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Le mur à contre-courant 

MEDDELELSE NR. 59 

, 
Résumé 

L ' a r t i c l e  présente  l a  cons t ruc t ion  d'un mur e x t é r i e u r  d'un 

nouveau type: le  mur à contre-courant. C e  mir a é t 6  é t u d i é  

en vue d'économiser d e  l ' éne rg ie  au c o u r s  du chauffage d e s  

pièces.  Un c l ima t  i n t é r i e u r  agréable  ne dépend pas seulement 

d e  l a  température d e  l a  pièce,  mais a u s s i  d e  l a  q u a l i t é  d e  

l ' a i r  q u i  est normalement a s s u r k  par une v e n t i l a t i o n  na- 

t u r e l l e  ou a r t i f i c i e l l e  d ' a i r  f r a i s .  On a besoin d ' éne rg ie  

à l a  f o i s  pour réchauffer  l ' a i r  f r a i s  à l a  température d e  l a  

p ièce  e t  p o y  compenser les p e r t e s  d e  chaleur  h t r a v e r s  les 

pa ro i s  d e  l a  pièce.  Le mur à contre-courant, don t  le coeur 

est rempl i  d'un matériau i s o l a n t  poreux, est c o n s t r u i t  d e  

manière à ce que l ' a i r  f r a i s  e n t r a n t  s o i t d i s t r i a i é  d'une 

manière uniforme au niveau d e  l a  su r face  i s o l a n t e  e t  c i r c u l e  

à contre-courant  du  f l u x  d e s  p e r t e s  d e  chaleur . .  Ainsi, l a  

chaleur  perdue sert au pr'echauffage de  l ' a i r  f r a i s .  

On peu t  a u s s i  u t i l i s e r  le mir à contre-courant  pour écono- - 
m i s e r  d e  l ' e n e r g i e  au cours  du ref ro id issement  d'une p ièce  

en inve r san t  l e  courant  d ' a i r .  



I n t r o d u c t i o n  

A good indoor c l i m a t e  depends n o t  o n l y  on a  s u i t a b l e  room 

tempera ture  b u t  a l s o  on g o d  a i r  q u a l i t y .  The l a t t e r  i s  

u s u a l l y  ach ieved  by means of a p p r o p r i a t e  f r e s h  a i r  v e n t i l a t i o n .  

I n  o r d e r  t o  meet t h e s e  demands it is  necessary  t o  u s e  energy 

f o r  a  l a r g e  p a r t  of t h e  y e a r ,  p a i t l y  t o  cover  t r a n s m i s s i o n  

l o s s  through t h e  s u r f a c e s  of t h e  room and p a r t l y  t o  h e a t  t h e  

f r e s h  a i r .  There a r e  s e v e r a l  ways i n  which t h e  e x p e n d i t u r e  

of enerqy f o r  t h i s  purpose can be reduced.  

The t ransmiss ion  l o s s  can be  reduced by b e t t e r  i n s u l a t i o n .  

The energy used f o r  h e a t i n g  f r e s h  a i r  can b e  reduced s i g n i -  

f i c a n t l y  by means of h e a t  recovery  p l a n t s .  

A s  long a s  energy consumption i s  n o t  s u b j e c t e d  t o  r e s t r i c t i o n s ,  

it w i l l  be t h e  c o s t  of t h e  energy which de te rmines  t o  what 

e x t e n t  it i s  advantageous t o  i n s u l a t e  and how much should be  

expended on h e a t  recovery .  

A new procedure w i l l  be  d e s c r i b e d  bel.ow, which can  b e  used 

t o  reduce enerqy expendi tu re  on t h e  h e a t i n g  of  houses. 

The p r i n c i p l e  of t h e  system i s  t h a t  t h e  o u t e r  w a l l s ,  e t c .  

a r e  designed i n  such a  way t h a t  h e a t  t r a n s m i s s i o n  through 

them i-S used t o  p r e h e a t  t h e  f r e s h  a i r  t aken  i n  through t h e  

w a l l o  S porous i n s u i a t i o n .  

Outer  w a l l s ,  c e i l i n g s  and p o s s i b l y  f l o o r s ,  which a r e  designed 

accord ing  t o  t h i s  p r i n c i p l e ,  w i l l  be termed counte r f low w a l l s .  

Before t h e  used a i r  i s  e x p e l l e d  it i s  cooled t o  t h e  ou'cdoor 

t empera ture  by meass of  a  h e a t  pump. The h e a t  ob ta ined  through 
t h i s  p r o c e s s  i s  used t o  h e a t  t h e  house. 

