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I. INTRODUCTION Combined cycle power plants require the use of steam bypass systems for proper starting and loading of the steam turbine. The bypass system, when properly taken into consideration during the design, can also permit independent gas turbine operation during transients including gas turbine base load operation after a steam turbine load rejection. The type of bypass system used, its capacity, and design are dependent on a number of parameters including the type of combined cycle system design (i.e., reheat, non-reheat), number of gas turbines, pressure levels, and operating requirements. For three pressure reheat combined cycle systems, such as used with GE’s F class gas turbines, a commonly used design for multi-shaft combined cycles is the “cascading bypass system”. This versatile system can be used with a steam turbine and either a single (e.g., 107FA) or multiple gas turbines (e.g., 207FA or 307FA). Proper design and operation of this, or any bypass system, requires a clear understanding of the customer’s intended power plant operation. These operating requirements should be clearly defined before the combined cycle system design is begun so that the bypass system design and balance of plant equipment can be properly sized and integrated. Preferably the plant operating requirements are clearly defined during the proposal or quotation phase of the project so that all system requirements are accounted for in the plant costs. II. APPLICATION A typical cascading bypass arrangement for a single steam turbine and two gas turbines/HRSGs is shown in Figure 1. During bypass system operation high pressure (HP) steam from the Heat Recovery Steam Generator (HRSG) is bypassed around the high pressure section of the steam turbine where it is attemperated before it is discharged into the reheat section of the HRSG. The reheated steam is then attemperated and bypassed around the reheat and low pressure sections of the steam turbine to the condenser using the hot reheater (HRH) bypass valve. Operation of the HP and HRH bypass systems in this manner results in a pressurized reheater system having steam turbine high pressure exhaust pressures higher than normally encountered in normal starting and loading of the steam turbine without a cascading bypass system. As a result special design features and operating procedures have been developed for steam turbines which are started and loaded with pressurized reheater systems. The intent of this publication is to identify the special design requirements and operating guidelines which are needed for GE steam turbines operating with cascading bypass systems. These guidelines should be used taking into consideration the many other conventional steam turbine requirements associated with power plant operation, such as steam to metal temperature matching, allowable HP and IP temperature mismatch, exhaust pressure limitations, etc. These requirements can be obtained from GE’s Steam Turbine Engineering for the specific steam turbine design under consideration. The combined cycle system designer is further encouraged to work closely with the steam turbine designer to ensure and verify an integrated design and that steam turbine requirements are met. Prediction of steam turbine performance during bypass operation which occurs at low flows and off design pressure ratios require unique computer programs which are not universally available. This publication is applicable to systems having the following characteristics: A. Cascading bypass systems (similar to Figure 1) B. Triple pressure, reheat combined cycle systems (e.g., F class gas turbines)
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Figure 1. Typical Cascading Bypass System for Two Gas Turbine Application



C. Single or multiple gas turbines with a single steam turbine D. Multi-shaft applications (i.e., as opposed to single shaft units) III. HIGH PRESSURE STEAM TURBINE CONSIDERATIONS Combined cycle power plants are started and loaded by first firing the gas turbine and then admitting steam to the steam turbine. During firing of the gas turbine the bypass systems are used to bypass HRSG generated steam to the condenser until sufficient steam flow is available and steam temperature to steam turbine metal temperature allowable mismatch guidelines are met. Although the steam turbine is started and loaded using stress control, excessive steam to metal mismatch temperatures will result in longer startup times.
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Exhaust Conditions With Bypass



