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Research Title A Study of thermal comfort from combination of fan and air-condition
unit4o reduce energy,-Case study : Multipurpose Building, Faculty of
‘Architecture, KMITL

Name Associate Professor. Krisda Indrasthitya

ABSTRACT

In order to reduce air conditioner energy consumption, the combined system between an
electric fan and an air conditioner could be apply to lower the cooling load of the air
conditioner. The additional air movement from electric fans also affects human thermal
comfort especially when the air is cooled; consequently, there is no need to set the air

conditioner to cool the environment at typicai level—like 25 Ceisius.

The aims of this research are 1) to examine the optimization of the electric fan's air speed
and the air conditioner's cooling level--in term of degree Celsius--to provide thermal comfort
in classroom condition 2) to compare the energy consumption between conventional air

conditioner system and the electric-fan-and-air-conditioner-combined system.

The research found that if the ceiling circulated electric fan provided the air speed at 0.44-
0.62 m/s, the cooling level of the air conditioner in the combined system could be set to 27-
28 Celsius to gain thermal comfort. Consequently, when compare to cooling level of
conventional air conditioner system, the electric-fan-and-air-conditioner-combined system

consumed less energy than did the conventional air conditioner system.

These results can apply to reduce energy consumption in air-conditioned classrooms. That
is, if the air conditioner of the combined system is set to 27 Celsius, the energy will be
saved to 12.88 percent. On the one hand, if it is set to 28 Celsius, the power energy will

eventually be saved up to 18.84 percent.
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AIUTDUNIN
b4 d' - 4; — 12 q' -
ATTUIBUNNAYU = mmsewnqcym&
M=E+R+C=z+S [1]
i = ARTINITINAUNAN RN

= dnrnegudeanadaulaonisszmg uazmmneladiesn

= gasninihanuFauiarnianufou

-~

M
E
R = dmsnisufadanaeu
c
S= FIT']ﬂ'TTﬂ:ﬂJJﬂ'J'TN'}’ﬂu‘lIﬂQ'J{'Nﬂ'TH

umeazainaniausgaaennat adnelsfiaudasnineanaiundaan (M) ag
ulsiAeumudnunisssduresianss

thaonuzaeaanmuandendals wninasINTRINtIgRyRaAnsFeu aInnisudR@au
fau mnh mawt uazmeszmeniuasandrdnmmafinraeansesnaniy adeufsiy
fuszaranluioderesiniodunssrauandeu

winsdranANTauIBIiNIe (S) tantaandiawzdnanieidadiinlunisazan
ANTau ﬁTQ'ifTuﬁqzna'mmLﬂum'\u@mju'luﬁ"'mmﬂ usidmnnAundsERURsen iUl
a‘wmmxtﬁmmim’@rs’huTmmzLﬁum?@;u%mLﬁfamejﬁwﬁq WuiReauazRomblinsrenefauay
Wunsduwide uaﬁ"wﬁ’ﬁﬁ@s"Nmmzi:mﬂm'm%’@uﬁu%utﬁ@mm'mauqa wazinmseAy
HUUNTNINMEY ANANNIT M=E+R+C% S

lunsdlfsziusmsiaianisuizedaanudeu (MRT) ﬁ‘i'ﬁnfi']qmuqﬁa‘wn'm Asausluy
aumsaziuvan (+) uazsuameazgdeanufeulnonmud i@l gussenialansey uay
frazAudnsiianisuiadanutou (MRT) gandngomndsnnig Avsaudsudsluannisay

o =

uay () uazsennafazgainannieuainnisudfidesussannialagsey
naztignuuniilnaseunndtssdugomnfiiandi (wazided) Ardautlsresnisianig
wrazitluuan (+) uazsraniaszqodaninufeu wsifgumaiilagsaugendnsdugumndl
Hawds Arsawdsaziluay () Sumeazgaduannfeusingungiilagsey
a‘llv = v ] o
UBNAINUENNANNTANARAINTEULBIT NN BNy Wanwnlne Fanger P.O. (Fanger

P.0.1970) illusunisfiuansliviuiasudlssineiifaadestiunistiamaniufaussming
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FNNWALENINUIAN DN 11U tém’h FEAUNITNINIY UALATIUUTTRIRNINEINIA &IN50

WA JuRts deaung

MIA,(11])-2.6"10°(256t,,-3370-P, -, JA,4,1.7210°[MIA, J(5800-P,)-0.0014[W/A, ](34-t,)

(tyto) / 0.155 1,

= 3.96"10°f, [(t,+273)" - (t,,+273)'] + f, h, (t, - t,) [2]
Ty M = wiuaFeuiisumelsegeeninlaunszuuns Metbolism (kcal.h™)

A, = WuBBasumuauafnsswing 1.65 f2.0 m?

