
 

Revision 3  January 4, 2019 

Individual chapters of the Kalsi Seals HandbookTM are periodically updated. To determine if 
a newer revision of this chapter exists, please visit https://www.kalsi.com/seal-handbook/. 

 
 

 NOTICE: The information in this chapter is provided under the terms and conditions of the Offer of  
 Sale, Disclaimer, and other notices provided in the front matter of this handbook. 
 

 

Document 3083  © 2019 Kalsi Engineering, Inc. All rights reserved. 

 Kalsi Seals Handbook 
 

   

     

Chapter D12 

 

 

 

 

 

 

 

 

 

 

 

 

 

Miscellaneous lubricant related information 



Miscellaneous lubricant related information Chapter D12  Page 1 
 
  

 

     
Search this handbook Contact Kalsi Engineering 

1. Lubricant viscosity requirements 
 

The hydrodynamic film thickness of a Kalsi-brand rotary shaft seal depends on various 

factors, including seal geometry, seal hardness, rotary speed, differential pressure, and 

lubricant viscosity1, which is temperature dependent. Viscosity recommendations for 

specific seal patterns and operating conditions are typically provided in Section C of this 

handbook. Contact Kalsi Engineering for additional assistance. 

Viscosity requirements are highly dependent on seal type, heat transfer conditions, and 

other operating conditions of a particular rotary shaft seal assembly and are best 

determined by testing with the actual hardware. Higher viscosity lubricants may be 

needed to minimize asperity contact2 in applications with slow shaft speeds, higher 

temperatures, or higher differential pressure. Well cooled high surface speed applications 

may develop enough film thickness with lower viscosity lubricants. Excessively high 

lubricant viscosity can promote increased running torque and heat3. Optimum viscosity 

can only be determined by rotary testing in the actual machine assembly, under thermal 

conditions that are a reasonable match to the actual application. 

Lubricant viscosity increases as temperature decreases. To avoid excess startup leakage, 

cold climate applications may require high viscosity index4 lubricants to avoid an 

excessive increase in lubricant viscosity, or pre-heating of the seal lubricant before 

operation, or higher differential pressure at the time of startup. 

When low viscosity lubricants such as hydraulic fluid must be retained at high 

differential pressure in equipment such as hydraulic swivels, seals with more aggressive 

wave patterns (such as Enhanced LubricationTM, Hybrid, or Plastic Lined SealsTM) are 

recommended. Hybrid SealsTM are suggested for oilfield rotary steerable tools that use 

relatively low viscosity hydraulic fluid at relatively high temperatures. 

 

  

 
1  Viscosity is a measure of resistance to flow. Low viscosity lubricants are thinner, and less resistant to 

flow. High viscosity lubricants are thicker, and more resistant to flow. 

2  The term “asperity contact” is used to describe poorly lubricated contact between microscopic high 
points of the rotary seal and the shaft. Excessive asperity produces adhesive wear and additional seal 
generated heat. More viscous lubricants produce a thicker interfacial film, which helps to reduce 
asperity contact. As an intuitive example, imagine sliding down a steep slope covered with cement. 
Your skin would be less abraded if the cement was wetted with molasses, compared to being wetted 
with water. The higher viscosity of the molasses would provide a thicker film between your skin and the 
cement, compared to water, minimizing contact between your skin and the rough cement. 

3  For example, in a 1,000 psi (6.89 MPa) lab test, an ISO 6800 viscosity grade lubricant produced about 
54% more running torque than a typical test with an ISO 320 viscosity grade lubricant. This is because 
of increased shear stress due to increased viscosity. 

4  The higher the viscosity index, the less the lubricant viscosity changes with temperature. 
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Viscosity estimation at various temperatures 

Lubricant viscosity at various temperatures within a limited range can be estimated using 

the ASTM D 341 standard viscosity chart for liquid petroleum products, chart III. This 

chart has been computerized by Kalsi Engineering, and the resulting software (Figure 1) 

is available for free to Kalsi Engineering’s customers. Table 1 provides sample output 

from the software to help the reader understand that lubricant viscosity changes 

significantly with temperature. 

 

 

Figure 1 

Viscosity calculator software 

Kalsi Engineering’s free “Viscosity Calculator” software computerizes the 
ASTM D 341 standard viscosity chart for liquid petroleum products, chart III. 

 

 

http://www.kalsi.com/seals/seal-handbook-search
http://www.kalsi.com/kalsi-engineering-contacts


Miscellaneous lubricant related information Chapter D12  Page 3 
 
  

 

     
Search this handbook Contact Kalsi Engineering 

 

Table 1 

Sample output from the Viscosity Calculator software 

This sample output from the Viscosity Calculator is based on the PAO 
synthetic hydrocarbon lubricants we typically use in our dynamic seal testing. 
This table is provided to help the reader understand that lubricant viscosity 
changes significantly with temperature. 