Entropy



Figure 2. HP Steam Turbine Expansion



The amount of gas turbine firing and therefore amount of steam generation is dependent on the type of startup. Hot startups, where the steam turbine has been off-line a relatively short time, require that the starting gas turbine be fired to a higher load than either cold or warm starts because of the hotter steam turbine metal temperatures. With a cascading bypass system, the HP bypass valves are used to bypass steam around the HP section of the steam turbine maintaining steam flow in the reheater during all normal operating conditions. The steam is then routed through the reheater and around the IP/LP steam turbine to the condenser, using the HRH bypass valve. HP bypass steam needs to be attemperated prior to entering the reheater in order to prevent exceeding reheater system design temperatures. Ideally the temperature entering the reheater should be the same as with steam turbine on-line in normal operation. As a minimum, an acceptable level of superheat (100° to 150°F [55° to 85°C]) above the saturation temperature of the operating pressure should be maintained. Additional temperature control of the HP and HRH bypass attemperators may be desirable in order to meet low pressure temperature requirements for some operating modes. During bypass operation the bypass valves maintain steam pressures at the required levels. Therefore these valves need to be adequately sized to pass the required flow at the operating steam pressure and temperature for each type of startup (hot, warm, or cold). In addition, if gas turbine base load operation after a steam turbine load rejection is required the bypass systems need to be sized accordingly or a bypass damper may be required to reload the steam turbine.
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During bypass operation the reheater system is pressurized by the HRH bypass valves. Unless special precautions are taken, excessively high temperatures may be experienced in the high pressure section of the steam turbine, before steam is admitted using the steam turbine main control valves. This is due to the abbreviated steam turbine expansion with the higher than normal HP exhaust pressure and rotation loss heating. To prevent bypass steam in the cold reheat line from pressurizing the HP steam turbine prior to startup, a non-return valve (not provided with the steam turbine) is required in the cold reheat piping immediately downstream of the HP steam turbine exhaust. Although leak proof non-return valves need to be specified, special provisions are included with the steam turbine to prevent pressurization caused by any inadvertent non-return valve leakage. As shown in Figure 3, a “reverse flow discharge valve” (RFDV) connects the inlet of the HP steam turbine to the condenser. In addition, a “reverse flow valve” (RFV) is used on hot and warm starts to bypass cold reheat steam around the cold reheat non-return valve providing cooling steam flow to the HP steam turbine and creating a temperature distribution optimum for main control valve steam admission. The reverse flow valve (RFV) is not used on cold starts (HP steam first stage turbine metal temperature less than 400°F prior to roll) to prevent condensation in the HP steam turbine. The expected steam flow and temperature admitted to the condenser during operation of the reverse flow discharge valve is shown on the valve outline drawing so that the inlet to the condenser can be properly designed. To prevent inadvertent discharge of steam to the condenser, the valve is designed to fail close. With cascaded bypass operation the steam turbine is rolled and initially loaded by admitting steam using the intercept valves with the main control valves closed. The RFDV and RFV maintain HP turbine pressures and



Reverse Flow Discharge Valve



Figure 3. HP Steam Turbine Overheating Protection
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temperatures at acceptable levels. Steam is then admitted to the HP steam turbine by rapidly opening the main control valve. As shown in Figure 2, higher exhaust pressure operation will result in higher operating HP turbine temperatures. The temperature level will vary with inlet steam conditions, exhaust pressure level and steam flow magnitude. During steam turbine startup with a cascaded bypass system, when steam flow is low and HP exhaust pressure is substantially higher than normal, unless specific action is taken, HP turbine temperatures can be excessively high. Therefore, the steam turbine control system will open the main steam control valves (“forward flow operation”) when conditions are acceptable. The combined cycle system design needs to take into consideration all of the required power plant operating requirements. The hot reheat bypass sizing and “floor pressure” set points need to take into consideration the type of startup, gas turbine exhaust characteristics, steam turbine, heat recovery steam generator, bypass design, and balance of plant equipment limitations A variable reheat “floor pressure” setpoint is required to accommodate the various types of startup. For cold starts, the gas turbine is lightly loaded so that exhaust temperatures are sufficiently low for steam turbine steam to metal temperature matching. A low cold reheat pressure is also required for cold starts to minimize the potential for condensation in the HP steam turbine. The maximum reheat pressure floor pressure setpoint for starting a cold steam turbine (1st stage metal temperature prior to roll less than 400°F) must not exceed 20% of full load design pressure. Hot starts require increased gas turbine loading to increase gas turbine exhaust temperature to meet steam temperature to turbine metal temperature matching requirements. The increased gas turbine loading results in higher steam production. A higher reheat bypassfloor pressure set point is therefore desired for hot starts to maintain a reasonably sized HRH bypass valve size. For combined cycle system designs with HP and reheat bypass sizes which have flow passing capabilities slightly larger than the flow passing capability of the steam turbine intercept valves reheat bypass floor pressure setpoints in the range of 15 to 35% seem appropriate. The specific project’s setpoints must take into consideration the customer operating requirements, combined cycle configuration, and economics. With opening of the control valves, the reverse flow discharge and reverse flow valve (on hot and warm starts) close and load control is transferred from the intercept valves. In order to ensure that overheating of the HP steam turbine does not occur, the steam turbine controls includes HP exhaust alarm and trips. The specific action (e.g., reduce HP bypass outlet temperature, reduce HP steam temperature, etc.) required to avoid an alarm or trip will vary with the specific operation at the time. The following are typical alarm and trip settings. The actual settings are steam turbine design specific, will be implemented in the steam turbine control system, and should be obtained from Steam Turbine Engineering for the specific project.



