ANEXO II: Tabelas de Conforto de Fanger

CONTRIBUICAO PARA A DEFINICAO DE PADROES DE CONFORTO DE TECIDOS FINOS DE LA

Avaliacao subjectiva do Conforto Termofisiolégico segundo Fanger

Uma das formas mais comuns de avaliacdo do conforto térmico do vestuario é através de
inquéritos a individuos, sobre as sensacoes apercebidas durante o seu uso do vestuario, em
condicoes climaticas controladas. As respostas sdo frequentemente descritas em termos de
expressoes subjectivas, em escalas de conforto ou de sensacao térmica.

Baseado neste método Fanger em 1970 (ASHRAE 1989), desenvolveu um modelo matematico
para definir a zona neutra do conforto térmico para o homem, para combinacoes de diferentes
niveis de actividade fisica e vestuario (Tabela All.1 e All.2 respectivamente), em combinacao

com as diferentes varidveis ambientais (temperatura e velocidade relativa do ar).

Tabela All.1: Niveis de Actividade Fisica e Respectivas Taxas Metabdlicas dos Individuos
(ASHRAE 1989)

3km/h okm/sh 10 km/h

Examples of estimates of metabolic rates (M) for use in the PMV
thermal comfort equation of Fanger (1970)

Activity Met Wm™?

Lying down 0.8 47

Seated quietly 1.0 58

Sedentary activity (office, home, laboratory, school) 1.2 70

Standing, relaxed 1.2 70

Light activity, standing (shopping, laboratory, 1.6 93
light industry)

Medium activity, standing (shop assistant, 2.0 116
domestic work, machine work)

High activity (heavy machine work, garage work) 3.0 175
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Fanger criou assim o indice de PMV (Predictec Mean Vote) que € o voto médio previsto,
utilizado para prever a avaliacao da sensacao térmica do corpo como, um todo, numa escala
de sete pontos, de frio a quente (que mais tarde viria a ser a escala de sensacdes térmicas da

ASHRAF).

Tabela All.2: Valores de Isolamento Térmico do Vestuario em clo (ASHRAE 1989)

0 a1 03 05 08 10 15 3 clo

Examples of estimates of clothing insulation values () for use in the

PMYV thermal equation of Fanger (1970)

Clothing ensemble Clo m2KW™
Naked 0 0
Shorts 0.1 0.016

Typical tropical clothing outfit
Briefs (underpants), shorts, open neck shirt
with short sleeves, light socks and sandals 0.3 0.047

Light summer clothing
Briefs, long lightweight trousers, open neck shirt
with short sleeves, light socks and shoes 0.5 0.078

Working clothes
Underwear, cotton working shirt with long sleeves,
working trousers, woollen socks and shoes 0.8 0.124

Typical indoor winter clothing combination
Underwear, shirt with long sleeves, trousers, sweater
with long sleeves, heavy socks and shoes 1.0 0.155

Heavy traditional European business suit

Cotton underwear with long legs and sleeves, shirt,

suit comprising trousers, jacket and waistcoat (US vest),

woollen socks and heavy shoes 1.5 0.233

Baseado no trabalho de Fanger, a Amencan Society of Heating and Ventilating Engineers
desenvolveu cartas de conforto e indices de sensacdes térmicas para a previsdo de niveis de

conforto sob as combinacoes de diferentes niveis de isolamento térmico do vestuario, de nivel



ANEXO II: Tabelas de Conforto de Fanger

CONTRIBUICAO PARA A DEFINICAO DE PADROES DE CONFORTO DE TECIDOS FINOS DE LA

metabolico, de temperaturas do ar e de temperatura de bolbo molhado (ou temperatura

radiante) (Tabela All.3), dando origem as normas ASHRAE de 1993 (ASHRAE 1997).

