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NEW ME¡À,ST,REMEI{TS OF THE CþT.{IæCTTVE HEAT TRANSFER
COEFFICIENT: INFLUE¡.ICF¡¡ OP TURBLTLEDICE, MEA¡¡ AIR

\IEI.OCITY A}¡D GEOMEII,Y OF THE ITUMAN BODY

Erhard Mapr
Fraunhofer-Institut für Bauphyrik

(Director: Prof. Dr.lng. habil. Dr. h.c. Karl A. Gertis)
Holzkirchen, Germany

SUMi{ARY

Measurements of the convcctiræ hcat transfer coefficienl b¿w ¡l¡orn thrt
air rælocitics with lou, turbulcnce must be evaluatcd independcntly of thc
turbulcnce. For air vclocitics with mcan and high turbulcncg fútinû at
abou¡ 40 Vo, the product out of turbulence intensity and rnean air velocity
is dccisive. Using carlier psycho-physical mcasurcmcnts and a hcat balanco
equation, the physical measurements lead to curvcs of admissiblc mean air
velocities, depending on room tempcrature and turbulencc intensity. At
room tcmperaturcs about 23 oC thcre is a good agrecmcnt with carlicr
rcsults of P.O. Fanger, rvhercas for lower roora tcmperâturcs therc arc
lower admissible air velocities and for highcr room temperatùrcs rq¡pectirrcly
bigber air velocities.

Res¡lts of ncasurements wcrc indcpcndend on mcasuring it at tha forel¡e¡d
of a man or a manikin, at thc forehead of a hcatcd artificial hcad or ¡t
a plain surfacc, size of a hand.



¡r

, I i 'r--i i

:'l' .l . !:.

I :,, lc)
q;l:1ìì i):,

," nÁ '¡ ,r ¡l| 'l-, .Í r .,

û .fi¡- li

¡l:
:-:¡:-:::.:J--i..1:;..:l;::: -,::: :a--;:¡¡;,:1:-- j,-:.::::::ì:::::

n
i (..

n'

lil (

\':lt

11r,'ìf

t¡ì-c¡ r,:

':;vr,l' " (::
lr l¿: ¡

ril)t Bî

at

;ll

(
5r,

.!i{i

(,L.

,i¡,

: 'ri,

" rl

i;¡ f i

;J ;

-¡ !,

l

, nl ,Tl i it¡,il
i'
I

JI

J

i,i :llic 3!'flÄi

fì 
^¡t) iJi rr.i

,ìL,,

j fn;
L.,(r

¡¡

...: 
.:-....;_:. ,,.. ,.,, , i...iliìi.tiÍlÐ1.,.

' .'iir^: ;(.

!rf,,. ii ¡ ".¡íi¡:,, -. art .

.,j ,( ,Ylt:
i, :,yr",:r.l:..,)llS;,J('r,li

\/L 11 :,ll
¡, ..'r i,rF,,

"n

¡
,ìi il¡;¿, i¡, 'l;\.1;1C ¡ï ì. . , ,t.,¿:,,,il

!lrg"u.¡ :::i in: I .¡{:

' "; -!ìti"'!iÌT:Ir - !,1Íl;,J,,,¡,5i,r ., .¡;l

i.Jtr(, :f; i-l¿rl):, å,..i,ìr-- ) ¡ -, ,r¡í. I' i.

'," ^".. .,. ¡ til),..

ü

:ì ¡ ,; i:,.



265

NEW MEASUREMENTS OF THE CTCN\/ECÎÍ\IE HEAT TRANSFER
COEFFICIENT: INFLUENCES OF TURBULENCE MEAI\¡ AIR

VEIJOCITY AND GEOMETRY OF THE HUlvfAN BODY

Erhard Mayer
Fraunhofer-Institut f[ir Bauphy,sik

(Director: Prof. Dr.-Ing. habil. Dr. h.c. Karl A. Gertis)
Holzkirchen, Germany

INTRODUCTION

Draught problems often are the reason for low acceptancc in air condi-
tioned rooms. Physical investigations in the Fraunhofer-Institut für Bauphysik
(IBP) proved, that thc evaluation of ai¡ motion according to mean air
velocity and air temperature is not sufficient. The decisive physical value to
judge the "character of draught' is rcally the convcctive hcat transfer
coefficicnt. This valuc integrates the cvaluation factor used up to now -
mean air velocity - as well as the instationary bchaviour of air motion,
charac¡erized by turbulence and frequency tll. This originally purely
physical finding qan also be applied to draugbt se¡sation of man, as
confirmed in psycho-phpical researcb by Prof. Fangcr, TTJ Dcnnark, as
well as in the IBP [2, 3].

