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Puisque nous passons un t i e r s  de  no t r e  v i e  au lit, il p a r a i t  
normal d e  s 8 i n t Q r e s s e r  pa r t i cu l i e r emen t  aux condi t ions  ther -  
miques qu i  r&gnent du ran t  l e  sommeil. 

Cet  a r t i c l e  pr'esente une s 'er ie  d e  mesures e f f e c t u i e s  en p a r t i e  
au l a b o r a t o i r e  e t  d ' a u t r e  p a r t  dans  un nouvel h o s p i t a l  Danois 
ou I r o n  s k s t  eefforc'e d e  cr'eer un environnement thermicpe i d s a l  
pour t o u t  l e  monde, c -s t  5 d i r e  l a  f o i s  pour l e s  malades e t  
le  personnel .  Cela s ' e s t  av'er'e impossible a r B a l i s e r  avec l e s  
Wredons normalement u t i l i s d s  c a r  a l o r s  l a  tempdrature d e  l a  
p i k e  correspondant aux condi t ions  de  con fo r t  pour l e  malade 
a l i t ' e  e s t  d e  12 2 160C, c e  q u i  e s t  une temp'erature t r o p  basse  
pour l e  personnel .  (au Danemark, d 'habi tude ,  l e s  couver tures  
s o n t  f a i t e s  d k n  a r e d o n  l e g e r  e t  doux entourg d \ n e  envelope 
d e  co ton ) .  

Cela nous a amen5 2 e f f e c t u e r  des  mesures en l a b o r a t o i r e  s u r  
m c e r t a i n  n o d r e  dn-Gdredons rempl is  d e  matihres n a t u r e l l e s  ou 
synth'etiques. A p a r t i r  d e s  r s s u l t a t s  on peut  maintenant ' e t ab l i r  
l a  cor r ' e la t ion  e n t r e  l a  temp'erature d e  l a  p i h e  d 'une  p a r t  et 
18 poids e t  l e  contenu d e  l%dredon d ' a u t r e  p a r t  a s su ran t  l e  
con fo r t  thermique du ran t  l e  sommeil. 

Les mesures o n t  5t& effectu 'ees B l l a i d e  d 'un  m m q u i n  d e  t a i l l e  
humaine dont  l e  comportement thermique e s t  c e l u i  d 'un homme en 
bonne santb .  De l a  mesure d e s  r 'eact ions du mannequin a i n s i  cpe 
d e  l a  mesure d e  l a  temp'erature d e  l a  p i i c e  on peut  d'eduire l a  
valelrr d e  l ' i s o l a t i o n  thermique (va l eu r  en c l o )  d e  lP&redon e t  
f i x e r  l a  tempgrature de  l a  p i k e  lorsque  l B o n  d o r t  sous lP'edredon. 

Introcluc t i o n  

A g r e a t  d e a l  of t h e  t o t a l  energy consumption - i n  some coun t r i e s  

a s  much a s  ha l f  - i s  spent  on maintaining an acceptable  indoor . 
cl imate  i n  dwell ings a s  we l l  a s  i n  workplaces. I t  i s  t he re fo re  

reasonable t o  concen t r a t e  on t h i s  a spec t  i n  any e f f o r t  t o  con- 

s e rve  energy, and t h e  l a s t  few yea r s  have shown t h a t  people a r e  

w i l l i n g  t o  save when given appropr ia te  i n s t r u c t i o n s  on how they 

should s e t  about it. 



The s o l e  aim i n  h e a t i n g  o r  c o o l i n g  our sur roundings  i s  t o  c r e a t e  
, 

a comfortable  h e a t  ba lance  between t h e  human body and t h e  env i -  

ronment. The fo l lowing  c l i m a t e  parameters  a r e  e s s e n t i a l  f o r  

t h i s  h e a t  ba lance :  

air temperature convec t ive  h e a t  l o s s  
a i r  v e l o c i t y  
mean r a d i a n t .  t empera ture  
a i r  humidi tv 