 

2. Elastomer compatibility with various lubricants 
 

Information about lubricant compatibility with various elastomers is often provided by 

the lubricant manufacturer as a courtesy. The website of Nye Lubricants, Inc. 

(www.nyelubricants.com) provides a particularly useful compatibility chart for a variety 

of synthetic lubricants and elastomers. Lubricants that produce significant elastomer 

swelling should be avoided because they alter material properties, which can negatively 

impact the performance of rotary shaft seals. 

Synthetic hydrocarbon lubricants are compatible with HNBR 

Most of Kalsi Engineering’s high-pressure rotary seal testing with HNBR seals have been 

performed with polyalphaolefin (PAO) synthetic hydrocarbon (SHC) liquid type 

lubricants5 which were developed for maximum film characteristics under extreme loads 

and elevated temperatures. Kalsi Engineering recommends such lubricants for most 

 
5  “Liquid type lubricants” refers to oils, as opposed to greases. 

°C °F 32 VG 68 VG 150 VG 320 VG 680 VG

0 32 270.5 676.2 1834.6 4382.5 10089.3

10 50 138.1 331.5 856.7 1997.8 4459.3

20 68 77.8 179.2 441.9 1003.4 2171.5

30 86 47.5 105.1 247.7 547.2 1148.5

40 104 31.0 66.0 149.0 320.0 652.0

50 122 21.4 43.9 95.1 198.7 393.4

60 140 15.4 30.6 63.9 129.9 250.2

70 158 11.6 22.2 44.8 88.8 166.6

80 176 8.9 16.7 32.7 63.0 115.4

90 194 7.1 13.0 24.6 46.3 82.8

100 212 5.8 10.3 19.0 35.0 61.2

110 230 4.8 8.4 15.1 27.1 46.5

120 248 4.1 6.9 12.2 21.5 36.2

130 266 3.5 5.8 10.0 17.4 28.7

140 284 3.0 5.0 8.4 14.3 23.2

150 302 2.7 4.3 7.2 12.0 19.1

Viscosty, cSt
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applications that employ HNBR seals, because they tend to have higher load capacity 

than the other lubricants that are compatible with NBR type elastomers.  

Such SHC lubricants are typically recommended for service temperatures less than 250°F 

(121.1°C) and have significantly shorter useful life at higher temperatures. For example, 

one manufacturer rates the useful life of its SHC lubricants as about 1,350 days at 160ºF 

(71.1ºC), 666 days at 180ºF (82.2ºC) and 33 days at 250ºF (121ºC); see  

Figure 2.  

 

 
 

Figure 2 

This graph shows how one lubricant manufacturer rates the life of its PAO 
SHC lubricant product line, as a function of temperature. 

 

Consult your lubricant manufacturer 

The extreme pressure (EP) additives in some SHC lubricants reportedly attack copper and 

silver-based metals at temperatures higher than 210°F (98.9°C). If you are using copper 

or silver-based materials or coatings, check with your lubricant manufacturer on this 

topic. Avoid lubricants containing amines when conventional FKM materials are being 

used. Consult your lubricant manufacturer for detailed lubricant information, including 

viscosity, service temperature range, and compatibility with elastomers and other 

materials. 

 

3. Lubricants for mud motor bearings and rotary seals 
 

Lubricant selection is an important consideration for oilfield mud motor sealed bearing 

assemblies, due to the extreme operating conditions encountered by the rotary seals and 
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bearings. Adequate viscosity at operating temperature is important because both the 

bearings and the Kalsi-brand rotary seals rely on hydrodynamic lubrication to minimize 

wear. The lubricant viscosity used in mud motors is typically dictated by the bearings, 

and a relatively high viscosity may be required to satisfy bearing requirements.6 The 

hydrodynamic pumping related seal leakage that occurs during rotation increases with 

lubricant viscosity, because film thickness increases (Handbook Section C). 

 Kalsi Engineering recommends that mud motor bearing assemblies and similar elevated 

temperature, high differential pressure, heavy bearing load applications use liquid type 

synthetic lubricants that are compatible with the seal materials.  

 

4. Be cautious when using grease with Kalsi Seals® 
 

Liquid type lubricants are recommended for use with most7 Kalsi-brand elastomeric 

rotary seals because, unlike some greases, they are not abrasive to the seals. Unlike liquid 

type lubricants, greases are not a Newtonian fluid, and pressure response may be sluggish 

when small passageways are involved. Many greases are non-Newtonian soap complexes 

with a variety of other constituents, such as graphite and Molybdenum disulfide. The 

soap complex acts as a carrier for the other constituents. 