HP Exhaust



Trip



Alarm



850°F (454°C)



800°F (427°C)



Figure 4. Typical HP Steam Turbine Exhaust Alarm and Trip Settings IV. LOW PRESSURE STEAM TURBINE CONSIDERATIONS In conventional power plants with reheat steam turbines, rotation loss heating of the steam turbine low pressure blading commonly occurs during low flow operation. As a result, reheat steam turbines include exhaust
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hood sprays to cool the last stage buckets and the low pressure exhaust hood. The amount of heating is determined by the reheat steam temperature, turbine exhaust pressure and steam flow. Although exhaust hood spray operation is common in conventional power plants, the potential for excessive low pressure heating is greater in combined cycle power plants because of the much higher gas turbine exhaust temperatures entering the HRSG. Although excessive heating in the low pressure turbine is of concern during startup, of specific concern is full load operation of the gas turbine with the steam turbine is at full speed with no load. During this operation, reheat steam temperatures can be at or close to their maximum values, reheat steam flow to the steam turbine is at a minimum, and the expansion endpoint may be superheated instead of wet. Although the steam turbine has exhaust hood sprays these sprays are only effective in cooling the last stage buckets and the exhaust hood. They are not effective in cooling the other low pressure stages. In addition, excessive operation of the exhaust hood sprays accelerates last stage bucket erosion and operation in this mode should be minimized. Reducing condenser pressure, providing additional reheat steam temperature reduction capability , etc. may be required to keep low pressure turbine at acceptable temperatures. In order to ensure that the steam turbine is adequately protected from excessive temperatures during all operating modes, the steam turbine control system also includes alarms and trip settings for the low pressure turbine. These provisions are located at the next to last low pressure (L–1) stage and are typically set as shown in Figure 5. Steam Turbine Engineering should be contacted to determine the exact settings for a specific turbine type. The power plant should be designed and operated to avoid operation in an alarmed condition.



L–1 Alarm Setting



450°F (232°C)



L–1 Trip Setting



500°F (260°C)



