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Àbstract

et, uP for e>çIainlng the discrepan-
t"¡fà air velocitles tor¡¡rd during

s have been. exEosed to in a cLima-
a taE€. It is now Possible to iu-,
e analog oodel a¡rd measure Èhe

d. Later to impress the constanÈ air¡
neah output, froo tlre receptors' fÌre
d.Èhe actual mean air velocltY

fô¡m a basls. for the h1çrotrresis ' 
{ 

'ü" 
votes froi¡ the tes-t Persons

Introduction

Draught ts one oÊ, ttre nosÈ freguenc reason= ::t complaints of the

indoor inviron¡eni. n f" ls surE¡rising because mo3g of the earlier, i'n-
in climatic cha¡obers geen to shoi¡ :

alr velocitY as long as ttre oPera-
evel corresPondinq .to. a¡r unchanged

le have been exi¡osed to a unlfom
'dlrection and ten¡jeiâture' In
óù occur. RecenÈ inriestiga'tl-ons
Èlóås show Èhat:'þeoþte àre cônside-
ã cefta"in- air velocity whén this ''

õ. " 
it' 

. 
-:'-'

ëÈ up ,ex¡rlaninq whlt' fluctuating
tJian ëonstant'' dl,t fLow:. : " i ;¡' '
'. _,.. . ,,.(..: !,'.

tors Skin

inpr¡ls,3 .f '?equencY--=-':-!!..wiii 
Oç ,åegn. how rtre..,iqpgtses from the individual recePcors

acc'oulale, ,tllrçh:;ipi"fns ,ny 1ñ" ctrermatldiscoof,órt caused by a ôon-
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sÈant impact. increases wihh the size of the exposed skin area. Butwhlch physical paraureter determines thls frequÃncya
- In order Eo.'investfgate flis, an analysis of some typical andknown conne-ctj-ons between then¡ar ski-n impacts and' the resurtant nerveinpulse frequencies.rwere.st.udied on an electrlcar aäarog computer (3).r. Fig' 3 shows t-he El:rnodel used,and indicates thermal conducti.vttyaoct heat capacity for the skin, the locaÈion of the thermoreceptorsand other necessary data.

rn the El-moder, ternperature is siu¡urat,ed by vortage, heat frowby current'' rhermal ca¡laciEy corresponds to eLecirlcar capaci.tance andthernai reslstance corresponds to erectricar reslsÈance... ): Three rexarnples of manrs response to his Ehermal. envlronment re-iporFed in'the liÈeratu.re have been studied apprying the electrlcal
mode l.

-,,4. .A sudden change in the skin temperat,ure (Fig. 4a)..: . rn Èhe.rE}-model is simulated a sudden char,gà in the temperaturei at Èhe skin.'su¡rface, and the corresponding cnante J-r¡ heat frow throughthe thermoreceFt.o¡fs, ls. registered.
,ii-r rn Flg. 4b ls shown, for purposes of comparison, the relatl0nshipfound by Hensel between a sudden tenperature change ln the skln surfaceand the itrpulse frequency from the recêptors;. It.i¡¡ill. be seen thatthere is good agreeoent between the shales of the cu.rves in Fig. 4aand 4b.

B. A srow but constanÈ change in skin surface temperature (Flg. 5).Hensel (2) hji perforned nullerous experiments t.o find a possible
' i' connection between"thÊ. rat,e of wl¡ich:.the tenperature of the skin changes- and the deviatiqr¡ friJn 'the comfc:rt',-tenperature,which.occurs before thesensati.on of cold ôr heat. is fett.

, ¡,,,4 result of these experimentsi is.seen in the teft part of FIg. 5.: Three poi,nÈs are nob, chosen on:.Èhe,cool.ingr,curve and the temperature
t t-he form: of triangur.ar vortages,.rtrith ampritudes:corre$poDdinq .o the:.. +eemperacure difference hetween the chosãn point dnd, 33::õð, Jni".being!). ,, lthe pre.ferred temperat.ure. -:r i.:) j ,.

