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HOW  TO  MEASURE  MEAN  RADIANT-,  OPERATIVE-  AND  EQUIVALENT
TEMPERATVRE  CORRECTLY

B.W.  Olescn, Ph.D., BrUel &  Kja]r, Ni=rum, Denmark

Lub. of  Heating and  Air Conditioning, Technical Univcrsity of  Denmark,Lyngby

INTRODUcrION

The rnost  common  measure  of  the  therrnal  environment  is air  temperaturc.  To  evaluate  the infiuence of  the

thermal enyironmcnt  on  man,  it is ne ¢ essary  to take into account  threc other  environmental  parametcrs, m ¢ an

radiant  temperature,  air velocity  and  humidity, together with  the two  individual factors clothing  and  activity.

The influence of  the mean  radiant  temperature  on  thc heat loss from a  person is as  important as  the air

temperature;  but oftcn  the mean  radiant  temperaturc  is neglected  duc to the difficulti.es of  mcasurements.

In moderate  thermal  environments  the three most  significant  environmental  parameters for man's  heat
exchange  air  temperaturc,  mean-  radiant temperature  and  air  vc]ocity  is combined  in' one  temperature  index
like operative  temperature  or  equivalent  temperature.

The  present paper wiil  describc how  mean  rudiant-,  operative  and  cquivuLcnt  tclTiperature  is mcasured.  The  use

and  intcrrelation bctwccn thcse parametcrs wilL  also  bc discussed,

MEAN  RADIANT  TEMPERATURE

Mcan  Radiant  Tempcrature (t,) is dcfined as the uniform  tempcruturc  of  an  cnclosure  in which  an  occupant

would  exchunge  the sarne  amount  of  radiant  heat us  in the existing  non-uniform  cnvironmcnL  It is important to
notc  that  the mcan  radiant  temperatur ¢  is dcfincd in relation  to the human  body and  then also  dcpends on  the

body position (stunding, seated),  Furthermorc, the geometry of  the room,  position in the room,  temperat"re

and  emittance  of  surrounding  surfaces  wil] influcnce thc mean  radiant  temperature,  The mcan  radiant

temperature  may  then bc calculatcd  when  knowing surrace  tempcratures  and  anglc  factors, which  take into
account  the shape,  sizc  and  reiatiy ¢  position of  a given surface  and  can  be estimated  by figures given by Fanger

[1982} and  ISO  7726 [1985],

Yery few commercially  available  instruments exist  for measuring  the  mean  radiant  temperature, which  is ene
of  the reasons  why  people do  not  often  take it into account.

In gencral there are  three methods  for measuringlestimating  the mean  radiant  temperatures

L2.3.Measurement  ef  surface  temperaturc  and  calculation  by thc use  of  angle  factors

Measurement  of plane radiant  ternperature and  calcuLation  by the  use  of  projected area  factors

Measurement  of  
"globe"

 temperature,  air temperaturc,  and  air velecity  and  the calcu]ation  of  the mean

radiant  temperature.

All threc mcLhods  have been introduced in existing  standards  for measurement  of  the thermal  environment

ASHRAE  55-81  [1981], ISO  7726 [1985].
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The mean  radiant  temperature may  be calculated  rrom the planc radiant  tempcrature, tp., in six directions (up,
down, left, right,  front, buck) weighed  by the projected area  factors of  a  pe[son in the same  six  directions (Ta-
ble 1),

7labte 1.Pnql-ected area  foctors for a  person. ettipsoid  (comfort transduceij
anda  sphere. In the  case  ofthe eltipsoid  shapad,sensor  rEig, 31 it
is inciined 30e when  simutating  a  seated  person 

'

UplDownRighWLeftFronttBack

StandingPersonComfortTransducer

Sphere

O,08e,osO,25 O,23O,28O,25 O,35O,2BO,25

Sitting-PersonCornfertTransducer

Sphere

O,18O,18O,25 O,22O,22e,25 O,30O,2SO,25TVtma

Whenused.the direction of  the person is not  known
Then the mean  radiant  temperature  maya

 rnean  weighting  coefficient  for
be estimated  as:

right-left and  front-back is

Standingperson

tr =O,060

Seated-tr

 
=

(tpr[UP]

person

O,127

+ t. [down] ) +  O,220 ( t.  [ri

(tpr{UP] +  tpr

By this method  the

dircctions wcighted

ght] +  t. [left] +  t

[down] ) +  O, 186 (t,, [right] +  t.

 mean  radiant  temperature

according  to thc rcspcctive

pt[front]  +  tpm[back])

[lcft] +  tN

is calculated
projcctcd area

[front] +  tpt[back])

by mcans  of

factors for a

(1)

(2)

radiant  vectors  in the six  main

standing  or  seated  person.