c l o t h i n g  
a c t i v i t y  l e v e l  

The f i r s t  f o u r  parameters  a r e  determined by t h e  environment ,  

and a t  t h e  moment c o n s i d e r a b l e  e f f o r t s  a r e  be ing  made t o  o p t i -  

mize t h e s e  parameters  by keeping t h e  energy consumption a s  

low a s  p o s s i b l e ,  e .g .  by means of s o l a r  energy ,  i n s u l a t i o n ,  

h e a t  recovery ,  h e a t  pumps, e t c .  Mean r a d i a n t  t empera ture  and 

a i r  humidi ty c a n  t o  a  l a r g e  e x t e n t  be  determined by t h e  i n d i -  

v i d u a l .  The metabolism is  determined by t h e  occupa t ion  i n  

which t h e  i n d i v i d u a l  is  engaged and t h i s  cannot  be  changed. 

I n  most d a i l y  s i t u a t i o n s  c l o t h i n g  is  s e t  by h a b i t  and f a s h i o n ,  

and it should t h u s  be  p o s s i b l e  t o  a l t e r  t h i s  t o  some e x t e n t .  

F ig .  l shows t h e  connec t ion  between t h e  op t imal  room tempera- 

t u r e  and t h e  i n d i v i d u a l ' s  own parameters ,  a c t i v i t y  l e v e l  and 

c l o t h i n g .  I t  appears  from t h i s  t h a t  it i s  a t  t h e  low a c t i v i t y  

l e v e l s ,  which a r e  t y p i c a l  i n d o o r s ,  t h a t  t h e  i n s u l a t i n g  c a p a c i t y  

of t h e  c l o t h i n g  i s  a d e c i s i v e  parameter .  

However, t h i s  paper  w i l l  d e a l  w i t h  t i e  s i g n i f i c a n c e  of  c l o t h i n g  

i n  one p a r t i c u l a r ,  ve ry  c o m o n  and wel l -def ined  s i t u a t i o n ,  

namely, d u r i n g  s l e e p .  

D e f i n i t i o n  of t h e  t e rm " i n s u l a t i n g  c a p a c i t y  of t h e  c l o t h i n g "  

The main p h y s i o l o g i c a l  purpose of wearing c l o t h e s  i s  t o  reduce  

t h e  h e a t  l o s s  from t h e  body j u s t  enough s o  t h a t  t h e  body ' s  

i n t e r n a l  h e a t  p roduc t ion  c a n  b e  e m i t t e d  t o  t h e  environment 

whi le  s t i l l  main ta in ing  thermal  comfort .  

The u n i t  most f r e q u e n t l y  used i n  i n d i c a t i n g  t h e  h e a t  i n s u l a t i n g  

c a p a c i t y  of t h e  c l o t h i n g  is  c l o ,  in t roduced  i n  l 9 4 1  by Gagge 

e t  a 1  Ll ] .  

The f i g u r e s  a r e  n o t  round because l c l o  was taken  t o  mean t h e  

i n s u l a t i n g  c a p a c i t y  of  a  man's o f f i c e  c l o t h i n g  a s  it was i n  

USA (and Europe) i n  t h e  1940s. 

Clo th ing  amounting t o  l c10 w i l l  m a i n t a i n  a  s e d e n t a r y  person  
2 (metabolism: 60  W/m ) i n  thermal  comfort ,  t h e  r e s u l t i n g  tempera- 

"ire be ing  230C and t h e  a i r  v e l o c i t y  < 0.1 m / s .  

Measuring method ' I n  de te rmin ing  t h e  i n s u l a t i n g  c a p a c i t y  (c lo -va lue)  o f  a  g i v e n  

c l o t h i n g ,  it i s  u s e f u l  t o  employ a  f u l l - s i z e ,  hea ted  mainkin. 

Such a  thermal  manikin (TM2), see f i g .  2 ,  h a s  been developed 

,4 a t  t h e  l a b o r a t o r y ,  and i s  b r i e f l y  d e s c r i b e d  below. 