M/A,, = Metabolic rate (kcal.h™ .m?) (A lfanaa )

n = dullsz@ninmidaina (M1 1dannma)

ty = grunniitamia (°C)

P, = avwlaluussenia (mmHg)

E., = mwfeuiigudelaomsssmoreavdasniomis (kealh)

t, = gruuiiuanday (°C)

t, = qmuqﬁﬂoﬁﬂﬁﬂ (°c)

I = ﬂ"]ﬂ"ﬂMﬁﬂUﬂﬁuﬁ'ﬂM%"ﬂUﬂﬂngﬂﬁT(clo) (mAldanmizn )
. o ¥ oo v & o
f = Clothing factor ﬁﬂmﬂm'lmutlmwum;nmugaﬁﬂnuwumﬂu(tﬂ%\"ﬂﬂ)
1 v
(mAlFanmnsn )

h = AudssBnsnisianuFeu (W.m?.°C) usgiudnmusfianssuvionuiing

(WA lfanee )

- (5 J

= gruuginisuif@atufeauads (°C)

'mn

Metabolic Rates for Typical Tasks
Metabolic Rate

Activity met units W/m2 (BTU/h-£ft2)
Resting

Sleeping 0.7 40 (13)
Reclining 0.8 45 (15)
Seated, quiet 1.0 60 (18)
Standing, relaxed 1.2 70 (22)
Office Activities

Seated, reading or writing 1.0 60 (18)
Typing 1.1 65 (20)
Filing, seated 1.2 70 (22)
Filing, standing 1.4 80 (26)
Walking about 1.7 100 (31)
Lifting/packing 2.1 120 (39)

(ASHRAE Standard 55-1892)

m‘a"Nﬁ 1 WARIAT Metabolic rate of different activities
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Data for Different Clothing Ensembles

Clothing Ensemble ‘ Ia fa
clo

{3 0 1.0

Y 1 o7 o 7 PP 0.1 1.0

Typical Tropical Clothing Ensemble:
Shorts, open-neck shirt with short sleeves, light
socksandsandals...........oviieinerannann. 0.3-0.4 1.05

(Fanger P.0.,1970)

-] ' « » Y
A5 2 LEAIARN mm'\umumum’m%’auﬂmléam (clo)

Equations for Convection Heat Transfer Coefficients

Equation Limits Condition Remarlks/Sources

h,=8.3v06 0.2<V<4.0 Scated with  Mitchell (1973)

h=3.1 0<V<co2  Movingair

he=27+87V0  015<V< 15 Reclining with Colin and Houdas

ho=51 0<V<0]s moving air (1967)

=5 S
h. = 8.6V 0.5<V<20 Walkingin  Vis walking speed
still air (Nishiand Gagge

1970)

Note: I, in W/(m2- K), Vin nv/s, and M in mets, where T mict = 58.1 W/m?2.

{ASHRAE Fundamentals Hanbook,2001)

Andudscansnadramannfaulaanisna (Btu/ h. sq.ft °F)

n

ANANETIAN (fom)

M

MET unit ; 1MET = 18.43 Btu / h sq.ft

A 1 . as - il .
A15199 3 UaneAT AANUsEANEMstnamANSauTelsanIe

Argmpiinisuifidaruiewadt (Mean radial temperature, MRTI§aannasld
Tnaumaﬁuﬁmm’%QLﬂuqnwmummqnﬂmmmé’udﬂ@uﬁnmq 15 @uAWeAT uad
wefluflimefognialu mdnariandsanuanindilizann 15 - 20 wit e ldnisdnes
AINNTEUDE IUANNTANAR mezq"m'lu?:ﬁuﬁ‘[naum@ﬂ‘uﬁme‘@g}gqmnﬁu 150 wms ifield

