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• To properly size an expansion tank you must 
have…
• The fluid volume of the system
• The lowest temperature that is used to fill the systems 
• The maximum operating temperature 
• The minimum fill pressure (static pressure)
• The relief valve setting
• The type of fluid

• 100% water
• 50/50 glycol
• Some other mix
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• Methods

• Calculation as per ASHRAE
• Manufactures Software
• Spreadsheets
• Use Expansion and Acceptance Tables
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• ASHRAE sizing formula for a diaphragm expansion tank

v1 = specific volume of water at lower temp., ft3/lb
v2 = specific volume of water at higher temp., ft3/lb
α = linear coefficient of thermal expansion, in/in ·°F

= 6.5 × 10−6 in/in ·°F for steel, 
= 9.5 × 10−6 in/in ·°F for copper

Δt = (t2 – t1), °F

=Vsx
1-(P1)/P2)

(v2/v1)-1  - 3ά∆t
Vt

Vt = volume of expansion tank, gal
Vs = volume of water in system, gal
t1 = lower temperature, °F
t2 = higher temperature, °F
P1 = pressure at lower temp., psia
P2 = pressure at higher temp., psia

P1 & P2 are absolute pressures, add 14.7 psi to gauge.
Specific volumes are taken from Table 1 next page.
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• Table 1, Specific Volumes (Typical for Hydronic Systems)

© 2005, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted with permission from ASHRAE Applications Handbook. This 
article may not be copied nor distributed in either paper or digital form without ASHRAE’s permission.
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• Example: Size an expansion tank for a heating water 

system that will be operated at a design temperature 
range between 40 °F and 180 °F. The minimum 
pressure at the tank is 15 psig (29.7 psia) and the 
maximum pressure is 30 psig (44.7 psia). 
(Atmospheric pressure is 14.7 psia.) The volume of 
water is 3000 gal. The piping is steel.

=3000x
1- (29.7/ 44.7 )

( 0.01650 / 0.01600 )-1  - 3 ( 6.5x10-6 ) (180-40)
254 gal
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• Spreadsheets from www.healthyheating.com

DESIGN CRITERIA For 50% For 100%
Fd System Fluid, 100% Water or 50% Glycol Glycol Water
Vs Volume of water in system, gal Enter 3000.0 3000.0 supplied
T1 Lower temperature, f, ie: fill temperature  Enter , 40 or 60 40.0 40.0 supplied
T2 Higher temperature, f, ie: maximum operating temp.  Enter, Max 200 of 180.0 180.0 supplied
Pa Atmospheric pressure, psia 14.7 14.7 default
Pf Minimum pressure or fill pressure, ie: pressure regulator setting Enter 15.0 15.0 supplied
Pr Maximum pressure or pressure relief valve setting Enter 30.0 30.0 supplied
P1 Absolute pressure at lower temperature, psia  29.70 29.7 calculated
P2 Absolute pressure at higher temperature, psia  44.70 44.7 calculated
V1 Specific volume of water at lower temperature, ft 3̂/lb ASHRAE chpt 6. Table 0.02 0.016020 default
V2 Specific volume of water at higher temperature, ft^3/lb ASHRAE chpt 6. Table 0.02 0.016510 default
Xs Thermal expansion for steel, in/in * f 0.00 6.50E-06 for steel
Delta T (T2-T1), f  140.00 140.0 calculated
Af Acceptance factor 0.34 0.3356
Ef Expansion factor 0.05 0.0279

EXPANSION CALCULATION RESULTS For 50% For 100%
Glycol Water

Mvv Minimum vessel volume required for all bladder/diaphragm models, USgal. 413.11 249.04
Mav Minimum acceptance volume required for diaphragm tanks only, USgal. 138.63 83.57
Vt Minimum vessel volume required for closed tanks, plain steel, USgal. 834.64 503.16

Exp. Tank TacoDemo
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40 45 50 55 60 65 70
110 0.00771 0.00773 0.00765 0.00746 0.00716 0.00678 0.00622
115 0.00879 0.00881 0.00873 0.00854 0.00824 0.00786 0.00730
120 0.01004 0.01006 0.00998 0.00979 0.00949 0.00911 0.00855
125 0.01111 0.01113 0.01105 0.01086 0.01056 0.01018 0.00962
130 0.01236 0.01238 0.01230 0.01211 0.01181 0.01143 0.01087
135 0.01368 0.01370 0.01362 0.01342 0.01313 0.01275 0.01219
140 0.01501 0.01503 0.01495 0.01476 0.01446 0.01408 0.01352
145 0.01643 0.01645 0.01637 0.01618 0.01588 0.01550 0.01494
150 0.01787 0.01787 0.01779 0.01760 0.01730 0.01692 0.01636
160 0.02092 0.02094 0.02086 0.02067 0.02037 0.01999 0.01943
170 0.02418 0.02420 0.02412 0.02393 0.02363 0.02325 0.02269
180 0.02763 0.02765 0.02757 0.02738 0.02708 0.02670 0.02614
190 0.03127 0.03129 0.03121 0.03102 0.03072 0.03034 0.02978
200 0.03512 0.03510 0.03504 0.03485 0.03455 0.03417 0.03361

10 12 15 20
30 psig 0.44 0.4 0.33 0.22

Expansion Factor

Fill Pressure At Expansion Tank, psigPressure Relief Valve 
Setting

Acceptance Factors

Fill Temperature,  oFMax. Operating        
Temperature, oF

For 50/50 Glycol, add 60% to above numbers

• Tables from 
Manufacturers

• Acceptance 
Volume = water 
content x 
expansion factor

• Total Tank 
Volume = 
Acceptance 
Volume/acceptan
ce factor

• (3000 USg x 
.02763) / .33 = 
251 US gal.
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• A Note on Types

Bladder Diaphragm
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Radiant Based HVAC Systems

Would you like to see this presentation live?

Contact info@healthyheating.com or visit our website at 
www.healthyheating.com.

If you have questions contact us at our online forum at 
http://www.healthyheating.com/bb2/index.php

This material is presented as an educational service and is supported by 
downloading the Guide to Indoor Comfort Quality and the Architectural Guide to 

Radiant Based HVAC Systems



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [300 300]
  /PageSize [1224.000 792.000]
>> setpagedevice