Figure 5. Typical LP Steam Turbine Alarm and Trip Settings V. STEAM TURBINE OPERATION GE’s steam turbine design and operating requirements for combined cycle power plants have evolved from the application of “European style”, pressurized reheater bypass systems in conventionally fueled power plants which went into service in the 1980’s. The need to prevent high pressure and low pressure turbine overheating was similarly recognized for these applications and the concept of using reverse flow cooling in the HP steam turbine and using the turbine intercept valves for rolling and initial loading to deal with HP and LP overheating concerns was demonstrated. These same concepts therefore have been adapted to combined cycle power plants having pressurized reheaters during startup and other transient operation. The concerns, and features included, for steam turbines which will operate with combined cycle cascading bypass systems have been described previously. The following is an overview of the operating sequence associated with the steam turbine as it relates to operation with cascading bypass systems. The system designer also needs to include in the plant design and operation the many other requirements which are commonly required for all types of power plants. These include exhaust pressure and temperature limitations, steam seal requirements, vibration requirements, drain valve operation etc. A. Starting and Loading 1. With the steam turbine seals operating and condenser vacuum established ,the starting gas turbine is fired and load is increased to provide the necessary steam temperature for steam turbine metal temperature matching. Generally the hotter the steam turbine metal temperature the greater the gas
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turbine load. With the bypasses in service the turbine reverse flow discharge valve is open minimizing pressurization of the high pressure turbine. The reverse flow valve remains closed. 2. The steam turbine is rolled and initially loaded using the intercept valves with the main control valves closed. In order to open the reheat stop valves against the elevated reheater pressure, equalizer valves connected to the condenser have been included. When the steam temperature to turbine metal temperature matching requirements of the HP and IP turbine sections have been met, steam can be admitted to the intercept valves for rolling the steam turbine. If the steam turbine uses a combined HP/IP design the allowable temperature guidelines between HP and IP steam temperature must also be adhered to. 3. If the HP steam turbine metal temperature is less than 400°F (204°C), the startup is considered to be a cold start and the reverse flow valve is not used. The steam turbine is rolled by admitting steam and controlling speed using the intercept valves. At 75% of speed, the reverse flow valve opens if the 1st stage metal temperature prior to roll is greater than 400°F (204°C). 4. The steam turbine is synchronized and initially loaded using the intercept valves. The steam turbine control system can initiate control valve admission, “forward flow operation” if the intercept valve demand (flow passing capability of the intercept valves with the given steam conditions) is greater than 50% of the intercept valves’ wide open flow passing capability at the operating HRH bypass system pressure. Forward flow operation is initiated with a rapid opening of the maintain control valves. A small step increase in steam turbine output occurs with opening of the control valves. With the initiation of forward flow operation, the main control valves participate in load control. The reverse flow discharge valve and reverse flow valve, if opened, are closed. 5. Loading of the steam turbine continues with increasing flow through the main control and intercept valves. The intercept valves continue in load control until they are 80–85% open. After reaching about 80–85% open they are stepped to fully open, and the steam turbine intercept valves and HRH bypass valves operate in parallel with the HRH bypass setpoint tracking above the hot reheat pressure. 6. Additional loading of the steam turbine is by using the main control valves B. Load Rejections Besides starting and loading capability, many customers require that the bypass system be designed to provide additional operating flexibility in the event of system faults or equipment problems. For example, in the event of a steam turbine load runback or load rejection the gas turbine(s) must be capable of continuing to operate at base load while restarting the steam turbine. These operating requirements need to be identified early in the design to properly size the bypass system and other balance of plant equipment. An advantage of the HP reverse flow and intercept valve flow control is that it does permit independent operation of the gas turbine at base load and the steam turbine at full speed no load (FSNL), provided that the bypass and associated equipment has been sized accordingly. Following a steam turbine load rejection, with the bypass system in operation, the main control valves close and the reverse flow and reverse flow discharge valves open to provide cooling of the HP steam turbine. The steam turbine intercept valves initially close and then re-open at the appropriate time to provide speed control.
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Steam Turbine Guidelines for Multi-Shaft, Combined Cycle, Cascading Bypass Operation Another concern is the reheat steam temperature. High reheat steam temperature, along with rotation loss heating, may result in excessively high low pressure turbine temperatures. The system design must take this into consideration. Additional reheat attemperation capability, minimizing condenser pressure, etc. help to keep the temperatures within acceptable levels. Further, it needs to be recognized that due to the gas turbine exhaust characteristics, a significant reduction in gas turbine load would be needed to reduce reheat steam temperature by gas turbine load reduction alone. If the steam turbine is to be capable of reloading after a FSNL rejection with the gas turbine(s) at base load the combined cycle design must take this requirement into consideration. The steam turbine would be reloaded using the intercept valves until forward flow is initiated. During the forward flow transfer the steam turbine output undergoes a step change in output. This change in output can be minimized by reducing reheat pressure level at the transfer by increasing the reheat bypass system capacity or through the use of bypass dampers to reduce the amount of steam flow. Each plant operating requirement, including the transients, needs to be analyzed to determine that the system design and intended operating modes are acceptable.



VI. SUMMARY In summary, for cascading bypass systems, which result in pressurization of the reheater, the steam turbine requires special design provisions and operating requirements. These requirements need to be considered early in the design phase in order to establish the system design needed to meet the customer’s plant operating requirements. For specific questions regarding the steam turbine design or operating requirements, GE’s Steam Turbine Engineering should be consulted.



GE Power Systems General Electric Company One River Road, Schenectady, NY 12345 518 • 385 • 2211 TX: 145354





 View more...



Comments






















Report "GEK-107061"






Please fill this form, we will try to respond as soon as possible.


Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description








Close
Submit















Share & Embed "GEK-107061"





Please copy and paste this embed script to where you want to embed



Embed Script




Size (px)
750x600
750x500
600x500
600x400





URL










Close











About | 
Terms | 
Privacy | 
Copyright | 
Contact



 
 
 










Copyright ©2017 KUPDF Inc.








 SUPPORT KUPDF


We need your help! 


Thank you for interesting in our services. We are a non-profit group that run this website to share documents. We need your help to maintenance this website.

	
Donate

	
Sharing







To keep our site running, we need your help to cover our server cost (about $400/m), a small donation will help us a lot.





	
Share on Facebook

	
Share on Google+

	
Tweet

	
Pin it

	
Share on LinkedIn

	
Send email




Please help us to share our service with your friends.








No, thanks! Close the box.