' a v 14 t a dl e 14 dl ) 24
ArgRmpiudl azlfaunismArgumniiwdansudidanufeunds taaldanns

Tt = [ty + 0213+ 10° (1, — t,) V™ [3]

mrt
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-J 4 -~ ~
lon = quugiinguanninaumeflufinef (K)
T, = grhniionia (K) .
Y = ATHITIAN (M/S)

JI‘ -; d‘ - -y [ &' al.- o '.’, o - B v
NUNRRELNITINALAU ﬂm'\nmmmwwnmuuqmuum'luanwmmﬂaﬂa DuBois 161

o -y X alla -~ 1 4 J
muumaumﬂum?ﬂmwuwmuuqﬂﬂnm 1(51I.Lﬂ

AD= 0.202m>*% | °7% (ASHRAE 55-1992) [4]
Tne AD = MRy wialFtnd1 DuBois surface area, (m?)
m = A vizaramin (kg.)

[ = AN (M)

2.3 PMMFIzUNEaINIA i ANNALNE

¥

4 ¥ 2 v
AINNTTAAAUINITBINTIUERIMANRALIUF NN udrdRnTuauneyeimwssiRans
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. deo g a & -
mnm?ﬁnm (Olgyay, 1973) wuqn HANTEUANHNWANTUNAITNLTAUNNUY NUBLNTIRE

<t 3 3 U = =l o v o '4‘ L% < J o d"
:Jm'mgmnmummqgmw_]ummﬂmmimm -nqm'mgﬁnLﬂumnmqmuqummﬂutﬂummz

fa"mmmﬁzmﬂmﬁu%’@u@ﬂnmnﬁomﬂuﬂ?ﬁumum’mﬁwmmztmau ﬂdqQﬁﬂﬁqﬂ?SLLﬂ@Nﬁ
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'
aa e 1!.' <

[ 1 % d“ =l -« ] <
mmnum’mgﬁnLu'amuwmmum

gaumnileIMARdnliasa Auuansineszudnsgungfingn

U

v
=i

Jé‘d ‘ F i) -1 dl. L] = « d‘ -« 3
ngu (luwutmnfnmfmgamﬂum) mfammqLﬂmzmw'ammwﬁ’uwuﬁmﬂhmummmn@ﬂ

(Regression Analysis) Wu41



AugAniEiuae (°F) = 0.381V + 0.016 RH

Tae v
RH

anAATIaNNIItesil wudnlseiuresanadedald (R2) =

ATNFIaN (Kmm)

Y v v .
ANMNTUANNS (%)
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(Olgyay,1973) [5]

0.94 WATAIAINYN

ﬁmwmmmmg'\u (Standard Error,SE) = 0.457 (guns UYYI8N"3,2542) Taanaunsans

anTaeiasiléidn aywdasi@ndusindigungiiemasialszinn 0.4 asrngaides die

L] v L}
AN (FraniNa 1 Alamassadalae (guns yoygn

<

v

inng,2542)

AanuGaanluusiassrauarinasenuidnianaidnla uazantaziraimainauia

LAUBANATNATINISIAN UATANITIRLLIALNAUSNHUE RSB IARINANT1

v o <
¥asdnsudrvesomameluiiunansenurenysy .

(Evan M.., 1980)

o/ < -, 1 ] o
ANTUT? (1AUNN) HANTENUAIUNALN HANTENUADNY ML
0.10 . | Seamnn anwinileuiiag anafdnaudn
andeviall
0.25 dunaiumsiadaulmses | auaclif@ndnflaniendeun
ATULWT I anduanaAiudy
0.50 wan ey Fanantudrainimiuliiiv
wia¥euly usidhennaifivay
Fanuumaziinu
o a o -3 1Y o a A ' v
1.00 ngzaeaasde, Hamsuie | denmpinesviaguliiin
P = o vl al ] 2 1«
gasamAvIiLaIeAL | §9§AnA usiAauasiAndad
anAtunaaniaa el
al o < ‘ A’ ° [
' pasHidmsuFaNNNI (@i
niratiandanialueans)
1.50 wraiulindrasyinouuulie | avi@nuumasituudainiaay
16 nezanwaz@aluvia fgnumniinauns wldaosi
L ¢ a ' t;l'
dnsuFananndnil
o = ¥ 2 p
2.00 gRsiniunaITIAWE" WlManznunnfeunasdu
c‘l aal ¢ d'
w7 Tnedlidgdintuiey