Measurement or 
"globe"

The  most  common  metho

[1932]).

Tempersture
d to measure  mean  radiant  temperature  is to use  a black gtobe thermometer  (Vernon

Nalural corvvection (- <  O,e5  1

fr ' [(ta + 2T3)4 +  O,4'e-41o･")Sct IG. t.lo2e(tp  -･ t.)]I"-273 
oc

ForGed Genveetbon  (b )  O,05 IG - t"O･")

e F [(t, + 273)4 +  2,s - 1ot rf･t

Unear  equetion  lt,-LI <  20'C

e= 2,2 -{  t,-G)  +  ts oc

K  . ")]'k.273 
oc

setdeF

Fig. i. Iiormutaefor estimating  the mean  radi-

   ant  temperature  by means  ofa standard
   globe thermometer  fdiameter =

   O.l5 cm.  emissivity  =  O,95J

The  black globe can  in theory  have any  diameter, but very  often  a  diametcr of  O,1S m  {s used.  Equations for a
standard  globe (O,15 m)  are  shown  in Fig. 1 (ISO 7726  [19851). It should  bc noted  that  the  srnaller the

diamctcr of thc  giobc, thc greatcr thc  cffbct  of  the  air  tcmpcraturc und  air  vc]ocity, thus  causing  a  reduction  in
thc accuracy  of  the mcasurement  or  the mcan  radiant  temperature, Fig. 2 shows  the retativc  influence of  uir

temperature  and  mean  radiant  temperuture  on  the  globe temperaturc.  The  sphere  shape  of  a globe and  the

black colour  do not  really  represent  the shape  of  a  human  being (Table 1) and  the normal  colours  of  clothing.

An  ellipsoid  shaped  
"glo6e"

 (Fig. 3) with  projected area  factors as shown  in Table 1 muy  bc considcred  a  closer

approximation  of the shape  of the humun  body. The prejected area  factor is estirnated  as  An. /A. whcreApt  is
the surface  areu  prcticcted on  one  direction and  A,  is thc totai radiant  surface  arca.  This factor is rc]ated  to

shape  of  a person or a  sensor  and  indicates the  relative  importance  of  the  rudiation  from  different directions.
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Eig. 2, Thefigure  shows  the  retative  itijluence ofair temperature,
      t., and  mean  radiant  temperature,  t., on  a  globe, The

      inj7uence depends on  the gtobes diameter and  air velocity.

      hor  a  IOOmm  globe, and  an  air  velocity  =  O,4 mls  the

      gtobe temperature,  tg =  O.6-t. +  (l -O,6)'tr

FVg. 3, An  ellipsoid  shaped  sensor

The  inclination of  the  axis  of  the  etlipsoid  depends  on  the  position of  the  subject:  standing,  axis  vertical;  seated,

axis  inclined at  300. This sensor,  (Madsen et  aL, [ 1976, 1984]) consists  of  a  light, foam matcrial  coverod  with  a

resistancc  thrcad  for measurement  of the  mean  surface  tcmperature,

Thc  usc  of  a  black "globc"

 thcrmomctcr  in thc cusc  of cxposurc  to short  wuve  radiation  (for exampLc  the sun)

will result in an  ovcr-estimation  of the effect  of  the radiation,  In this case  it is bctter to use  a 
"globc"

 wiLh  a

medium  grey celour,  which  bcttcr simutates  the  absorbtivity  of  a  clothed  person,

COMPARISON  OF  DIFFERENT  METHODS  FOR  MEASURING
THE  MEAN  RADIANT  TEMPERATURE

In a study  by Olesen ct al. [1989] the different methods  listcd ubove  for measuring  the  mean  radiant

temperature werc  studied,

The  rcsuLts  showed  that  thc  difference bctwcen  the  three  methods  were  relativcly small  (less than leC) for
environments  with  rclatively  uniform  surface  temperature  distribution. But for environments  with  a single

radiant  source  thcre  may  bc considerable  differences. Table 2 shows  the results from a  case  wherc  a person is
exposed  to only  one  radiant  source  positioned abovc'  the  hcad  (Fig. 4). For this more  extremc  case  the
difference is much  greater than for the other  cases  with  eyenly  distributed radiant  sources.