Counterflow w a l l  

The p r i n c i p l e  i n  t h e  cons"auct ion of a c o u n t e r f l o w  w a l l  i s  

i l l u s t r a t e d  i n  f i g .  1. Between two a i r t i g h t  s h e e t s ,  porous 

i n s u l a t i n g  m a t e r i a l  i s  p laced  I n  such a way t h a t  t h e r e  is  

a space  on e i t h e r  s i d e  of it. Fresh  a i r  i s  blown i n t o  t h e  

o u t e r  space  s o  k h a t  t h e  a i r  i s  evenly  d i s t r i b u t e d  and f lows 

through t h e  i n s u l a t i n g  m a t e r i a l  t o  t h e  i n n e r  space  from 

where it e n t e r s  t h e  house through i n l e t s .  

The counte r f low w a l l  t h e o r y  

I f  t h e  i n s u l a t i n g  m a t e r i a l  i s  i n s e r t e d  i n  a  c o o r d i n a t e  system, 
a s  shown i n  f i g .  2 ,  and s u b j e c t e d  t o  a  t empera ture  d i f f e r e n c e  

and an a i r  flow. c o n t r a r y  t o  t h e  h e a t  f low,  t h e  fo l lowing  

d i f f e r e n t i a l  e q u a t i o n  c a n  be  d e r i v e d  f o r  t h e  d e t e r m i n a t i o n  

of t h e  c o u r s e  of t h e  t empera ture  th rough  t h e  i n s u l a t i n g  mate- 

r i a l .  under  s t a t i o n a r y  c o n d i t i o n s .  

where v is  t h e  a i r  v e l o c i t y  

L is t h e  s p e c i f i c  h e a t  of t h e  a i r  

X i s  t h e  h e a t  conductance c a ~ a c i t y  of t h e  i n s u l a t i n g  
m a t e r i a l  

The s o l u t i o n  of t h e  d i f f e r e n t i a l  e q u a t i o n  is: 

to - tz 
where C = v L 

1 - e ~ p ( ~  E) 

where E i s  t h e  t k ~ i c k n e s s  of t h e  i n s u l a t i n g  m a t e r i a l .  

The tempera ture  g r a d i e n t  is  expressed a s  fo l lows:  

2 t -t E o 
For  v = 0, G = 0, o r  qrad t = c o n s t a n t  = -- 

a~ 2 E 

For t h e  warm skde ,  X = 0 ,  we o b t a i n :  

,,ad tov = c 

For t h e  cold s i d e ,  X = E ,  we o b t a i n :  

L 
Trad tEV = C exp(% E; X 

The amount of h e a t  which f lows  i n  throuqh t h e  s i d e  X = 0 is: 

X grad toV 



The amount of heat  which flows ou t  through the  s i d e  X = E is: 

X grad tEv 

The d i f f e rdnce  between these  two amounts goes toward heat ing  

the  a i r  flowing through t h e  in su la t ing  mater ia l :  

gl = L v  !to - tE) 

X (grad tov - qrad tEV) = L v i t o  - tE) 

The unused heat  l o s s  through the  inner s ide  of t he  wal l  i s  

a s  follows: 

A arad t v - L v (to - tE\I= X grad tEv 

Without a i r  flow, v = 0 ,  t he  hea t  l o s s  through the  wai l  is: 

t~ - to A grad txO = A --- E 

A s  a c l e a r  expression of how mzch the  counterflow p r inc ip l e  

i m ~ r o v e s  the  in su la t ing  capaci ty  of t h e  wal l ,  t h e  concept 

"equivalent  i n su la t ing  thickness" is  inser ied  which can be 

defined a s  the  th ickness  which the  in su la t ing  l aye r  should 

have i n  order t o  g ive  the  same hea t  l o s s  through the  wal l  

without a i r  flow ( v  = 0 ) .  

For a t y p i c a l  counterflow wa l l  with mineral wool i n su la t ion ,  

t he  following values can be reckoned with: 

For var ious  values of v the  equivalent  i n su la t ing  thickness, 

independent of t h e  a c t u a l  i n su la t ing  th ickness ,  can be seen 

i n  f i g .  3. 

Heat balance f o r  a house \ 

Meat l o s s  = heat addi t ion  

Heat l o s s  can be d iv ided i n t o  t h e  following components: 

Vent i la t ion  h e a t  l o s s  01- 

Transmission l o s s  though ou te r  wa l l s  and c e i l i n g  Q2- 

Transmission l o s s  t b o u g h  f l o o r  Q3- 

Transmission l o s s  through windows and doors 04- 

Heat addi t ion  cahl be divided i n t o  t h e  following components: 

Heat addi t ion  from s o l a r  r ad ia t ion  through WMGWS 05' 

Beat addi t ion  from people 06+ 

Heat addi t ion  from housekeeping 07' 

Heat addi t ion  from heat ing  p l a n t s  08 * 
Heat balance 

Ql- ' Q2- ' e3- ' = d- 06' -'r g' + 08' 

The following example w k l  show t h a t  it is  a r e a l i s t i c  possi-  

b i l i t y  CO bui ld  a house i n  such a way t h a t  Q8+ is  negative,  

i . e .  t h e r e  is excess hea t  which by means of a hea t  pump can 

be used t o  hea t  t h e  household water supply. 