(Evan M.., 1980)
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| A23Faan ananduldlfaasnnnug@n HaTLARTY
AUUNIIARY (551914 80-90 °F)
fatauflann auasiinFaiisl |
_ AMNTUgITY
0-50 fpm. LiftpanlAsuwleciuud@nin | bigunsodanald
aung
50-100 fpm. Finae 2-3 °F aunel
100200 fpm. | Fne 4-5 °F Tnevin WiRnaneussiginiing
indaulmrseseniA
200-300 fpm. | A1e 5-7 °F Fandauwmantiay auddngn
sunaulyl
gn1 300 fpm. | Aasannnin 57 °F Fasmzudlafignias thazliing
Wuiilsr@nEnnuazgn
FUANWIUL

{Stein, Reynold;1999)

= o~ '
MN1T1IN 5 ﬁ'nuL?Qaumﬂ’lummenuaqumwmamﬂ

UBNANUIIANANTTINE99 Arens E. UaTAME (Arens E., 1998) Aldnan1mmasaaiy

UnAne1aEiU ieunIzANaL N ANTauRI NN TRT N T g aNWA A wane Taer e

Waanna lnansdaulanimaseshetmagevagluving JAfanssn 1.3 met Apa

X : B .
FunUnIeANFaureaidatin 0.4 clo TnaldarniSiaunaasy 2 Loy e 14asAuAT uas

2 WATAUN naannimeaaadldaiaaunmnauisuilsinnusInefaannnis 4 waau

1 + v 14
WA UAZERNLIIAMNIS A UAANTUR :vm'lﬁtﬁmm’lmmﬂmmmu'}'@um naAUGe ua velafl

N1INAREITEY Rohles F.H. azAE (Rohles F.H.,1971) Taviantsnasasludnousiduiiansu

MIMARBITY Arens E. uazany uitiReulalunmmesesie nasavetuvini fFdanssy

1.2 met ANAMNEIUNIUNNIAIERTBUABEN 0.5 clo AMNIFIANNAKAUIRAY 1 WATAUT

kg < Y ° £ 73.% Y < 4 Y 3 ar T
Iinaagae muFaanilinliidnauisfigumng@vaszuini 29 °C Annaduduing 50%

wazszsuAMNFaangagai iviniiinra A lunasinau
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2.4 NIIMTEALANIITANALNE

'lum?'?;fazmm’mﬁaw'a'ﬁﬁmzﬁuqmmﬂﬁmLwiaz'?;tfu azlin1sdrmanaaed uarin
seAumANRAtYewmaiane lasesiuAa §An FansiFend: meavndriiunenfiedn
(Predicted Mean \Vote ia PMV) Intdafiiiasiilumsaaainiimuniuieuen sy
AfAnfifiFaannzanmalusauniy desnauniasu§fniiuanstaiy ssiueaaita
nalaseanimuandansianliviaty Auesdiddaiinldvenssiunaufinsesausdndy
atidlsfuanimundainiu metamanuitanela ludreusnfinsuissrsuasn Mdluns
mutvaunalasandu 3 szavde 1idwiuly, 2.4&wune, 3.quinuly

siann 7 18 urlsaines (P.O. Fanger,1970) At munauniséuiumaminunanfiaas
(PMV) %qLﬂum?ﬁﬁﬂ"\ﬁqu.ﬂsm"m']ﬁLﬁuoﬁUﬂqﬁﬂ?znﬂuw'}mqumwﬂmﬂ Falduri MeT,
CLO, TEMP, RH, tsz@nanmidana, muduletinluennia, grumgiivandes, HOUUNNFR
Aasdauady it Tnofinuas@onaunsiol

PMV = [0.352 exp[-0.0429(M/A )} + 0.032] {6]
*[(M/A,,)(1-1])-0.35[43-0.6 1(M/A,,)(1-11) - P,
-0.42[(M/A,)(1-N} - 50]
-0.0023(M/A,,)(44 - P) - 0.0014(M/A,,,)(34 - t)
-3.4*10°f, [(t,;+273)"(t, +273)' - £, (t, — t,)]

e M/A,, = Metabolic rate, kcal.h".m?