The  sphere  in particular wit]  over-cstimate  thc radiation  from a  sourcc  abeve  the head  ef  u  person with  up  to
8,90C,This difference is found for a  standing  pcrson under  a high ceiling, LO m  and  a radiant  seurcc  svith  a  sur-

face temperature  equal  to 800"C. This would  also  be expectcd  from the prQjected area  factors shown  in
Table 1, Also for a sedentary  person in this space  thc radiant  heat from the ceiling  is over-estimated  by a
sphcre  (4,5"C). For a  racliunt  sourcc  closer  to the person (i.e. highcr angle  factor) the sphere  will ulso  over-esti-

mate  thc radiat{on  on  a  seated  (O,S-1,8aC) and  a  standing  person (1,4-5,40C), Both the use  of a  cllipsoid

shuped  sensor  and  the  use  of u weighted  mean  of  the plane radiant  temperature  in six main  directions give a
much  better appreximation  to the mean  radiant  temperature  than the  sphere  shaped  globc.

Also the  infiuence of  the colour  of  a  scnsor  for mcasuring  thcrmaL  radiation  was  studied.  {n a test sct-up
(Fig. 5) threc ellipsoid-shaped  sensors  with  different cotours  (white, grey, black) werc  cxposed  to sunlight.  The
dircction of  the  sunlight  was,  in enc  tcst, from  the  side  of  the  sensors  and  in another  tcst from the top. In both
cases  the radiant  lcvcl was  800 Wlm2,  air  temperature  equal  to surrounding  surfacc  tcmpcratures  21 -23"C,

and  air  vctocity  O,2 mls.  ]n the  test the  operative  temperature  of  thc  sensors  were  comparcd.  The results arc

shown  in Table 3.
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71ible 2,Results oj' the  comparison  for a  rectangular

rFig 4)
radiant  source  positioned above  the head of a  parson

Seatedperson Standingperson

Method Method

CaseSource A B c A B cEllipsoide
Temp.eC Person[,eCPlaneA[r,'CSphere

Ai..OCEllipsoideAi;,eCPerson Ir,'CPlaneAV.,ocSphereAi;,ecAV.,oc
2x2mradi-oo 13,8 -O,1 ob .O,1 13,9 O,2 1,4 -O,1
antsource

3mabovethe
floor 2oo 19,1 -O,3 1,8 -O,4 19,5 O,6 5,6 -O,5

4x4radiant2oo 13,6 O,1 1,O O,5 12,8 O,4 2,1 O,3
source10m

abovethefloor

800 18,4 O,7 4,5 2,4 15,2 2,O 8,9 1,5rotgsteee

tt - z3eov.
 s  O,2 mtsWhite

l,l.,Y,:rntl
'

Ililll])l;
Grev

L-21･Cv.
 =  e2  m/s

 g.l.,r,:r>
vvhit,

Black orey

sueckesIM?

F:ig. 4. A  rectangutar  radiant  source  positioned
      above  the  head of a  person, used  for
      

-camparing
 d4(Ilerent methods  of es-

      timating  the mean  radiant  temperature

fig, 5.1lest set-up  for starting  the it!fTuence of the  colour

ofthe sensor  when  expased  to suntight

Table 3. Results of the itijluence of colour
       sunlight

and  direction of a sensor,  whenexposed  to

Sunlight
intensityWtms

Airtcmp.eCAirve]ocitym/swhiteoCOperativeTemperature

greyeC blackeC

Sunlighton
thetop

800 21 O,2 25 30 35

SunLighton
theside

800 23 O,2 31 44 58Totsttaeo

The sun  has, as  expected,  the smallest  influence on  the white  sensor  and  the  highest infiuence on  u black scnsor.
The sun-radiation  coming  from the top  of  the sensor  (simulating the sun  above  the head of  a standing  person)

the operative  temperature  increased in relation  to the white,  with  50C  for the grcy, and  100C for the black sen-

sor. This means  that the mean  radiant  temperature  has then increased by about  doublc these  values.  For  the

sun  coming  from the side  the  effect  is even  greater due to the greater prejected area  in this direction. The effect

of  the direction is rather  significant  i.e. 14eC  increase in operative  temperature  for the grey sensor.  As the hu-

rnan  skinlclothing  in general witl  have  radiant  properties close  to the grey, serious  over-estimates  of  the

influence of  short  wave  radiation  will  b¢  mude  by ustng  a black senson  Ifat thc samc  time also  the sensor  has a

sphere  shape  like a globe the over-estimation  will  be even  greater.
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OPERATIYE  TEMPERATURE

