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A GAME CHANGER FOR GLAND SEALING IN GENERAL 
PURPOSE STEAM TURBINES

When it comes to dynamic sealing, the “best solution” is 

not always the “right solution.” Economics play heavily into 

seal selection. A user must weigh the benefi ts of reduced 

leakage – improved effi ciency, reduced emissions, and/or 

increased reliability – against the cost to purchase and install 

the seal. Brush seals, a proven technology carried over from 

aerospace developments, provide one cost-effective means 

to upgrade sealing in turbomachinery.

Dynamic seals generally fall into one of two product families: 

rigid geometry seals or compliant geometry seals. When a 

rigid geometry seal makes contact with the rotor – an event 

known as a “rub” – it typically results in the permanent 

removal of effective sealing material, increasing leakage. In 

contrast, compliant geometry seals track rotor movement 

with minimal loss of effective sealing material when a 

rub is experienced. The machine returns to steady state 

performance with minimal increase in leakage.  

Brush seals fall into the category of compliant sealing. 

Densely packed bristles bend with rotor contact, giving brush 

seals an innate ability to follow rotor movement with minimal 

wear. Brush seals can be particularly effective in reducing 

leakage gaps that occur from large thermal differences 

between rotating and stationary components and/or from 

signifi cant radial movement of the rotor.  

Large gas and steam turbine applications commonly employ 

brush seals to reduce the leakage gap experienced with 

labyrinth seals – increasing operational effi ciencies. In 

general purpose steam turbines, brush seals enhance the 

performance and longevity of carbon rings. 

The use of steam generation to support operations is 

commonplace in many refi neries, petrochemical plants and 

food processing centers. Where different processes require 

different steam conditions, steam pressure may need to be 

knocked down from one process to another. The simplest 

solution is to use a pressure-reducing valve, but a more 

effi cient alternative is to do some work with the available 

energy. A general purpose steam turbine does just that. The 

turbine knocks down steam pressure by converting it into 

rotational energy to drive a small pump, a compressor or other 

equipment. General purpose steam turbines are typically 

classifi ed with output ratings below 3500 hp (2.6 MW). 

Conventional Carbon Rings

Conventional gland sealing in general purpose steam turbines 

is accomplished with carbon rings. A carbon ring comprises 

three segments held together with a garter spring. Typically, the 

steam end and exhaust end gland boxes each carry four to fi ve 

carbon rings, though there may be more. Unlike labyrinth seals, 

carbon rings are not rigidly mounted into a turbine’s casing; the 

segments are installed on the turbine’s rotor in a gland pocket. 

Carbon rings have two sealing surfaces: a face seal to the 

downstream wall of the gland pocket and a shaft seal to the 

rotor surface. The face seal prevents steam from going around 

the carbon ring while the shaft seal, the ring’s inner bore, 

controls steam leakage along the turbine’s rotor. Over time, 

wear to the carbon bore opens its shaft clearance, causing 

steam leakage to increase. This increase in steam leakage 

negatively affects operational costs as well as maintenance 

costs. Leaking steam can fl ow into the bearing sump, 

Typical gland box outfi tted with 

conventional carbon rings
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contaminating the lubricating oil, or thermally increase 

bearing oil temperatures. Oil contamination and higher 

oil temperatures will degrade bearing performance and 

increase the potential for bearing failure. In addition, the 

natural composition of carbon can break down in a steam 

environment, which can result in excessive leakage and 

subsequent erosion of the gland box.

Applying The Brush Seal

The incorporation of brush seal technology into general 

purpose steam turbine carbon rings mitigates carbon wear at 

the rotor interface and signifi cantly reduces steam leakage. 

This hybrid solution is the Sentinel® Floating Brush Seal 

(FBS) from Inpro/Seal®. The Sentinel FBS utilizes brush seal 

technology as the primary shaft seal while a carbon ring 

provides face sealing in the gland box. The combination of 

the two technologies provides a robust and self-centering 

assembly that is a drop-in replacement for conventional 

carbon rings. With the brush seal technology on the upstream 

side of the gland box, the bristle pack reduces the pressure 

on downstream seals while acting as a natural excluder to 

fi lter out steam contaminants. The added benefi t with a brush 

seal is prolonged seal life and a lower, more stable leakage 

rate. “The Sentinel Floating Brush Seal not only reduces 

steam leakage and bearing oil contamination, it also reduces 

the erosion we typically see inside the gland box when end 

users have steam purity issues,” explains Michael Godzwon, 

Manager, Technical Support at Dresser-Rand.

The fi rst fl oating brush seals for general purpose steam 

turbines were introduced to the marketplace in the early 

2000s to address complaints about carbon rings from 

equipment operators. A brush ring was contained in a 

stainless steel carrier, much like a brush seal for a jet engine. 

However, the all-metal construction of these fi rst fl oating 

brush seals made them too heavy and the seals did not 

fl oat. The bristle pack wore out too quickly under the seal’s 

own weight. To lighten the assembly, a carbon ring was 

reintroduced. 

The second generation fl oating brush seals – the hybrid 

solution described above – made their way into the market 

around 2007. This Sentinel FBS is a split design held together 

with a garter spring. The likeness to conventional carbon 

rings makes fl oating brush seals easy to install without 

having to remove the rotor and eliminates the need for costly 

casing modifi cations required by other seal technologies. 

Typically, two Sentinel FBSs are installed in each gland box. 

Downstream seals are replaced with new carbon rings. 

Less Maintenance, Lower Leakage

Early adopters of the Sentinel FBS tested the seal’s 

capabilities on their most troublesome turbines. Wet steam 

conditions and cyclic operations were taking their toll on the 

carbon ring performance. The result was heavy maintenance 

and costly steam losses. One customer was changing out 

carbon rings every three to four months. Another had a visible 

condensate cloud after just four weeks. In both cases, the 

robustness of the Sentinel FBS was able to alleviate their 

problems. Maintenance intervals were extended to three to 

four years, steam leakage rates reduced by nearly 70%, and 

bearing oil temperatures reduced by as much as 27°C (80°F). 

The product’s success on these bad actors was the impetus 

for its two-year extended warranty.

Since these early successes, hundreds of the Sentinel FBS 

have been installed. The Sentinel FBS is available for a wide 

range of general purpose steam turbines, including Elliott, 

Dresser-Rand, Turbodyne, Terry, Coppus, Worthington and 

other makes. 

Sentinel® Floating Brush Seal 

Gland box upgrade with two Sentinel 
Floating Brush Seals



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