¡i ' lF wiùrl.-be sêen t¡at the heaÈ ,flow in, alr th¡r€ejcases reaches'L trearly [he sa¡ue level at. that tenperaÈurç.at-v/hi-ch,,the feeling of cold
in_: -tle-nÊe.Its experiments;:lF.).clearly aòknôwledgéd_ . . r

'.ì,r ît

beLween the sensation of dranght-rr and,-,the. Srreq uency;Öfi the air movemen!.ti: ' i ¡ '\.. -it:!,, i:r,: -. i:. i9r.¡,-Èhe_,:Fl¡Uodg.Lt ,El:¡er. mâ¡ci¡num': hg âÈ f low .th.rõúqh the receptors is
ned..¡ .wllen, ithe,:skin isl exposed ti¡.:a, f¡unbèr.r ö- Èêne-shaped velo-

tÇ'i4Y 'çhange t Ui th c-on siÈ'an t. .: arnp I itucle,.,, b uÈ 
: urìthj di.ff,€r'enÈ frequencies .

-,,1 ¡ /i-l , 'In,;FJg.;.:6 tlre resulE from: {4) isL sèen. ats; thè. btlhttom and at the'iri: ri, ttoPirçhg :r_es:ulE :f-ron the 6il:modell¡:.Ther shapes, oE: iJ¡g.,t'wo curves are

¿'ri; ðt Ç.r, 4qr¡-geç, and. pedcrse¡û:r¡li4) have exposed ¡uore tl¡ar¡r¿rlhe hundred per--:j 1r -sf)rìs ..tg .Unrform'¿ndr f luctoaLtnEladr; velociEiesj ì.li:thi d,lf ferent. aupli-
:i ::., ;'. r.¡' ¡i i ì r._tUg-e-s1ìafl.d rf fequeAcies .., [hey.: found-'¡ ;a¡,i ntere s ti ng cbrjrelation Fig. 6

alrnost idenþ-j.tcã:L¡ both haVing a maxi muü¡ àt abôuÈr G.,5!-Hz.
.j,ri(- irr ! Alù: the, aÞg.ve-mencioaed_ examples confirm ,Ellb Ehe ory that a localco<.:l.ing of, thet Þody *s,,uncomfortable when the hea.t_ .fl ow through the:.! ' ¡',1'.SkiO çxceeds¡,e gersain. Iimit; or in other words ,, -wherl-' the thermorecep--;r' .' : ,o.j,",Qgf q.,,send-rs@i m.a¡ìy iüpulseg j to lhe brain ¡ chat Èhey'caüse discomfort.
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l,leasurements

In a cli¡natic chamber 100 subJects lJere exPosed to velocltles
with fh¡ctuations as tltey occur'ln ventilated spaces ln practlce (5).
C.lose to each subject the air'.,ve'locity'vras measured wlth a DISA55R48

probe and recorded on a Brüel,ând Kjær UaPe recorder, type 7003. It \

i." nout possible tc, exPose the electrical'"iskln ¡uodel to the sane lu¡pact
from the alr velocity as the subJects. llhe output from the thernorecep-
Eor wäs recorded and lntegrabed during each Deasurlng perlod (I0 u¡ln. )

on a Ktpp & zonen.recordeçi tyPe BDI2. Then a constant voltage vras fu¡-

pressed on the model and i,t was Posslble, after neasUrlng the corres-
ãponcllng output from the receptor, tr) calculaté'the unl-forr¡ alr velo-
city which would give the same output fro¡u'the thernal recePtors as

the actual fluctuating air veloclty
In table I is shown, for flve atr velocltles, the lntegrated mean

aÍr velociÈy clurlng 10 minutes and the constant alr velocity whtch would
cause the same outBu¿ from the thermal rscePtorÉ. The given values are
mean V4lueg of three dlfferent tesÈs all recorded with an alr tenPera-
ture of 23'C ln the cllmattc cha¡¡lcer; .On Flg. (7) ls shown the constant
air velOoity which would cause the.Same heat on the thermal receptors
and thereby. - this is the hypothesls - the s¿ü¡e sensaLLon of draught
as the actual ;fluc¡Èuating.atr veLoclties he was exPosed to ln tshe clt-
matlc cha¡uber.

il

Dlscussion

' ,les iî':::î,1:å"ïi::::iilffii ;::iï.llr'Ï;"iiii:"ïä'Jii"'-
cause 20t dissatisfled. Mclnture (?) explalns Èhat up to O'35 ¡o/s the

