Temperature Corrections, alpha1 & beta1 

 



 

Figure 181. Barometric Pressure Corrections, alpha2 & beta2 

 



 

Figure 182. Humidity Corrections, alpha3 & beta3 

 



 

Figure 183. Fuel Composition Corrections, alpha5 & beta5 

 

 



 

 

Figure A1. Change in Level Populations 

 

Figure A2. Change in Energy Levels 

 



 

Figure 184. Backpressure Correction to Heat Rate 

 

 
Figure 185. Backpressure Correction to Load 

 



 
Figure 186. Steam Pressure Correction to Load 





 

 
Figure 187. Reheat Temperature Correction to Heat Rate 

 

 

Figure 188. Enhancement Factor 

 



 
Figure 189. Saturation Pressure vs. Humidity Ratio 

 



 

Figure 190. Typical Reactive Capability Curves 

 



 

Figure 191. Typical Synchronous Impedance Curves 

 



 

Figure 192. Typical Efficiency Curves 
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Figure 193. Typical Generator Loss Curves 

 



 

Figure 194. Multiple Loss Curves Collapse to Single Curve 

 



 

Figure 195. Typical Generator Loss Curve Regression Results 



 

 



 

Figure 196. Risk of Icing 

 



 
Figure 197. Risk Factor Slicing 1 

 

 
Figure 198. Risk Factor Slicing 2 



 

 
Figure 199. Risk Factor Slicing 3 

 

 
Figure 200. Risk of Icing for Houston, TX 



 

 

Figure 201. Risk of Icing for Edmonton, Alberta 

 

 
Figure 202. Icing Risk Cumulative Probability Curves 



 

 

Figure 203. Combustion Turbine System Boundary 

 

 

Figure 204. Combustion Schematic 

 