Opcrative Tcmperature ( t. ) is dcfincd us thc uniform  temperature  of un  enctosure  in which  an  occupant  would

exchange  the same  amount  of  hcat by radiation  ptus convcction  as  in thc cxisting  non-uniform  cnvironment;

The operative  temperature  was  introduced by Gagge et al. [i937] and  has been used  ever  sinee  in
description ef the  indoor thermal environment.  The  exact  equation  for the  operative  temperature  is:

    hc'tn+hr'tr
t""

 h,+h.  
WhCrC

 ff. :X/:atnCMraPtClraa::rtCcmpcraturc
                                h. =

 heat-transfor coeffieient  by convcction

                                h, =  heat-transfer cocfficient  by radiation

this may  also be written  as

t.=a't,,+(1-a)'i  whCrC  a=hc1(he+hr)"11(1+hrlhr)

the

(3)

(4)

One  requirement  for a sensor  for direct measurement  of operative  temperature  is that thc relutien  betwcen the
radiant-  and  convectivc  heat loss ceefficicnt  is the same  as for a pcrson, Using thc equation for the convective
heat loss coefficient,  h., givcn by Fangcr  [19B21 it is possible to estimatc  the diumcter of  a  sensor  whlch  will

have the same  relation h.1 h. as for a person. This has bcen shown  in Fig. 3. Herc  it is sccn  that thc optimal  di-

ameter  of a sensor  is around  4-  iO cm,  A  standard  globe of 15 crn diameter will overestimate  thc influence of

the  mcan  radiunt  temperature.

Both the definition of  the operative  tempcrature  and  the equation  (3), (4) can  makc  pcople betieve that the op-
erative  temperature  takes into aecount  the cQoling  effect that an  air movement  has on  a  heated body  like a  per-
son.  The operative  ternperaturc does not  do that, It only  takes into acceunt  the relative  infiuence of the

parameters  
-

 air  temperature, t., mean  radiant  temperature  t,, and  veLocity,  v.  
-

 on  the  temperature  of an

unheated  body.

EQUIVALENT  TEMPERATURE

The equivalent  temperature  is defined as the uniform  temperature  of  an  irnaginary enclosure  with  air  velocity

equal  to zero  in which  a  person will  exchangc  the  same  dry heat loss by radiation  and  convectien  as  in the ac-

tuaE  environmcnt.  The equivalcnt  tempcraturc  is characterized  by the fact that  the dry heat loss from a person
- thus thc degree of  thermal comfort  - is the samc  for all those combinations  of air temperature, mean  radiant

temperature, and  air velocity  that give the same  equivalcnt  tcmperaturc,

The  equivaient  temperature  was  first introduced by Dufton  [1932], who  constructed  a

(Eupatheoscope) for mcasurement  of  the equivalent  temperaturc. Bedford  [1936] proposed
expression  for calculation  of  the equivalent  temperature:

tev =  O,522 ' ta +  O,478 ' ;- O,2 ' VJ ' (37i8 - ta)OC

speciaL  sensor

the  following

(5)

Gagge l1940] introcluced the standard  operative  temperature:

tso =  o,4s ' 7; + o,s2 [ vl illili ' ta-(  !-Iillli - i ) - t.i ]"c (6)

where  t,t is the  mcan  clothing  temperature  of  the person whose  thermal  comfort  is to be determinod, By

including the mcan  clothing  surface  tempcrature, the equation  takes into account  thc infiuencc of  the clothing

on  the equiv,  temp.

Mclntyre  [t976} defined the subjcctive  tcmperaturc:

tsvb=O,44
 ' Tr +  O,S6 ' (5 - VT6'JT. ' (s - ta))

                                 
eC

O,44 +  O,S6 ･ 10v.

tsuh "  O}56 ' ta +  O,44 ' t. 
eC

fOr V.)O,ISm/s

for v.  <  O,IS mls.

