
Proudly Australian 
Owned, Designed, Manufactured & Supported 

Design Bulletin 8 
J U L Y , 2 0 0 9  V O L U M E  8 ,  I S S U E  1  

P A G E  1  

This design bulletin deals with the scenario of Unwanted Condensation and attempts to explain how unlikely    
condensation really is under good design conditions.  

How predictable is unwanted condensation? 

Condensation in chilled beams is a popular topic and considered a design risk in many schools of thought.       
Condensation potential is not well understood and is predictable based on physical condensation failure tests    
recently conducted in Dadanco’s scenario analysis facility. 

Scenario: 

Let’s assume a single Active chilled beam delivers 30 L/s primary air at 12ºC 89%rh and is required to deliver 773W 
secondary coil cooling based on 13.5ºC secondary entering water temperature. 
 Room design condition = 23ºC 50%rh    Room dew point temperature = 12.1ºC  
 Sensible cooling load per unit = 1190W    Latent cooling load per unit = 78W 
 Primary air Cooling = 417W     Secondary air Cooling = 773W 
 Secondary water temperature = 13.5ºC    Secondary water flow rate = 0.06 L/s  

To achieve condensation, room air at 23ºC must be sensibly cooled to room dew point temperature of 12.1ºC or 
below to reach a saturation condition. 

If the entering water temperature is 1.5ºC above room dew point temperature this is highly 
unlikely to occur where fluid velocities are low on both the chilled water and secondary air      
quantities. 

Primary air, with an absolute humidity value lower than room air condition is continually delivering 
latent cooling (dehumidification) to the space.                                                ….Continued on Page 2 

Considerations for Active Chilled Beam Designs 
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What Really Happens 

Under the given design conditions, the ACB secondary cooling coil delivers 773W for 87 L/s of secondary air and 
a coil air-off condition of 15.7ºC. Note that this is strictly a sensible cooling process. 

The secondary cooling coil air-off condition can be calculated by determining the air temperature differential (ΔT) 
from the standard energy equation as follows when the secondary air quantity is known: 

 

 

Therefore, for 773W of sensible cooling the coil air-off condition is Room Temperature - ΔT, or  

 23°C - 7.32°C (ΔT) = 15.68°C 

Under design conditions, 15.7ºC secondary cooling coil air-off condition is sufficiently far away from the saturation 
curve that condensation cannot occur.  

Since, no heat exchanger can be 100% efficient, the apparatus temperature of 13.5°C, and a saturated air      
condition, cannot be achieved. 

If the secondary cooling coil were somehow 100% efficient, the lowest off-coil temperature that it could produce 
against 13.5ºC entering water would be 13.5ºC which is still 1.4ºC above the room dew point temperature and 
sufficiently far from the saturation curve that condensation still cannot occur while the 23°C & 50%rh room air   
absolute humidity remains at the value of 8.78 g/Kg or less. 

The concepts of primary air latent capacity delivery are discussed at more length in Design Bulletin 2.  

Essentially the latent capacity delivered can be determined from the energy equation as M*cp*Δw, where: 
 M = Primary Air Mass Flow (L/s) 
 Cp = AIRAH standard coefficient for latent cooling (2.9) 
 Δw = Absolute Humidity Differential (Room air g/Kg - Primary Air g/Kg) 

In the above example, room air of 23°C & 50%rh has an absolute humidity value of 8.78 g/Kg while primary air of 
12°C & 89%rh has an absolute humidity value of 7.79 g/Kg, resulting in an absolute humidity differential (Δw) of 
0.99 g/Kg.  

Therefore, latent capacity of 86W is delivered 

 

The primary air therefore contributes to the stability of the room absolute humidity level. 

= °ΔT       or = 7.32°C (ΔT)  
W / cp 

    M 

773W / 1.213 

      87 L/s 
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 or (M x cp) x Δw) = Wlatent            (30 x 2.9) x 0.99) = 86Wlatent            

….. Continued on Page 3 
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Therefore, it can be reasonably argued that for condensation to occur, the coil entering air condition (room        
condition) must be at a condition equal to the temperature differential of the room air minus the dew point          
temperature for the off-coil air to reach the saturation curve. 