The meas¡rements described in l2l and t3I wcrc canied out in varying
ambient conditions with different aDenoneters.
However, beforc this ncw evaluation value can be introduccd in standard
work (f.i. DIN 1946, pÀr. 2 [4], Raumlufttech¡ik and ISO 7¡30 [5] ),
further invcstigation was required. The following questions had to bc
answered first

- how is thc convective heat transfcr cocfficicnt influenced by turbulencc
intensity, by mean air velocity, by thc gcometry of the body (of man)?

- are the former results, describcd in tll rraild for all turbulence
intensities?

- how c¿n the critcria of evaluation of adr¡issible air motion known at
present be gencralized for diffcrcnt room tcmpcratures?

MEASI,'RING THE CONVECTTV-E HEAT TRANSFER CÐEFFICIENT

Draught problems are caused by too bigh convective cooling down of body
surfaces, sce [3]. The corresponding formula is:
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qK, =.. 3ç -(oq;{L),

orúO=r9¡+q¡/cr¡1 
,

îìrh rr r*

9¡1 : density of convective heat stream
clK : c-onvective'heat transfer coefficient
r9O : surface temperatute of the Ëody emitting heat (skin tempcrature)
19¡ : air temperaturc

The * heat stream, caused by physical activity, being constant, skin tcmpe-
rature is falling if the.air tcmperature is lowered, andf or if the convective

- hcat -transfer- coefficicnt is rised. :

i A heated artificial head and u 'î"ut"d 
measuring manikin were uscd to

i "..* determine" the influcnce'-of the geometry of bodies on the convective heat
loss. The indöor climate measuring device developed in the Fraunhofer-ln-

' stitut für Bauphysik (IBP), described in [f], was also applied. In the first
.:J.:ì, ,; .ìj;:r- ..transfcr

r. i,n: l ' r r: ì. in, the
ir¡r i s 7: tt.- . efi the c

.rr; !-¡. .' ,:í. ihc air

Íry an,. air flow probe developed in the IBP
tive test with other air flow probes this one

proved to be non directional and had the shortest time of responsc:
30 ms.

, ,, ,-.$

I

I ' RESULTS AI\ID DISCUSSTON OF MEASUREMENN
f.- ;.r - .,', Results 'tif' rl\casuremehts of 

ithe lônvective hcat transfer cocfficient dK at
"\" ï thèì' front of the headed manikin are prcsented in fig. l. Air strea. ïio.

front,t; tu¡bulcncc.. intens-idcs- are about 5 Vo, 2O Vo, 50 Vo and 70 Vo. At
. , .t first we can sce the expected rise of cl¡ related to air velocity. Further we
. .-r- : - , fìnd incrcase in coñueciion with rising 'ìurbulcnce, alrcady staied in earlier

-* **tests '[Zt- g]. D ffering from these results fig. 1 shows, that this increase
, bccomes only clcar in 'highcr turbulence intensities. Obviously, the warm

-:-:.:::::..i ;:.¡-:.-.::.:::;::':1:::-::::::::.::::::-;:::. 'layCf Of aif neaf tO the bOdy iS noticAbly tfOUblgd Only With highef
'-"---turbulcnce- intcnsities. This lea<Is "to the conclusion that thc dcpcndence of
r the convective heat trarsfer coefficient from the product out of turbulencc

I intcnsity and mean air vclocity 1 as supposcd ea¡licr [1] - is valid only
¿ï'""'ïl{or'""higher "'turbulence' intensities: This becomes more clear in another

, - _ ! presentation of the results shown in fig. 1. In fig. 2, the product of1<-1r-' ' r""ti¡Ëbulcnt€ intènsity ' and mean air velocity was 
- 

chósen to be the
indcpcndcnt variable irstcad of mcan air vclocity. From both pictures we

:.¡nliullrr : .-", t., ¡, rq . ,¡,,.¡ ' , l velOCify Only iS SUfIìCient tO
.rr.el2 ¿.. iì-eE,, s. r1 ,,j.¡u ,r: t[-' Foi äir motion with mean and
..;i ,Ji1{¡ irri :.iu L - ,irr; ,J , iq duct of tubulcncc intcnsity and

.: ;'l î:¿' lfii:- ìa'Ít i. {,'.r';¡,'
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mean air velocity is decisive.

