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Todayôs Presentation

ΚQuick IMI CCI overview

ΚTurbine Bypass Application Basics

ΚDesuperheating

ΚWater Cooled Condenser vs. 

Air Cooled Condenser

ΚNoise in Turbine Bypass Systems

ΚPhysics of Noise

ΚImpact of ACC on TBS

ΚImpact of TBS on ACC

ΚSummary



Goals of this Discussion

ΚInform / Educate Users of the challenges associated 

with Bypassing to the ACC duct

ΚBe educated and informed from the Users on issues 

related to their bypass stations and ducts

ΚPartner with some Users to study the noise and 

vibration levels generated during startup and full bypass
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ΚThe largest dedicated severe 

service valve company in the 

world ~$600M revenue per  

annum

ΚWhat is Severe Service?

Κ High Pressure

Κ High Temperature

ΚLocal support

ΚSales

ΚEngineering

ΚCommissioning and Start-up 

Services

ΚOutage Support

IMI CCI is é



Common Severe Service Applications
in Power 

ΚMain BFP min flow 

recirculation

ΚStart-up & Main Feedwater

Regulation

ΚTurbine Bypass 

ΚInterstage Attemperation

ΚStartup and Emergency 

Vents

ΚAuxiliary Steam / Steam 

AUG



Turbine Bypass Application Basics



Application Basics

ΚWhat is a Turbine Bypass System (TBS)?

Desup

Steam Valve

Water Valve

A steam conditioning system that reduces pressure and 

temperature while bypassing the Steam Turbine

Actuator



ÂMillmerran

420MW Power Plant

ÂHRH-Bypass

Large Bypass System



Application Basics

ÅIn CCPPs typically 3 systems

ïHigh Pressure (HP) to                        

Cold Reheat (CRH)

ïLow Pressure (LP)                                 

to Condenser

ïHot Reheat (HRH)                                  

to Condenser

HP

RH
LP

HRSG

Turbine

Condenser

HP

HRH

CRH

H2O



Application Basics

ΚWhen & Why are TBS used?
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Unit A Start-up, 9/16/2009

ÅStartup and Shutdown
ïControl the heat up of the HRSG   

and ST

ïHRSG and Condenser fully 

operational before rolling the ST

ÅSteam Turbine (ST) Trip
ïConserve steam vs. dumping it to 

atmosphere

ïDecouple the Gas Turbine/HRSG 

from the ST/Generator

ïProtect the HRSG and Condenser



Turbine Bypass Valve Design



Valve Internal Design

ΚSliding plug and stem valve

ΚHigh temperature design

ΚMaterial Strength

ΚGalling

ΚFast acting in trip mode

ΚThermal gradients

ΚDifferential Expansion

ΚHigh Pressure Drop

ΚHigh velocity

ΚHigh energy



Ao

Ao

Single-Stage 

Multi-Path
Multi-Stage 

Multi-Path

General Valve Design



DRAG® velocity control principle

Single stage pressure reduction Multi stage pressure reduction

Multi path multi stage disk DRAG® disk stack



DRAG® velocity control flow path

Over the plug flowUnder the plug flow



DRAG® Punched Diskstacks



Turbine Bypass Experience

Over 1000 Turbine Bypass Installations in North America

+85 Years of Steam Conditioning Experience World Wide



Desuperheating in Turbine Bypass Systems



Desuperheaters in TBS



HRH to Condenser Desup ïCritical
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HP

RH
LP

HRSG

Turbine

Condenser

HP

HRH

CRH

H2O

ÅHot Reheat (HRH) to Condenser

ÅHighest temperature 
differentials, >900F
ÅColdest spray water, uses 
condensate ~120F
ÅLargest ǇƛǇŜΣ нпέ ςпнέ
ÅBiggest change in density, 
dumping to vacuum 
ÅLargest water-to-steam 
ratios (>30%)



Water Cooled ïModerate Design Temps
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Air Cooled Condensers
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ACC Steam Ducts ïLow Design Temps



HRH Bypass Outlet Temperatures

ΚWCC plant designs

ΚCommon water cooled condenser enthalpy ~ 1225 Btu/lbm

ΚEquals ~395F at 100psi, ~67F Superheat

ΚACC designs require lower temperatures due to flexibility 
requirements of the seals in the ACC Steam Duct

ΚCommon temperature limit of 250F in condenser, ~1160 Btu/lbm

ΚEquals ~330F at 100psi ςSaturated Steam ~97% Quality

Κ2-stage desuperheatingis often required



HRH Bypass ïCLOSE COUPLED 



HRH Bypass ï2nd Stage Spray



Installation Example

28

ÅElbow into duct ςnot 
ideal

ÅSite was using Temp 
Feedback
ÅSetpoint< Tsat
ÅCracking Downstream 
Pipe due to excess 
water              



Water Damage to ACC 
- separation at inlet elbow

Destroys Dump Resistor: 

Elbow into duct and poor 

water control

Excess water erodes duct:

Poor Control



Excess Water ïCracks Pipes 
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Temperature Feedback ïNot Possible



Enthalpy Control System 
ïBack Press.

 

Spray water 
valve 

Trh 

Fw =f(Dp) 

Pdum

p 

Steam control valve 

HRH 
Trh = Steam inlet temp. 
Tsw = Spray water inlet temp. 
Pdump = Dump tube press.             
Fw = Water flow 
 

 

Tsw 

Fw = f(Pdump, Tw, Trh) 
 



Noise in Turbine Bypass Systems



ΚMethods of Prediction

ΚISA

ΚIEC - International Electrotechnical Commission

ΚModified measurements

ΚThe final prediction is a hybrid of many calculations

ΚEntire Physics of Compressible Flow Noise

ΚGeneration 

ΚAcoustic field development

ΚTransmission through pipe wall

ΚPropagation to the measuring point

Turbine Bypass System Noise



ΚGeneration/Acoustic Field Development

ΚNoise is created in compressible systems by 

pressure fluctuations due to jets that are 

dominated by:

ΚTurbulence

ΚShock-cell interactions

Compressible Flow Noise



ΚTransmission through pipe wall

ΚCoupling of frequencies from generated noise with piping 

modes

Compressible Flow Noise



ΚPropagation to the measuring point

ΚPoint source

ΚDouble distance results in 6 dB(A) less noise

ΚLine source

ΚDouble distance results in 3 dB(A) less noise

Compressible Flow Noise



Noise Reduction

ΚReduce noise by:

ΚDivide total pressure drop into multiple stages

ΚDivide large diameter jet(s) into smaller diameter jets

ΚDampen the noise (absorption material)

ΚMove further away from the noise (distance attenuation)



Valve Trim Noise

Outlet Noise

Expansion Noise

Diffuser Noise

Noise Sources



Discharge Device/Sparger/Dump Element



Coalescing Jets



dB difference

between noise sources

dB to add to

largest noise source

0 to 1 +3

2 to 3 +2

4 to 8 +1

9 or more +0

Adding Noise Sources