" : ^ cc-¡mfo.rÈ mean vote wi,Il .still be neutral but the vote ranges are lrider
than fcrn¡.Iower.air velocities. Nevr investlgatlons by Fanger and Peder-

. sen (4) r: andiby Ghl:lstensen ¡et..al .(5') where subJects have been exPosed

, to fluctuatinÇ alr veloclties, show;'.5lgnlflcant }ower limits for accep-
.. tab.J.e, nean air velocities. On Flg,., :6 is shown the lnf'Iuence of the fre-

quency on the sensatLon of dtsconfort, and on F!.9. I [s seen the corre-
..,,. lattpn between mean a1¡ veloclty and perce/nt dls'satlsfled at three

r r :, :different ÊerperaÈure,rlevels. At an afn temPerature'of 23oC and lir
veloclty of .bntry.0,2I: m/s corresponds to 20i d.lsstitlsfled. At 2OoC the
sa¡ne linit iS reached at only 0.I5 ¡n/s. In the new ISO sÈandard 7730

r.J.-,rj, , ,.,,€ori,JgederäËe tlre:mal envlronlûesù lsrgl-ven ar,llinit at 0"15 u/s whlch

I .ijr .,í, ,.,., .i{âs: e-,Xpe,ote.dr:tol corrè,spg¡¡d !to.; Stj dl,ssatlsf,ied'. Becal¡sè of the fluctua-
. ,1[ , j, Í, :t.!ng, air vel¡xs,i,t!¡ ,tÌrel:.Pe'rbe4tage"€êems'.to o"è islgnif'!ðantly higher in

'i)'rtr: ;r r.i.i EyPlgaI indor¡n.,env,iron¡nriÛtÁrh 'r'':i i:l:3 ':' :'ì'ii /ir 'r I

:, :.,,i.r.,r,r.:i- i ,:rO,nr'the eahe f'dr¡.r!re. ls:-ú¡rd{;cateò-.'the'-èonstaht alr velocity whlch -
:.... .).:;,;r:, r¡,-.;r, *Lf .the,ùr.ypotþsls d.si,/yðIlda- tnaþcð.use:'the sane--Eþtsõëntage of dlssatls-
. ",iì ,,1;).,.:: 

., ¡;i.fJ*ed.ræoi'2¡"o we. flnd:an. eguíva.Ient ¡corlstårü"alr vêloclty of 0.38 n/s
; i, ,,*, r.,, fetr 2Ot, dissatisfied.l Thts:Is ln. good agreerociilü.trlth Nevlnst 0.35 ¡n/s

1;j ...r.1:Ì-,, r.:,aoè:,ålso wi-tl Pedersen (8) who found the speed'llnlqfr for 20t dlssatis-
. fied t-o be.0¡4 ny's for a uniÉorn alr velocl'tf¿

, Tlhe sensation of .draughû,-.:or,Iocal. thérnatr dÍscomfort - may be

: causeè,by a comblnatlon of ,,i.ncreased radiant'and ëonvectlve heat losses.
,'1,. r The tJ¡e..rmal recepÈors ln the,,ski¡t seR6e heqt'flow through the skin, and

. they o,re unable to dlsÈinguieh bethreeâ rradian'E aidi 'ö'onvective heat
Iosses. The only reason for the hlgher sensltivlty to convectlve thar¡
to radiant heaÈ loss nust be that the flrsÈ one vary ln Èlne fluctua-
tlons whlle tl¡e second ls constant.
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Because of the htgh hrual¡ sensltlvlty to co

sensltivitY whlch Is on

"ãtt"ta 
eguaclon' lÈ ls

spaces low a¡rd as const

"i". ttt" occuPants will
comPensate for the sensa'

nig;'r.t Lhan zero' This i
Èure cosgs typicariy lOt more energy and mo-ney'

.,.] To rûeasur. ;;. }ocal thermal <llsconfo,ç! Lh to

lns'rument ,nrcn ï! Jr" ap simurate the human ted

Í¡easure rhe accua-l-h;;-fiow and rts varLatlon' ted

hypothesis - 't"i'--Inttt*tnt 
should be able

degree of }ocal in"tt"f discoufo¡t directly

Conc lusion :'-
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