(7)
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The  equivalent  temperature  may  be calculated  by the PMV  equation  (Fanger [1982]) as  the temperature  (air
tcmperature 

=
 mean  radiant  temperaturc)  that gives the same  dcgree of  comfort  (PMV  valuc),  with  the air  ve-

Locity equal  to zero  as the actual  combination  of  air temperuturc, mean  radiunt  tcmperature  and  air vclocity.

Madsen [1979] has given an  equation

tec =
 O,5S '

 ta +  O,45 '
 tr +O,24

 - O,75

that.

 Vli

includes the

(36,5 - t.) eC

influence of theclothinginsulation  ( I}t ):

whcrc  thc tust terrn is incLudcd1+Ictwhen v.  >  O,1mls.

(8)

All thesc  temperatttres includethe  coolingeffect  of an  airmevement,

Fig, 6 shows  how Bcdford's, Gagge's, Mclntyre's, and  Madsen's exprcssions  agree  with  the comfort  equation.

The  curve  calculated  from the comfort  equation  shows  the  temperature  ( t, =  t.) that  gives thc same  degrec

ofcornfort  with  air velocity  equal  to zero  as the actual  combination  of  operative  temperature  and  air  velocity.  It

is secn  thal  Bedford's equation  gives temperalures  too tow for small  air veLocities. whlle  Gagge's, Mclfityre's,
and  Madsen's exprcssions  agree  fairly well  with  the comfort  equation.

Fig 6.The  Dependence {of' the

 equivatent  temperature  on

 air  velocity  according  the

 equations  (3J, r4J P) and  (7).
 Calcuiated  equivalent  tem-

 peratures are  compared  to

 an  eguivalent  temperature

 calculated  frotn Eanger's

 conofIort  eauation

 ta =  tr =  t. =  23eC

Thc  requiremcnts  to a  sensor  for direct mcasuremcnts  of  equivalent  tcmperature  is that  the size,  colour  and

shape,  fulfiLs the requircments  for an  operativc  temperaturc sensor  and  thut the sensor  is hcated to a surface

temperature, which  simulates  the  mean  clothing  surface  temperature  of  a person. From  the  definition it is seen
that the equivalcnt  ternperature depends on  the clothing  insulatien, which  mcans  that the sensor  should  be ablc
to simulate  differcnt clothing  temperatures.

These requirements  are  fulfilled with  the sensor  in F;g. 3. The  sensor  has been  carefully  designed to simu]ate

the dry heat loss from a  person as  precisely as possible, The size  has been chosen  so  that  the ratio  between the
heat loss by radiation  and  by convection  is similar  to that of  a  person. The form of  the sensor  gives
approximately  the same  prejected-area factor in the  three  main  axes  as  does a  person. By  changing  the  position
of  the tTansducer between vertical  and  horizontal, the transducer can  simulate  a  person in different situations

with  respect  to the projected-area factors, With  the  chosen  size and  form of  the  senser,  the  influence of  air  tem-

peraturc and  mcan  radiant  temperature  on  the sensor  is approximatcly  the sume  as  thcir infiuencc on  a  pcrson.
Thc opcrative  tcmperaturc  is thus cquivalent  to thc mean  surfacc  tcmpcrature  of the unhcatcd  transducer.

When  measuring  the  equivalcnt  tempcrature. the sensor  is heated, The  surfucc  temperature  must  therefore

correspond  to the mean  clothing  surface  ternperature of the person that the scnsor  is simulating.  The desired
surface  temperature  is maintained  by means  of a  tcmperature-indcpendent  resistuncc  wirc  wound  round  the
scnsor  body. The  current  through  this wire  is a  mcasure  of  thc hcat loss from the scnsor.  At thc same  time,

there is a wire  evenly  wound  over  the heated part of the sensor  body. The  resistance  of  this wire  is a measure  ef

the  mean  surface  temperature  of  the body. By  mcans  of  the measured  heat loss and  mcan  surface  temperature,

the cquivalent  tcmperature is estimated.
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Whcn  constructing  the sensor, great effort was  put into making  thc thermal capacity  of  the  sensor  as  small  as

possible. This, plus the fact that  the  sensor  is heated, makes  the time constant  for measuring  the equivalent

temperatvre  (40 sec.)  with  the sensor  smaller  than the time constant  for rneasuring  the operative  temperature

with  a  gtobe (7,S min),  The  timc  constant  for the scnsor  when  measuring  operative  tempcrature <2 min)  is also
smaller  than for a normal  globe rnade  out  of  copper  (Fig. 7) (Madsen [1979]).

ng  7,Response  time  of a  heated
and  an  unheated  conijbrt

sensor  together with  a  cop-

per gtebe thermometer,  7Vie
time constant  is the  time

rAtJ when  the measured

vatue  reaches  67%  cV'the  fi-
nal  vatue

DISCUSSION
             '
The above  sections  have described the requirements  and  discussed different methods  fbr measuring  mean

radiant,  operative-  and  cguivaLent  temperature.