Now, to ans$/er the question of how far the geometry of thc tested body
influences the convective loss of heat, the cK Deasurements at the
complctcly heated test manikin werc comparcd to thosc at the heatcd
artifìcial hsad. The results for thc head found iD t3I are shown in fì9. 3.
Conformity' of fig. 2 to lìg. 3 makcs clear that at the forehead -- air
strearn 'from front - the presence of the complete body is of no influcnce
on the convective loss of heat. The samc applies to hcating of the whole
body surface compared to heating of the head only.
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Fig.3. Convcctive heat transfer coefficicnts of the forehead of the artificial head as
; r' ; :r, a fr¡nctio¡ of product of trubulcncc interuity To and nrcan air velocity i',

, . r : air strcam from front and turbulcnce intcnsities oT c. 5 Vo,fr Vo, SO Vo and
;Ì¡: 70 Vo (measuring points)."

Diffcring hcrcfrom, the position of the measuring point at the tcsted body
is decisive. Frg. 4 makes this clear. In the example of the head, air stream
from front. Constant air vclocity and rcsting air, thc cr¡-valucs ars markcd
for forchead, top of head, neck and tcmple. At foreheäi and top of head
the cr¡1-valucs were almost idcntical whc¡eas the result at thc lcmple is
clearly lowcr. This can be explained by mcau of the air stream ncxt to
thc head, due to low turbulence. The air strcaming along the heated head
is warming up, thus increasing the thick¡ess of the temperature boundary

I

ttr
turbulence ¡nt€nsity P/.1

5
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c¡. This cffect also shows only about
in fig. 4, the convcctivc conditions for
The mcan c¡-rralue being 45^ W/^zK

s. The low value of 1,0 tñr/m'K at the
¡i ..r3r ¡op of the head 'can.ìalso be oçlaincd.,with the above mcntioned cffcct.

r¡ J¡L. . " ., Comparatiræ measuremcnts .of the convective heat transfer coefficient
, ,:, il. ¡:i.appllrng thc indoor climate' measuring devicc of IBP (RKM) have also

shorvn good agreemcnt wilh the artificial hcad and the tcst manikin.
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In the cli¡natic test chamber of the IBP psycho-physical mcasurements were
taken with air stream from front, turbulcnce intcnsity undcr 5 qo, a¡. 23 oc
room tcmperature. This is dcscribed in detail i¡ t3l. The rcsults are in
fig. 5. 

' of those persons is shown who complain aboutdraught the facc, air vclociry bctwecn 0 and 0,5 m/s.
Connect results bf ng. I and the psycho-ph¡,sical results of
fig. 5, percentage mentioned above as ã iunction of thc
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EVALUATION OF THE RESULTS FOR A,SSESSMENT OF DRAUGHT

meon qirvelocity lm/s I
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Pcrccntagc of thosê complaining'aboút draught sensation in the face, air
stream ftóm front, as a funbtion of air velocit¡ turbutence intcnsity below
5 vo and roóm temperature of '23 oc. Mcaslring rralues for seaíed test

' persons dressed with training suits. . .
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convect¡ve heot tronsf€r coeff. lW/m2K I

Fig.6. Percentage of those complaining about draught sensation as a function of
convective heat transfer coêff¡cient at the forehead,23 oC room temPera-
túié,'-air streàm Í¡om front.and turbulencc intensity below 5 Vo, of figures L

and 5.
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GENERALISATION OF :.THE RESU¡.*TS FOR DIFFERENT ROOM
TEMPERATT.'RES

The rcsults found at a r(þm temperature of æ oC are to be applied also

, . to othcr tcmperatures. For this purpose a hcat balance equation was used,
for the dry loss of hcat of man. This shows fig. ?. As a function of
convective heat transfer coefficient cr¡1 the surface temperatures RST of a

, surface heated gith !20 W /.mi. are, marked, each of the same temPerature

. r9¡ and surrounding ór¡¡face fèmperature Ogp (room tcmperature) between
1ð oC and 30 oC; The heating power corrãCponds almost to the total heat
èmiSsion of the resting humañ iorchçaiC (which is cspecialty considered in
the experimcnt) and is cqualed with' convcctive loss of hcat and loss of

I

/
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Flg.7" -Resultant surfäce-iêäperature RST of a surface heated with 120 W/m2K as
hcat transfer coefficient c¡ç as wcll as of room

- l" re OL a¡d sur¡ounding s-ùfaces temperature
at emission. Thc resultant surfacc temperature

he heat balance equation. Ih"^:f- u"¡.y 1e takcn from ligurc 6 for 10 Vo,?ß io and30 Vo
pcrso¡x¡ dissatislicd duc to draught.

!