= UstnEnimidanag
P = powslearinluena, mmHg
t, = gouuniuandan, °C
= Clothing factor
= qrunndianidedh, °C
- = qmuqﬁn'wu:.i%qiﬂf:'m%'ﬂum?\'a

hc = dulazAnsmemnanufeu, W.m>.°C

uananil # 1o ursaines (P.O.  Fanger,1970) fautadaeszauntsdinaaufani
avEunTy fwuaszdunsdanuiinaanidu 7 sudu uaz ASHRAE Sl ldrnsyauaz]
Wuussingdasduiv u,az'lun'wmfi'\i:a‘fumﬁﬂan'nzm’mﬂma’luumﬂqﬁﬁﬁn@:é"mﬁq
miedaianil TaszduauiBndangnana 7 ffle +3 = Fau, +2 = qu, +1 = guidney, 0 =
aune,Uni, -1 = iwantien, -2 = fiu, -3 = wumn

ufanmnf':t‘fqﬂma?'lﬁm'\wu'mmmmmfanﬁhi;‘lc»’f\i'm?fvm wifeldgaemadafiu
aanidlu 7 szduduiiAn uarSundannmunresa (Bed Ford Scale) stAumruiAniidalmi
Mangs Ae +3 = Fawfuly, +2 = guann, +1 = guatnauie), 0 = que, Und, -1 = iffu
agNALNE, -2 = ifunnn, -3 =fiuiprTanum
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+3 fowduly

+2 U fUNIN

+1 fuiantiag FURELNALNE
0 aune,Uni aune,Uni
-1 ihudnties fiuetinadune)
-2 iy unan

-3 LTl ifiudananunn

{Thermal Comfort : V.Szokolay, 1997)

- o ' = -
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PPD =100 — 95exp[-(0.03353 PMV" + 0.1297 PMV?)] 6]

Tas  PPD =  wafimwsMneanufdnldaus
o o 0 4
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20 15 10 ©5 0 05 10 15 20
PREDICTED MEAN VOTE { PMV)
(Fanger,1970)

U7 5 nemluanAnuANRUS studne PMV uaz PPD

PMYVY Predicted Percentage of Dissatisfied
Cold Warm Total

- 20 76.4 - 76.4
—~ 1.5 520 - 52,0
— 1.0 26.8 - 26.8
- 0.9 22.5 - 2.5
- 0.8 18.7 0.1 18.8
—0.7 15.3 0.2 15.5
-~ 0.6 124 03 12.7
-~ 0.5 9.9 0.4 103
—04 7.7 0.6 83
—-03 6.0 0.9 6.9
- 0.2 4.5 1.3 5.8
— 0.1 3.4 1.8 52
0 2.5 2.5 5.0
+ 0.1 1.8 34 5.2
102 13 4.5 5.8
+ 0.3 0.9 5.9 6.8
+ 0.4 0.6 7.7 . 83
+ 0.5 0.4 9.8 10.2
+- 0.6 0.3 12,2 12,5
+ 0.7 0.2 15.2 i5.4
+ 0.3 0.1 185 18.6
+ 0.9 - 222 2.2
4+ 1.0 - 26.4 264
+ 1.5 - 514 514
+ 2.0 - 5.7 157

(Fanger,1970)
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Widuinsideneu Tnaldgns
e = wanuds x Taas x inmesurainasd (Ustun 0.95) [9])
- 74 ] :‘/ -l . o v P '
Faluntslfaruudarafacimisadurasscazinanlsrnaudindaznsiudn
e I adwin i s ludaeszazinaiug lumsumnFanumslilniasdes
NIU TUABINT LRSI wazdaaaainisldaiu tne
WA lWAY 1 miae = A1RalviA 1,000 R6 x 1@ 1 Gl [10]
uaziiiesiaan1sAndnansldininasldgms