Tabela All.3: Calculo do Voto Médio Previsto (PMV) (ASHRAE 1989)

Predicted mean vote (PMYV) values from Fanger (1970). Assume 1 = 50%;
still air; and ¢, = ,PMV: +3, hort; +2, slightly warm; +1, warm; 0, neutral;
—1, slightly cool; —2, cool; —3, cold

Ly =1, I4, Clo

0.1 0.3 0.5 0.8 1.0 1.5 2.0
M = 1Met; var = 0.1ms™"
10 22 1.4
i2 -1.8 -1.0
14 -2.5 -14 -0.7
16 -2.5 -19 -1.0 -0.3
18 -1.9 -14 -0.5 0.0
20 2.3 -13 -09 -0.1 0.4
22 -2.3 -1.5 -0.7 -0.3 0.4 0.8
24 2.3 -14 -0.8 -0.1 0.2 0.8 1.1
26 -1.2 =05 0.0 0.6 0.8 1.2 1.5
28 -0.1 0.4 0.8 1.2 1.4 1.7 1.9
30 1.0 1.3 1.6 1.8 1.9 2.1 2.3
32 2.0 2.2 2.3 2.4 2.5 2.6 2.6
M =12Met; var = 0.1ms™ !
10 2.7 -1.6 -0.9
12 2.8 22 12 -0.6
14 23 -1.8 -0.9 -0.3
16 -2.8 -1.8 -1.3 -0.5 0.0
18 29 21 -12 -0.8 -0.1 0.3
20 -2.2  -1.5 -0.7 -04 0.2 0.6
22 -23 -14 -0.8 -0.2 0.1 0.6 0.9
24 -1.4 =07 -0.2 0.3 0.6 1.0 1.3
26 -0.5 0.1 0.4 0.8 1.0 1.4 1.6
28 0.4 0.8 1.1 1.3 1.5 1.7 1.9
30 1.3 1.5 1.7 1.8 1.9 2.1 22
32 2.0 2.1 2.2 2.3 2.3 2.4 2.4
M = 1.6 Met; var = 0.1ms™!
10 2.0 -1.5 -0.7 -02
12 2.6 -1.6 -12 -04 0.0
14 29 21 -13 -09 -02 0.3
16 2.4 -1.7 -09 -0.5 0.1 0.5
18 2.8 -1.8 -12 -0.5 -02 0.4 0.7
20 2.1 -1.3 -0.7 -0.1 0.2 0.6 0.9
22 -1.4 =07 -0.2 0.3 0.5 0.9 1.2
24 -0.7 =02 0.2 0.7 0.8 1.2 1.4
26 0.0 0.4 0.7 1.1 1.2 1.5 1.6
28 0.7 1.0 1.2 1.5 1.6 1.8 1.9
30 1.4 1.6 1.7 1.9 1.9 2.0 2.1
32 2.1 2.2 2.2 2.3 2.3 2.3 2.4

No caso especifico deste trabalho as condicoes seleccionadas para a avaliacdo do PMV séo:
= Humidade Relativa de 50%, uma temperatura média do ar de 22°C, equivalente aos
valores de um escritorio (e também para temperaturas de 26°C e 28°C a simular

ambientes mais quentes).
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= (astos energéticos do corpo humano de 2.2 Met relativos a uma actividade sedentaria
(escritdrio, casa, laboratorio, escola),
= para um ar mais ou menos parado com velocidade de 0,1 m/s
Para tal foram calculadas as equacoes do PMV com base nos valores tabelados, (Figura Alll.1)
tendo-se escolhido uma equacao de segundo grau, por ser a que mais se adequava

simultaneamente aos dados das trés temperaturas seleccionadas para o estudo.

Equacao do PMV (de Fanger) para T = 22; 26; 28 °C
=-0.9838x + 3.6326x - 2.5022
R® = 0.9901

y =-0.5616X + 2.2168x - 0.6167

14
2 _
05 | R"=0.9918
y =-0.40175 + 1.5719x + 0.3234

0 : :
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Figura All.1. Representacao Grafica do PMV e Respectivas Equacdes nas Condigoes
Especificas de: HR de 50%; Gastos Energéticos de 2,2 Met, e Temperaturas de 22, 26 e 28 °C




<<
  /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
  /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 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 <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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