:-- ' -." 'hcat by radiation. 10
f dissatisfied due ¡o in t
¡ 23 oC, were takcn is

J- -.* 8 rN/m2. 'Assuming don
equal skin surface temerpature, the RST-values for l0 vo, 2o vo and 30 vo

' were imârked by horizontal lincs. From the points of i¡tersection of these
illcii:ì i "rlines and the temPcrature curves fig. 8 directly rcsults. In order to rcceiver,' i) tl ¡il;.t, i,r;;

1jr1 i--. i'$:ì;'l:',ij'il .)r::lt ¡i'rstatemcnts on admissible air.velocities with horizontal air stream from front,
r'^i ì ngìsll r.: 'rj'|ì'rsg¿?:s: ru'."the fig" I rand 8:, were. combined,.and respresented graphically in fig. 9'.
.,:: r;Í, J: eJ¡ilriì ti?.sejr' ¡ ';i',Mean air :velocitics for,:.15 Vo.oî. persons dissatisfied due-to draft sensãtion
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Fig.8. Convcctive .heat transfer coefficicnts taken from figurc 7 corresPond to

Ju'

lO Vo, L5 Vo,20 Vo and 30 7o of persons dissatisfied due to draught as a
function of room temperature.
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.';ir.^,::¿r'''¡?.rrbetween .O:.Vo.and']::70 Vot.as a function of room temperature (taken from
r,.r; : r-¿ri* figures 1;and8).,:Basis hercôf arc psycho'physical mcasurements at seatcd

:1 :i: ';iÌ:,r'test persons-dressed with training'suit at ?3'oC (figure $, physical measure-

ments oG:the convèctívè heat tTa¡¡sfcr coefficie¡t (figt¡¡c 1) as well as the
application of a heat balance euqation (figure 7).

dissotisf ied : 30 tl.
tl.
tl.
tl.r5

10

20

I 7z7¿.
=t-

t)

turbulGnce antensity:
20.1,
50%
?0v.

0-
JN,

'l (,¡: I,

/t /
ìt

I ,ry

4: .. ILP

r
1.,: , ¡¿



:.;:-:;:.:.:: ::1 ..::-:::::.:-:::::.::-¿,::::-::....;:.::-.,:-:,:-:-;-.

214

Further conditions for these curres are: ai¡ stream from front, sedentary
acdvity and clothing, the thermal insulation correspouding to that of a

training suit. Rcgarding the couße of curve for higher tcnperatures wc
must make the following limitation. The heat balance equation shows
correctly the physiological rclations for tcnperatures under 23 oC, wbcrcas
for -higher temperatures the humid hcat cmission via cvaporation should

¡ also be considered. Tbis is the reason why the curves in fig. 9 were
i calculated again, :¿¡ss taking into corsideration thc portion of humid hcat

êmission, already known from literature. However, the course of curves did
hardly change. It will be subject to further research to hnd out how far
the portion of humid heat emission incrcases with increasing convectivc heat
transfer coefficient, thus taking influence on the course of curves mcntioned

I

I

')*lr 'lt

SIJMì,fARY Al.lD OUTITOOK

,..' t'

ttre picsent study shows that bcsides mean air velocity also the turbulence
of "aii motions has an effect on the convective loss of heat of man. Air
temperature ang convective heat transfer coefficient are the variables to
measure the intcgral effect of mean air velocity and turbulence on thc
cooling of skin, thus also on thermal comfort. A correct analysis of air
mõ-iiöäs is condition for correct assignment of air vclocity and turbulence
intensity . to . the new evaluation value, the convective hcat transfer
coefficieni. 'For ''tiris we need ancmonetcrs registering air motion non
direttionaf andi'' if possible, without delay. Measurc-eots of the convcctive
hcat trånsfer coeff¡cicnt provcd, that air velocitics with low turbulcnce must
be evaluatcd indepeudcntly from turbuleucc rcgarding draugt" The product
from turbulencc intcnsity and mcan air velocity is decisive for air velocites

( . ,.,, ,'. ¡;i:¿,i ;i...;,:r. , il;,:råffi,J11'*'*,jT''.0J,'i"ï"0("Ti:, 
*" 
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function ' of lroom tempcratüre -r and tu¡bulence intensity. For room
temperatures around 23 oC¡,we find good ag¡ecment with earlier results of
P. O. Fanger, 'howevcr, j fori'lower room tempcraturcs we fìnd lowcr
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air velocities (fig. 10). The experiments provcd that the convective hcat
transfcr coeffìcicnt can be measuíèd and, togcthcr with air tenperature, is
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