A$ a s t a r t i n g  p o i n t  i n  t h e  c o n s t r u c t i o n  of  TH2, a  n e a r l y  anato-  

m i c a l l y  c o r r e c t  d i s p l a y  model was chosen.  T h i s  c o n s i s t s  of  a  

s h e l l  of approx. 2  mm f i b r e g l a s s  r e i n f o r c e d  p o l y e s t e r ,  a  con- 

s t r u c t i o n  bo th  l i g h t  and r o b u s t .  The model i s  d i v i d e d  i n t o  

14 s e c t i o n s  ( s e e  f i g .  2)  , each witin its o m  h e a t i n g  system. 

Hndivldual measuring of t h e  h e a t  l o s s  from each o f  t h e  16 sec-  

t i o n s  is  t h d s  p o s s i b l e .  The a c t u a l  h e a t i n g  system, a s  r e g a r d s  

the limbs and head, c o n s i s t s  of  a  t u b u l a r  h e a t i n g  e lement  w i t h  

h b u i l t ,  powerful  a x i a l  blowers ,  which c r e a t e  a  good c o n v e c t i v e  

h e a t  t r a n s f e r  t o  t h e  f i b r e g l a s s  s h e l l  and t h u s  a  uniform te&- 

r a t w e  cm i t s  s u r f a c e .  The t r w k  i s  hea ted  by means of r e s i -  
s t a n c e  w k e s  which a r e  .c~lu& t o  t h e  i n n e r  s i d e  of  t h e  f i b r e -  

g l a s s  s h e l l  a t  d i s t a n c e s  of 5 m. The h e a t  conveyance t o  each  
s e c t i o n  is c m ~ l l e d  by f o w  Ni-wi re - res i s to rs  d i s k r i b u t e d  

e v e n l y  a long  t h e  brier s i d e  o f  the s h e l l .  On t h e  neck,  36 con- 

t a c t s  m u l t i p i e  p l u g s  a r c  b u i l t  i n ,  one each f o r  parts I and 11. 

) By u s i n g  t h e s e ,  3332 can, by m a n s  o f  two 3 m long  m u l t i c a b l e s ,  
be coupled  t o  t h e  j o i n t  contrcrol and measuring a g g r e g a t e  ( f i g .  2 ) .  

- l By means o f  P.O. P a n g e r s s  comfor t  eqraakion \ 2 - ,  it is  p o s s i b l e  

%$on between .skin  ratwe we (ts) and t h e  

h t h e  comfort  c o n d i t i o n .  For a wate r  

p r e s s w e  of 55 nbar  ( e r p a l  t o  240C and 501 W )  t h e  

f o l l w h g  is obtab&: 

r a t u r e  of  TM2 f o l l o w s  t h i s  e x p r e s s i o n ,  t h e  

thermostats f o r  each  of  t h e  16 s e c t i o n s  s e e k i n g  t o  m a i n t a i n  a  

s u r f a c e  tempera ture  of 36.40C, and a t  t h e  same t i m e  having a  



2 c o n s t a n t  and wel l -def ined  load  d e v i a t i o n  ( o f f s e t )  o f  o . O S ~ ~ C / W ~  . 
2 I f ,  f o r  i n s t a n c e ,  TM2 h a r  a  d r y  h e a t  l o s s  of  l 0 0  W/m , 

To ga in  an o v e r a l l  view of  t h e  thermal  system: TM - c l o t h i n g  - 
environment, t h e  e l e c t r i c a l  analogy should b e  cons idered .  From 

f i g .  3, and w i t h  t h e  a i d  of  Ohms law, we o b t a i n  / 

where ts is  t h e  mean s k i n  tempera ture  

tclo is  t h e  mean s u r f a c e  tempera ture  w i t h  c l o t h i n g  

ad i s  t h e  h e a t  l o s s  by r a d i a t i o n ,  conduc t ing  and 

convect ion.  

When cor responding  v a l u e s  of t h e s e  parameters  have been measured, 

t h e  c lo -va lue  can  be  c a l c u l a t e d .  

