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Draft Rate: A Determining Factor in

the Quantification of Human Comfort
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Heating, Ventilating and Air-Conditioning (HVAC) systems are designed essentially to cre-
ate conditions of comfort, health and safety for the human occupants of enclosed spaces
(dwellings, commercial spaces, vehicles, etc.). Many HVAC systems utilize the delivery of
forced air into and out of occupied spaces. Oftentimes, the delivered air has been conditioned
by the HVAC system to create within an occupied space the specific parameters of comfort
for the human occupants.

Among the parameters which affect the comfort of humans are:

air temperature

relative humidity

the activity level of the occupants

how much and what type of clothing they are wearing, and
the air movement that is coming in contact with the occupants.

Of course, not all humans perceive or would define “comfort” identically. However, scien-
tific studies have been performed whose results indicate that “human comfort” can be defined
in a statistical way. That is, given a set of human comfort parameters within an occupied
space, it is possible to quantify a statistically-based prediction of what percentage of occu-
pants will find the space to be acceptably comfortable.

Draft and Draft Rate Defined
ASHRAE Standard 55-2004 Thermal Environmental Conditions for Human Occupancy

specifies the combinations of indoor thermal environmental factors that will produce comfort
conditions that are acceptable to a majority of the occupants within the space.

ASHRAE Standard 55-2004 defines Draft as “unwanted local cooling of the body caused by
air movement”. The sensation of draft depends on the speed of air, how much the air speed is
fluctuating (turbulence), the air temperature and clothing conditions. Sensitivity to draft is
greatest where the skin is not covered by clothing, especially the neck and head region and
the ankle and leg region.

t ‘TRUST. SCIENCE. INNOVATION.



ASHRAE Standard 55-2004 further defines a metric which quantifies Draft in terms of what
percentage of occupants will be dissatisfied with a space due to annoyance by the local Draft
conditions. This “predicted percentage of people dissatisfied due to annoyance by draft” is
called the Draft Rate.

Draft Rate (DR) can be quantified in the following equations:
For metric units of measure:

0.62

DR = ([34 — t ] * [v— 0.05]"%%) % (0.37 v * Tu +3.14)

where DR = predicted percentage of people dissatisfied due to Draft [%];

t, = local air temperature [°C];
v = local average air speed [m/s]; and
Tu = local turbulence intensity [%]

For Imperial units of measure:

0.62

DR = ([93.2 — t,] * [v — 10]*%) % (0.00004 v + Tu + 0.066)

where DR = predicted percentage of people dissatisfied due to Draft [%];

t, = local air temperature [°F];
v = local average air speed [ft/min]; and
Tu = local turbulence intensity [%]

ASHRAE stipulates in Standard 55-2004 that DR must be <20%.

Measuring Draft Rate using the VELOCICALC

This is a brief summary of how to perform a Draft Rate measurement in an occupant location.
Refer to ASHRAE Standard 55-2004 for complete information regarding measurement re-
quirements to evaluate any particular thermal environment.

Prior to beginning the test, you may input a name for the test according to the instructions in
the manual for the VELOCICALC.

The measurement locations for evaluation are to be defined with respect to the occupant. A
minimum of three spatial locations are required to evaluate an occupant’s environment: head
area, waist area and ankle area. For a standing occupant, these are defined to be 1.7, 1.1 and
0.1 m (67, 43 and 4 in.) above the floor. For a seated occupant, the levels are to be 1.1, 0.6
and 0.1 m (43, 24 and 4 in.) above the floor. Note: Measurements to be taken with no occu-
pant present.

Locate the measuring end of the velocity probe in the location where you wish to measure the
Draft Rate. Orient the probe in such a way that the maximum air speed at the particular loca-
tion is displayed. Do not allow the support of the probe to interfere with the measured air
movement.

After powering the instrument ON, select MENU and scroll down to the APPLICATIONS
screen. Highlight DRAFT RATE. Press the Enter Key to begin a Draft Rate test.



The display will show Air Temperature and Velocity values, and a count-down time. Three
minutes of sampling will occur, as required by ASHRAE Standard 55-2004. One sample per
second will be accumulated for evaluation. Allow the probe to measure at each spatial loca-
tion undisturbed for the full three minute time period.

Draft Rate Results

When the sample is complete, the display on the VELOCICALC will report the Draft Rate in-
formation for this sample. The reported values will include:

Average Temperature [°C or °F]

Average Velocity [m/s or ft/min]

Velocity Standard Deviation [m/s or ft/min]
Turbulence Intensity [%]

Draft Rate [%]

Save the results, and repeat according to the number of spatial locations you have decided to
evaluate for each test location (ASHRAE stipulates a minimum of three per test location).
Calculate the arithmetic average of the Draft Rates for the number of spatial locations within
each test to determine the overall average Draft Rate for that test.



TSI Incorporated - 500 Cardigan Road, Shoreview, MN 55126-3996 USA

USA Tel:
UK Tel:
France Tel:
Germany  Tel:
Sweden Tel:
India Tel:
China Tel:

+1 800 874 2811
+44 149 4 459200
+33 491 95 21 90
+49 241 523030
+46 8 595 13230
+91 80 41132470
+86 10 8260 1595

E-mail: info@tsi.com
tsiuk@tsi.com
tsifrance@tsi.com
tsigmbh@tsi.com
tsiab@tsi.com
E-mail: tsi-india@tsi.com
E-mail: tsibeijing@tsi.com

Website: www.tsi.com
Website: www.tsiinc.co.uk
Website: www.tsiinc.fr

Website: www.tsiinc.de
Website: www.tsi.se ‘,n.f.’:l'“..‘

Contact your local TSI Distributor or visit our website www.tsi.com for more detailed specifications.
Copyright © 2007 by TSl Incorporated

Printed in US.A.

\|

‘ TRUST. SCIENCE. INNOVATION.



	Draft and Draft Rate Defined
	Measuring Draft Rate using the VelociCalc
	Draft Rate Results


<<
  /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