Alt these tcmpcrature  parumeters are  reluted  to the dry heat loss Le. convection  and  radiation  from the human
body. This represents  in moderate  thermal environments  abaut  80%  of  the total heat toss. By  mcasurement  of

air  temperature,  meun  radiant  temperature  and  uir velocity  both operativc  and  equivalcnt  tempcruturc may  be
calcu]atcd.  It is, howevcr, orten  difficult to measure  mcan  radian"cmperature  and  air vclocity  vcry  accuratcly,

This means  that also  the precision on  the estimated  operative-  or  equivalent  tempcruture  is not very  good,
because the accuracies  on  air-, mean  radiant  tcniperature and  air  velocity  adds  up,  lnstead it is better to make
an  intcgrated value  in the form of operativc-  or  cquivalent  temperature. As scen  from the previous sections  it
docs not  aLone  dcpend  on  thc uccurucy  or  the  tcmperaturc  mcasuremcnts  as  such;  but more  significant  in rnany
cases  is the shape,  size  and  colour  of  the sensor.  In well  insulated buildings, where  the  difference between air
and  mean  radiant  temperatures are  relatively small,  the size of  the sensor  is not  that importunL If the radiant
sources  (heating systems,  windows)  are  uniformly  di$tributed the  shape  of  the  scnsor  witl  havc  a  lcss signific"nt
infiuence on  the  measured  operative-  or  cquival ¢ nt  temperature.  If there, howeyer, is concentrated  radiant

sources,  direct sunshine  or  significant  differences between  air-  and  mean  radiant  ternperature  it will  be vcry  im-
portant to optimize  the size (5-10cm), colour  (pink, light grey) ancl  shape  of  thc sensor.

Olesen ct al. [1987] has shown  how the  measurement  of  opcrativc-  and  equivalent  terr}perature  combined  with

an  air tcmperaturc  mcasurement  can  bc uscd  to estimate  thc tncun  radinnt  tcmperaturc  and  thc air  v ¢ locity.

That the operative  temperuture  does not  respond  to air velocity  is clearly demonstrated in Fig, 6. The increased
air  veloeity  upto  O,S mls  will  reduce  the  temperature  felt by a  person from  23eC  to 21eC,  white  the  operative

tcmperature  is constant  because air-  und  mcan  raqiant  temperature  is equal.

CONCLUSION

ln the prescnt pupcr  diffcrent mcthods  for estimutlng/meusuring  thc mean  radiant  tcmperature  and  opcrative

tcmperature  has been compared  (wcighted mcun  value  of the plane radiant  temperature  in six  directions, a

sphcre  shaped  globe sensor,  a  ellipsoide  shape  
"globe"'

 sehsor).
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The  comparison  showed  that for a space  with  evenly  distributed radiant  sources  Coffice, schools,  industry) the
difference betwcen the  methods  are  smat].

For concentrated  h{gh temperature  radiant  sources  above  the head of  a  person there ls a  difference betwcen the
methods.  A sphere  shaped  sensor  (globe thermomcter)  will  significant]y  over-estimate  the influence of  the
overhead  radiation  compared  to a person. UsLng an  ellipsoide  shaped  sefisor or the  plane radiant  temperature  in
six directions give a  much  better approximation,

When  measuring  the influcnce of sunlight  on  a person both the co[our  (white, grey, btack) of  the sensof  and  thc
direction of  thc sun  has a  significant  influencc, The  optimal  size  of  a  .sensor for measuring  the operative

temperature  in moderate  thermal environments  is 5-10cm.

When  measuring  cquiyulcnt  tcmperuture  the scnsor  must  fulfit Lhe samc  rcquircments  as  for measuring

operative  temperature  and  in additiofi  be heated to simulate  the surface  temperature  of  a  clothed  person.
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