Measuring i n  a  h o s p i t a l  

I n  connec t ion  w i t h  t h e  conskruc t ion  of D e m a r k ' s  most expens ive  

and most modern h o s p i t a l ,  

it was n a t u r a l  t o  a t t e m p t  t o  op t imize  t h e  thermal  indoor c l i m a t e  

s o  t h a t  bo th  p a t i e n t s  and personne l  could be  i n  thermal  comfort .  

The l a b o r a t o r y ' s  thermal  manikin was used f o r  t h i s  purpose.  

Taking a s  a  s t a r t i n g  p o i n t  t h e  uniform and occupa t ion  of  t h e  

nurs ing  personne l ,  t h e  op t imal  t empera ture  i n  t h e  b d r o o m s  

was e s t a b l i s h e d  a s  220C. 

I t  i s  p o s s i b l e ,  s t i l l  by u s i n g  f i g .  l, t o  d e t e r m i n e  t h e  c l o -  

v a l u e  f o r  a l l  t h e  o t h e r  u s e r s  of t h e  bedrooms, For  p a t i e n t s  
conf ined  t o  bed, t h e  a c t i v i t y  l e v e l  was d u r i n g  t h e  day  

50 W/m2- 1.75 c l o  and a t  n i g h t  40 w/m2- 2.4 c l o ,  and f o r  
p a t i e n t s  allowed up, 70 w/m2 - 0 . 9  c l o .  

It soon became a p p a r e n t  t h a t  t h e  group p r e s e n t i n g  thermal  

comfort problems was t h a t  of t h e  p a t i e n t s  c o n f i n d  t o  bed. 

The main t a s k ,  t h e r e f o r e ,  was t o  a n a l y s e  t h e  thermal  condi-  

t i o n s  of t h i s  group. 

By means of TM , two a n a l y s e s  were performed: 

l. t h e  dependence of  t h e  c l o - v a l u e  on t h e  p a t i e n t ' s  p o s i t i o n  

2. t h e  dependence of t h e  c lo -va lue  on t h e  weigh t  and rnate- 

r i a l  of  t h e  eiderdown. 

I n  fig. 5, TM's h e a t  l o s s  i s  l n d z c a t e d ,  deoendent  of t h e  

resulting tempera ture ,  when l y i n g  under a  t y p i c a l  Danish 

h o s p i t a l  elderdown I n  v a r i o u s  p o s i t i o n s .  I t  w i l l  be  seen  t h a t  
t h e  p o s i t i o n  i s  of d e f i n i t e  s i g n r f i c a n c e  f o r  t h e  h e a t  l o s s .  

T h i s  i s  why t h e  same eiderdown can b e  used, l £  a t  a l l ,  i n  

summer and w i n t e r ,  I n  bo th  h e a t e d  and non-heated bedrooms. 

But  it d o e s  n o t  mean t h a t  it is t h e  i d e a l  s o l u t i o n .  E s p e c i a l l y  

f o r  p a t i e n t s  who a r e  v e r y  ill, it i s  impor tan t  t h a t  t h e y  can  

a t t a i n  thermal  comfort  i n  a  p o s i t i o n  which t h e y  a r e  themselves 

perhaps  unable  t o  a l t e r .  

I n  f i g .  6 ,  TM's h e a t  l o s s  is  shown, dependent  o f  t h e  r e s u l -  

t i n g  tempera ture ,  f o r  v a r i o u s  eiderdowns and b l a n k e t s .  Using 

f i g s .  5 and 6 ,  it i s  p o s s i b l e  t o  c a l c u l a t e  t h e  c lo -va lues  f o r  

a l l  eiderdowns, i n  t h e  v a r i o u s  p o s i t i o n s .  

The r e s u l t  of t h e  i n v e s t i g a t i o n  was t h a t  t h e  l i g h t  t e r y l e n e  

eiderdown was chosen. 

Laboratorv measurements 

A s  a  r e s u l t  of t h e  h o s p i t a l  measurements, some Danish eiderdown 

manufac ture rs  exoressed  a n  i n t e r e s t  i n  having t h e  i n s u l a t i n g  

c a p a c i t y  of t h e i r  p roduc ts  de te rmined .  These measurements 

were made i n  t h e  l a b o r a t o r y ' s  t empera ture -cons tan t  charnber. 