To achieve this with steady state sensible cooling performance suggests latent capacity in the conditioned space is 
far greater than the latent cooling performance delivered by the primary air quantity and/or conditions. 

Moving the secondary cooling coil process line vertically on the psychrometric chart to achieve a point on the   
saturation curve suggests the room condition necessary to achieve condensation against 13.5ºC entering water is 
23ºC, 62%rh as shown below. 

In the above example, the secondary entering water temperature of 13.5°C is now lower than the new room dew 
point temperature of 15.3°C. While the secondary coil air still cannot reach the apparatus temperature of 13.5°C, 
the off-coil condition meets the saturation curve creating the potential for condensation. 

As seen in the psychrometric chart below, the new room condition of 23ºC, 62%rh has an increased absolute    
humidity value of 11.0 g/Kg while the primary air absolute humidity value remains unchanged at 7.79 g/Kg,        
resulting in the primary air quantity of 30 L/s now delivering 279W of latent cooling versus the original design value 
of 86W. 

It can be concluded that as the room absolute humidity value increases, thereby increasing the absolute humidity 
differential, latent cooling delivered increases as a function of the primary air quantity and Δw making it more     
difficult to maintain the elevated room humidity condition and readily achieve condensation at the new higher  
moisture content room conditions.    
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For design assistance or further 
information, contact: 

Dadanco Pty Ltd 
89 South Road 
Hindmarsh, S.A. 5007 
Australia 
P: +618 8346 3588 
F: +618 8346 7822 
info@dadanco.com.au 
www.dadanco.com.au D E S I G N  B U L L E T I N  8  

Considerations for Active Chilled Beam Designs 
As discussed on page 3, where primary air quantity and conditions remain consistent, latent cooling increases as 
room absolute humidity increases. 

Controlled condition tests show that simply achieving a saturation temperature does not result in condensation 
from the secondary cooling coil. Although light condensation can be present at this condition, in reality room      
conditions must further increase to 23ºC, 72%rh before the coil cooling process can reduce the absolute humidity 
of the entering air to produce enough condensation for water droplets to form on the coil. 

This produces the ‘bent process line’ indicating sensible cooling occurs beyond the point of saturation as shown 
below.   

Also observe that as room humidity increases to the 23ºC & 72%rh condition, the absolute humidity differential 
value further increases to a Δw of 4.91 indicating that 30 L/s of primary air is now delivering 427W latent    cooling. 
This significant increase in latent cooling increases the difficulty in maintaining a high humidity condition from 
which condensation can occur. 

It is widely acknowledged that the most efficient latent performance (highest dehumidification) is achieved with low 
coil face velocity and high fluid velocity designs using cold water with a low apparatus temperature. In the case of 
Active Chilled Beams, low coil face velocities are combined with relatively low fluid velocities which do not        
necessarily promote dehumidification or rapid condensation formation. 

Condensation failure tests conducted by Dadanco indicate the formation of condensation does not occur on the 
secondary coil until the room air dew point temperature is approximately 3.5-3.8ºC above the secondary chilled 
water supply temperature due to the evaporative effect of air passing over the coil. Not until the room dewpoint 
temperature reached 5ºC above the secondary chilled water entering temperature was there a threat of            
condensation coalescing into water droplets.  

Furthermore, formation of droplets large enough to drip from the ACB unit did not occur until more than 30 minutes 
after reaching a point of visible condensation on the coil, suggesting the building BMS and dew point control    
strategy would have adequate time to deal with such a catastrophic moisture condition should it occur. 

From controlled tests and the psychrometric comparisons above, it is easily argued 
that the formation of condensation is not an inherent active chilled beam design     
problem but more of a catastrophic failure in the primary air delivery system or high 
ambient moisture exposure to cause such a significant increase in room humidity. 

Even if condensation does occur in Active Chilled Beams, it is more than likely  
caused by failures other than at the Active Chilled Beam.  

23.0°C,  
72%rh 

Room Dew Point 
Temperature  

Entering Water 
Temperature  

Primary Air 
Temperature  

Secondary Coil Cooling  

773W 

Condensation 
Occurs Δw Increases to 

4.91 g/Kg or 427W 
for 30 L/s of     
Primary Air  



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