Srusunag Wil = (@ uudns x drurudalueitld) 7 1000 [11]

Toe wieTunwasnuian s ciduming Alasmiradalug viseRlauEundn

“WaE” Y3 “gHA" (NTURRUILA sAUAT WA, 2542)
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326 Wsunndiamsianugunasesgumgiivenzanserudn vie
TALENITANNALNENNAUGUNNN Human Heat Balance 1ae1  DrRichard de Dear
{1n Department of Physical Geography, Division of Environmental and Life Sciences
Macquarie, University, Sydney, AUSTRALIA Tmﬂmmmﬂﬂuﬁaqmﬁlﬂﬁmﬂ:u"lﬁﬁ'
http:/penman.es.mq.edu.au/~rdedear/pmv/ Lﬂ'la'l'ﬁ‘fitﬂﬂ:ﬁuwhm'mg”an WIBANMITNN
wa'l%imxﬁuqmuqﬁﬁﬁ'mum Tmﬂ'lum?ﬁﬁuatu@:ﬁmﬂﬂuiﬂqmmﬁquﬂsviw]ﬁé'm"rg
Wur szuguupRfinmun sziugupiinisuifi@danuiau Anusuema svsulevhiy
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daya Al sunsinasdunamd PMY - Seudmantilsunsuianisiiaset
Annddudofiasignmamainnuasdamsiesnn  Taudaenfildie  Effective
temperature (ET), Standard effective temperature (SET), Discomfort (DISC), Thermal
sensation (TSENS), Predicted mean vote (PMV), Predicted percentage dissatisfied
(PPD), & Heat stress index (HIS) uasuanernszduamifiniidusniadaauitarela
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Environmental Parameters B »Personglwl\?{}rameters%
2 s i £ 2 bd
ambient temperature (°C) l 230 4 subject weight (kg) |1

radiant temperature (°C) 1 23.0 j subject surface area (m?) ‘

barometric pressure (hPa) |[{ 1013 E‘ clothing insulation (clo) [§f ©-

H,0 vapour pressure (hPa) 14.92 metabolic rate (W m™)

relative humidity (%) 50.0 §|| work rate - external (W m?)

room air velocity (ms™) [|] 0.34 exposure time (min)

317 16 Tsunsam1A Human Heat Balance Ime  Dr Richard de Dear
; P oo = e
uansgasldarAaudsinanisAuam



Effective Temperature (ET) 22.99

1| Standard Effective Temperature (SET') 20.67

Discomfort (DISC) -0.23

Thermal Sensation (TSENS) -0.23

Predicted Mean Vote (PMV) -1.68

Predicted Percentage Dissatisfied (PPD) || 60.51

Heat Stress !ndex (HS!) 5.60

«l v [l o a
719 17 Aradranaanmsaanuasdsziliunaradilsunga Human Heat Balance
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Wind speed Location

Fan Speed No.1  Average = 0.44 m/s Fan Speed No.2 Average = 0.54 mfs
P1 P2 P3 P1 P2 P3
0.33 0.42 0.34 0.44 0.52 0.46
P4 P5 P6 P4 P5 P6
0.54 0.43 0.52 0.58 0.62 0.60
P7 P8 P9 P7 P8 P9
0.58 0.43 0.57 0.61 0.59 0.55
P10 P11 P12 P10 P11 P12
0.32 044 0.33 0.43 C.55 0.45

Fan Speed No.3 Average = 0.62 m/s

P1 P2 P3
0.53 0.56 0.55

P4 P5 P6

0.64 0.68 0.72

P7 P8 P9

0.69 0.76 0.60

A NaaNIaRY Jan 2 Aund

P10 P11 P12 MUIUAAT 100 AT udimARAY
0.55 0.60 0.54
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Metabolic Rates for Typical Tasks

Metabolic Rate

Activity met units W/m2 (BTU/h-ft2)
Resting

Sleeping 0.7 40 (13)
Reclining 0.8 45 (15)
Seated, quiet 1.0 60 (18)
Standing, relaxed 1.2 70 (22)
Walking (on level surface)