This  i s  a  heavy-room s i t u a t e d  i n  t h e  c e l l a r  and surrounded by 

e x t r a  i n s u l a t i o n  on a l l  s i d e s .  Thus t h e  a i r  t empera ture  is  

e c p a l  t o  t h e  mean r a d i a n t  t empera ture  and t h e  a i r  v e l o c i t y  i s  

- 0.0 m / s .  

TM2 was p laced  on t h e  back,  on a  l 0 0  mm p o l y e t h e r  m a t t r e s s  

w i t h o u t  s h e e t  o r  p i l l o w ,  The eiderdown was p laced  l i g h t l y  

over  t h e  m d e l  s o  t h a t  it b a r e l y  reached  t h e  c h i n  ! f i g .  7 ) .  

The eiderdown was n o t  tucked i n  around t h e  f i g u r e  f o r  t h e  l i g t h e r  

it is, t h e  b e t t e r  it f a l l s  around t h e  body, t h u s  reduc ing  t h e  

h e a t  l o s s .  

Each t ime TM2's h e a t  l o s s  became c o n s t a n t  w i t h  a  new eiderdown, 

t h e  cor responding  v a l u e s  of tr and @d were r e a d ,  a f t e r  which 

t h e  c lo -va lue  of t h e  eiderdown could be  determined w i t h  t h e  

a i d  of t h e  diagram ( f i g .  4 ) .  L ine  A i n d i c a t e s  t h e  connec t ion  

between @d and tr f o r  TE.12 l y i n g  on a  m a t t r e s s  w i t h o u t  an e i d e r -  

down. T h i s  cor responds  t o  an eiderdown w i t h  a  c lo -va lue  of 0. 

When t h e  cor responding  l i n e s  a r e  drawn i n  f o r  t h e  eiderdown 

i n  q u e s t i o n ,  t h e  c l o - v a l u e s  can  be  determined from t h e  for rmla :  



where A t  (OC) i s  t h e  d i f f e r e n c e  between t h e  op t imal  room 

tempera ture  w i t h  and w i t h o u t  eiderdown, a t  a 

h e a t  l o s s  of  @d ( w / m 2 ) .  

0.155 (m2C/w) i s  t h e  convers ion  f a c t o r  from S;-units 

t o  clo-value.  

A s  mentioned e a r l i e r ,  peonle  have d u r i n g  s l e e p  a metabolism of  

approximately 4 0  w/m2- O f  t h i s ,  by f a r  t h e  g r e a t e r  p a r t ,  i . e .  

approx. 32 w/m2, i s  e m i t t e d  t o  t h e  envirorment  a s  d r y  h e a t ,  $d 

( r a d i a t i o n ,  conduc t ion  and c o n v e c t i o n ) .  

The o p t i n a l  bedroom tempera ture  f o r  a p a r t i c u l a r  eiderdown can  

be found from t h e  diagram by i n t e r s e c t i n g  t h e  l f n e s  f o r  each 

eiderdown w i t h  t h e  l i n e  corres-oonding t o  @d - 32 w/m2- 

Index f o r  t h e  c l a s s i f i c a t i o n  of  eiderdowns 

Although t h e  o r i g i n a l  purpose of  c l o t h i n g  was t o  i n s u l a t e  t h e  

body a g a i n s t  t h e  environment ,  no index  i s  a s  y e t  used t o  inform 

t h e  5uyer  of t h e  d e g r e e  t o  which t h i s  purpose can be  expected 

t o  be  f u l f i l l e d .  A s  f a r  a s  eiderdowns a r e  c o n c e r n d ,  t h e  c l o -  

v a l u e  cou ld  be  g iven .  However, t h i s  demands t h a t  people  become 

accustomed t o  it b e f o r e  t h e y  c a n  understand what it means. 