Kalsi Engineering has performed tests at speeds up to 346 ft/minute (1.76 m/s) with 

various grease type lubricants using 2.75" (69.85 mm) diameter, 0.335" (8.51 mm) radial 

cross section seals constructed from several different elastomeric materials. Some of the 

conclusions from this testing are as follows: 

• The particles found in some greases can severely abrade and otherwise damage 

the elastomers used in rotary seals. Rotary testing is required to determine the 

suitability of any given grease. This damage is worse at higher temperatures, 

higher speeds, and higher compression levels. Various damage mechanisms have 

been observed with greases, from simple third body abrasive wear to bizarre crack 

initiation and propagation.  

• Softer durometer HNBR seal materials are typically better able to resist grease 

particle-induced rotary seal abrasion, compared to harder durometer HNBR seal 

materials. The -30 FKM seal material wore severely with every grease it was 

tested with. 

 
6  Commercial lubricant filling systems are available that have heaters to lower the viscosity of high 

viscosity lubricants, for ease of filling. 

7  Kalsi-brand high performance washpipe packing is used with grease. The fabric reinforced construction 
of packing limits the wear associated with the use of grease.  
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• Lithium based greases have provided a little better performance than many 

calcium complex-based greases. 

• When basic 0.335" (8.51 mm) radial cross section Kalsi Seals are used with 

grease, the recommended 0.289" (7.34 mm) minimum groove width for liquid 

type lubricants at temperatures up to 300°F (148. 9°C) is too small and causes 

shorter seal life; the minimum recommended groove width is 0.295" (7.49 mm). 

• Rotary seals operating with heavy greases generate much more torque and heat 

than seals operating with a suitable liquid type lubricant. This extra heat is 

detrimental to seal performance and life. 

If grease is necessary in your application, testing at actual service temperatures and 

speeds is recommended to determine rotary seal performance with your specific grease. 

Beware that grease constituents and performance may vary from batch to batch. 

Test specimens from recent testing with grease 

Figures 3 to 7 show Wide Footprint Kalsi SealsTM from rotary testing that was performed 

with three different greases. All tests were performed at 345 ft/minute (1.75 m/s) with a 

target bulk lubricant temperature of 162°F (72.2°C). As can be seen from the photos, all 

the greases had an abrasive effect on the seals, but the Valvoline multi-purpose grease 

was less abrasive than the other two. 

 

 

Figure 3 

This worn PN 507-5-11 seal ran for 28.4 hours with a grease that was developed for, and works 
well with, fabric reinforced oilfield washpipe packing. The bulk temperature was 160 to 190°F 
(71.1 to 87.8°C), the grease pressure was 47 psi (342 kPa), and the surface speed was 345 
ft/minute (1.75 m/s). 
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Figure 4 

This worn PN 507-5-11 seal ran for 107.5 hours with Royal Purple #2 grease. The bulk 
temperature was 162°F (72.2°C), the grease pressure was 90 psi (0.62 MPa), and the surface 
speed was 345 ft/minute (1.75 m/s). 

 

 
 

 

 

Figure 5 
This worn PN 507-5-11 seal ran for 111 hours with Valvoline multi-purpose grease. The bulk 
temperature was 162°F (72.2°C), the grease pressure was 80 psi (0.55 MPa), and the surface 
speed was 345 ft/minute (1.75 m/s). 
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Figure 6 
This worn PN 507-5-30 seal ran for 100.3 hours with Valvoline multi-purpose grease. The bulk 
temperature was 162°F (72.2°C), the grease pressure was 50 psi (345 kPa), and the surface 
speed was 345 ft/minute (1.75 m/s). 
 

 

 

Figure 7 
This worn PN 507-5-30 seal ran for 138.3 hours with Valvoline multi-purpose grease. The bulk 
temperature was 170°F (72.2°C), the grease pressure was 80 psi (0.55 MPa), and the surface 
speed was 345 ft/minute (1.75 m/s). 

 

5. Biodegradable lubricants 
 

A certain amount of Kalsi SealTM testing has been performed with biodegradable 

lubricants; call for more information. For a better understanding of biodegradable 

lubricants, see Society of Tribologists and Lubrication Engineers (STLE) Preprint No. 

97-WTC-20, titled “Biodegradable Lubricants”. 

 

http://www.kalsi.com/seals/seal-handbook-search
http://www.kalsi.com/kalsi-engineering-contacts


<<
  /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