0.9 m/s, 3.2 km/h, 2.0 mph 2.0 115 (37)
1.2 m/s, 4.3 km/h, 2.7 mph 2.6 150 (48)
1.8 m/s, 6.8 km/h, 4.2 mph 3.8 220 (70)
Office Activities

Seated, reading or writing 1.0 60 (18)
Typing 1.1 65 (20)
Filing, seated 1.2 70 (22)
Filing, standing 1.4 80 (26)
Walking about 1.7 100 (31)
Lifting/packing 2.1 120 (39)
Driving/Flying

Automobile 1.0-2.0 60-115 (18-37)
Aircraft, routine 1.2 70 (22)
Aircraft, instrument landing 1.8 105 (33)
Aircraft, combat 2.4 140 (44)
Heavy vehicle 3.2 185 (59)
Miscellaneous Occupational Activities

Cooking 1.6-2.0 95-115 (29-37)
House cleaning 2.0-3.4 115-200 (37-63)
Seated, heavy limb movement 2.2 130 (41)
Machine work

sawing (table saw) 1.8 105 (33)
light (electrical industry) 2.0-2.4 115-140 (37-44)
heavy 4.0 235 (74)
Handling 50 kg (100 1lb) bags 4.0 235 (74)
Pick and shovel work 4.0-4.8 235-280 (74-88)
Miscellaneous Leigure Activities

Dancing, social 2.4-4.4 140-255 (44-81)
Calisthenics/exercise 3.0-4.0 175-235 (55-74)
Tennis, singles 3.6-4.0 210-270 (66-74)
Basketball 5.0-7.6 290-440 (92-140)
Wrestling, competitive 7.0-8.7  410-505 (129-160)

(ASHRAE Standard 55-1992R)
ARTINFTLIHAIUNAINYLURANTsNsELANAN 9



Garment effective insulation values

Garmet Description

Underwear
Men's briefs
Panties
Bra
T-shirt
Full slip
Half Slip

Long underwear top
Long underwear bottoms
Footwear
Ankle-lengtn athletic socks
Calf-length socks
Knee socks (thick)
Panty hose stockings
Sandals/thongs
Slippers (quilted, pile-lined)
Boots
Shirts and Blouses
Sleeveless, scoop-neck
blouse
Short-sleeve, dress shirt
Long-sleeve, dress shirt
Long-sleeve, flannel shirt

Short-sleeve, knit sport shirt

Long-sleeve, sweat shirt
Trousers and Coveralls

Short shorts

Walking shorts

Straight trousers (thin)

Straight trousers (thick)

Sweat pants

Overalls

Coveralls

clo

0.04
0.03
0.01
0.08
0.16
0.14

0.2
0.15

0.02
0.03
0.06
0.02
6.02
0.03

0.1

0.12
0.19
0.25
0.34
0.17
0.34

0.06
0.08
0.15
0.24
0.28

0.3
0.49

Garmet Description

Dresses and skirts
Skirt (thin)
Skirt (thick)
Long-sleeve shirt dress {thin)
Long-sleeve shirt dress (thick)
Short-sleeve shirt dress (thin)
Sleeveless, scoop neck (thin)
Sleeveless, scoop neck (thick), i.e.,
jumper

Sweaters
Sleeveless vest (thin)
Sleeveless vest (thick)
Long-sleeve (thin)
Long-sleeve (thick)

Suit jackets and vests (lined)
Single-breasted (tiin)
Single-breasted (thick)
Double-breasted (thin)

Double-breasted (thick)
Sleeveless vest (thin)
Sleeveless vest (thick)

Sleepwear and Robes
Sleeveless, short gown (thin)
Sleeveless, long gown (thin)
Short-sleeve hospital gown
Long-sleeve, long gown (thick)
Long-sleeve pyjamas (thick)
Short-sieeve pyjamas (thin)
Long-sleeve, long wrap robe (thick)
Long-sleeve, short wrap robe (thick)
Short-sleeve, short robe (thin)

Ansrmnanuauiunnurandadanld
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clo

0.14
0.23
0.33
0.47
0.29
0.23

0.27

0.13
0.22
0.25
0.36

0.36
0.44
0.42

0.48
0.1
0.17

0.18

0.2
0.31
0.46
0.57
0.42
0.69
0.48
0.34