Noreover, a s  eiderdowns a r e  p r i m a r i l y  used d u r i n g  s l e e p ,  i . e .  

a t  i n  a c t i v i t y  l e v e l  of 40 ~ / , 2 ~ ~  t h e  eiderdown's  i n s u l a t i n g  

c a p a c i t y  can be  c h a r a c t e r i z e d  q u i t e  s imply by t h e  room tempera- 

t u r e  which g i v e s  thermal  com3ort d u r i n g  s l e e p  -er t h e  e i d e r -  

do-m i n  q u e s t i o n ,  

Apart  from t h e  a c t u a l  i n s u l a k i n g  c a p a c i t y ,  a form of comfort  

index  would b e  d e s i r a b l e ;  e i d e r d o w s  a r e  by no 

comfor tab le ,  even though t h e y  =ay i n s u l a t e  e q u a l  
l 
! 

eiderdown E I I S ~  be  l i ~ h t  and s o t  s o  t h a t  it f a l l s  w e l l  around 

t h e  u s e r ,  a f a c t o r  which is  inc luded  i n  t h e  l a b o r a t o r y  measuring.  

The s o f t e r  t h e  eiderdown, t h e  b e t t e r  w i l l  i-t f a l l  of i t s  own 

accord around t h e  manikin, and t h e  g r e a t e r  w i l l  be  t h e  c lo -va lue  

measured. The v ~ e i g h t  ctf t h e  eiderdown depends on t h e  t y p e  and 

q u a l i t y  of t h e  m a t e r i a l  used t o  f i l l  i t ,  The h i g h e r  t h e  m a t e r i a l ' s  
h e a t  r e s i s t a n c e  p e r  weigh t  u n i t ,  t h e  b e t t e r .  A r e a s o n a b l e  com- 

f o r t  index  could  t h u s  be: 

ThG a r e a  u n i t  i s  inc luded  p a r t l y  because of c h i l d r e n "  eiderdowns, 

and p a r t l y  s o  t h a t  manufac ture rs  w i l l  n o t  b e  tempted t o  produce 

eiderdowns w i t h  a s m a l l e r  s u r f a c e  a r e a  and consequent ly  l e s s  

weight .  Without t h e  a r e a  u n i t ,  t h i s  w i l l  give a g r e a t e r  E a t  

a lower p r i c e ,  b u t  a t  t h e  same t i m e  perhaps  an eiderdown 

a f f o r d i n g  l e s s  comfort  because it i s  t o o  small .  
Table l g i v e s  t h e  c lo -va lue ,  t h e  bedroom tempera ture  and t h e  

comfort  index  f o r  t h e  eiderdowns t e s t e d  i n  t h e  l a b o r a t o r v .  
I t  i s  n o t  unreasonable  t o  demand t h a t  t h e s e  d a t a  be  d e c l a r e d  

when purchas ing  an eiderdown. Both t h e  manufac ture r  and t h e  

u s e r  would b e n e f i t  from t h i s  in format ion .  The manufacturer  

because w i t h  a more wel l -def ined  and d i f f e r e n t i a t e d  s t o c k ,  

s a l e s  would i n c r e a s e ,  and t h e  u s e r  because,  based on h i s  own 

p e r s o n a l  requ i rement  (bedroom tempera ture ) ,  he  c a n  choose an 

eiderdown which s u i t s  him, and it w i l l  n o t  always b e  t h e  

expens ive  eiderdown w i t h  t h e  h i q h  i n s u l a t i n g  c a p a c i t : ~ .  
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F i g .  3 .  E l e c t r i c a l  ana logy  t o  t h e  thermal  system: 

man - c l o t h i n g  - environment 

Fig. l. The cpti,mal c l o t h i n g  (c lo -va lue)  a s  a  f u n c t i o n  of 

room tempera ture  9ind.aetivity l e v e l  

Fig.  4 .  Graphica l  methcd for c a l c u l a t i n c :  m (eiderdown) 

when t h e  h e a t  l o s s  afid t e s t  room tempera ture  a r e  

known 

Fig. ,2 .  Thermal manikin (TM2) 

and measuring aggrega te  
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Fig. 5 *  The significance of position for heat loss at a given 

Fig. 7. TM2 in measuring position 

temperature and with a qiven heavy eiderdown 
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