Heat balance for  a zero energy house 

Data Qf t h e  house: 

Floor area  8 x l 5  m = l20 m" 
Cei l ing  height  2.5 m 

Room volume 300 m3 

S Window a rea  20 m" 
c e i l i n g  + outer  wapls 200 m 2 

Vent i la t ion  

The following z e s h  a i r  v e n t i l a t i o n  Is reckoned with: 

8 evening hours ( 4  persons i n  t h e  house] 200 m3h-l- 0.67 h-' 

8 n igh t  hours ( 4  persons s leeping)  120 - -0.4 - 
8 day hours (l  person working) l20 - - 0.4 - 

The corresponding v e n t i l a t i o n  heat  l o s s  is ql = 51 W C-' 

Transmission l o s s  

The c e i l i n g  and ou te r  wa l l s  a r e  constructed a s  counterflow wa l l s  

with mineral wool i n su la t ion  of 0.20 m. The amounts of f r e s h  

a i r  i nd ica t edp  namely 200 and 120 m3h-l, correspond t o  a i r  velo- 

c i t i e s  through t h e  in su la t ion  of 1 m h-' and 0.6 m h-' respec- 

t i ve ly .  From f i g .  3 it w i l l  be seen t h a t  t h i s  corresponds t o  

equivalent  i n s u l a t i n g  th icknesses  of 0.64 and 0.39 m respec- 

t i v e l y ,  

The corresponding transmission l o s s  i s  q2 = l 6  W C-', d i s regar-  

ding t h e  s=f ace r e s i s t ance ,  



The f l o o r s  a r e  b u i l t  w i t h  0.40 m mineral. wool w i t h o u t  t h e  coun- 

t e r f l o w  p r i n c i p l e ,  t h e  cor responding  t r a n s m i s s i o n  l o s s  be ing  

q3 = 11 W c-l. 

The windows and o u t e r  d o o r s  a r e  b u i l t  w i t h  t h r e e  l a y e r s  of  

g l a s s  and i n s u l a t e d  o u t e r  s h u t t e r s  which a r e  used a t  n i g h t  s o  

t h a t  t h e  t r a n s m i s s i o n  ' loss  is  q4  = 20 W C-l. 

T o t a l  h e a t  l o s s  

For a  normal Danish h e a t i n g  season  w i t h  a  d e q r e e  day  number 

of 3000, t h e  h e a t  consumption is: 

Heat a d d i t i z  

I n  a  normal Danish h e a t i n g  season t h e r e  can be a  u s a b l e  sol.ar 

h e a t  a d d i t i o n  through t h e  windows of Q5 = 2800 kwh. 

From a  household cornprising 4  persons  one can reckon w i t h  a  

h e a t  a d d i t i o n  of Q6 = 2400 kIBh, and from normal housekeeping, 

a  u s a b l e  h e a t a d d i t i o n  of Q7 = 2400 kWh. 

Heat ba lance  

For a  whole h e a t i n q  season t h e  h e a t  a d d i t i o n  t h u s  exceeds t h e  

h e a t  l o s s  by 500 kWh. 

The h e a t i n g  p l a n t  

Even though t h e r e  i s  i n  t h i s  way a  ba lance  between h e a t  a d d i t i o n  

and h e a t  l o s s  over  t h e  whole h e a t i n q  season ,  t h e r e  w i l l  a t  

c e r t a i n  p e r i o d s  be  a  h e a t  requ i rement  which must be  met by 

means of a  h e a t i n g  p l a n t .  The necessary  amount o: h e a t  f o r  

t h i s  purpose i s  s t o r e d  i n  a  h e a t  accumulator ,  e .g .  a  wate r  t ank ,  

w i t h  t h e  a i d  of  a  h e a t  pump i n  t h o s e  p e r i o d s  when t h e  h e a t  

a d d i t i o n  is g r e a t e r  t h a n  t h e  h e a t  l o s s .  

pump which cools the us& air from room tempratwe to 'outCoor 

a i r  t empera ture .  I f  an e f f e c t  f a c t o r  of 3 i s  reckoned w i t h  . 
from t h e  h e a t  pump, t h e  c u r r e n t  needed f o r  t h i s  w i l l  b e  

1390 kwh. (The amount of  h o t  wate r  used by a  t y p i c a l  Danish 

fami ly  cor responds  t o  a  h e a t  consumption of 3000 kWh). 

Piinc~oie sketch OI zero- m y  houw 

cdd side 

%is.% . 

Hot water  supply  

The amount of h e a t  r e j e c t e d  w i t h  t h e  v e n t i l a t i o n  a i r  

5 ,  = 3572 kWh + Q8 = 500 k m  = 4172 klfi - 
c?.? be uspd f o r  h e a t i n g  t h e  water  supply by means of  t h e  h e a t  
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