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SYNOPSIS 

The bu i ld ings  b u i l t  according t o  t h e  l a t e s t  construc-  
t i o n  technology aiming a t  energy saving a r e  a s  t i g h t  
a s  poss ib le .  The v e n t i l a t i o n  of a  t i g h t  bu i ld ing  has 
t o  be completely mechanical (supply and exhaust a i r  
system). The hea t ing  of t h e  bu i ld ing  can a l s o  be in-  
cluded i n  t h e  mechanical v e n t i l a t i o n  system with s m a l l  
addi t ions .  The new warm a i r  hea t ing  system developed 
a t  t h e  Laboratory of Heating and Ven t i l a t ing  of t h e  
Technical Research Centre of Finland is  t h e r e f o r e  c a l -  
l ed  v e n t i l a t i o n  hea t ing  system. 

The v e n t i l a t i o n  hea t ing  system has s e v e r a l  p r o p e r t i e s  
t h a t  can be achieved only  when t h e  hea t ing  e f f e c t s  
needed by both hea t ing  and v e n t i l a t i o n  a r e  completely 
ad jus tab le  on a  room by room b a s i s .  Then t h e  f a c t o r s  
inf luencing  room c l imate  can be c o n t r o l l e d  with only 
one system. 

The v e n t i l a t i o n  hea t ing  system has s u f f i c i e n t  sound in- 
s u l a t i o n  and sound a t t e n u a t i o n  due t o  t h e  s t r u c t u r e  of 
t h e  c e n t r a l  u n i t  and r i g h t  s e l e c t i o n  of a i r  t e rmina l  
devices .  The exhaust a i r  flows a r e  con t ro l l ed  by t h e  
inhab i t an t  according t o  h i s  l o c a l  and temporal needs. 
The p ressu re  r a t i o s  of t h e  bui ld ing ,  and t h e  outdoor 
and exhaust a i r  flows, a r e  under c o n t r o l  i n  t h e  d i f f e r -  
e n t  f an  opera t ion  condi t ions .  The temperature of each 
room can be c o n t r o l l e d  with one a d j u s t i n g  knob accord- 
i n  t o  t h e  needs of t h e  i n h a b i t a n t .  The hea t ing  system 
i s  s u i t a b l e  f o r  upper-d is t r ibut ion  (blowing of warm a i r  
from t h e  wa l l  o r  c e i l i n g ) .  The room-based a i r  flows do 
not have t o  be c o n t r o l l e d  accura te ly  according t o  t h e  
hea t ing  need. The supply a i r  duc t s  need not  be h e a t  
insu la ted .  

The v e n t i l a t i o n  hea t ing  system p a r t i c u l a r l y  g i v e s  be t -  
t e r  changes t o  meet t h e  i n h a b i t a n t s '  expecta t ions  on 
t h e  hea t ing  and v e n t i l a t i o n  systems, and g ives  bases  
f o r  i n d u s t r i a l  production of a  new generat ion of w a r m  
a i r  hea t ing  and v e n t i l a t i o n  systems. 

1  INTRODUCTION AND BACKGROUND 

1.1 Need f o r  development i n  warm a i r  heat ing 

A s  a  h e a t  d i s t r i b u t i o n  system f o r  small  houses w a r m  a i r  
hea t ing  came t o  t h e  markets i n  i t s  p resen t  form i n  Fin- 
land i n  1976. It soon became more popular and reached 
t h e  t o p  of i t s  success  i n  1981. Since then t h e  propor- 
t i o n  of warm a i r  hea t ing  has considerably decreased i n  
small house production due t o  f a i l e d  system app l i ca -  
t i o n s  and s t rong  inc rease  i n  d i r e c t  e l e c t r i c  hea t ing .  



The i n v e s t i g a t i o n  / I /  has  evaluated t h e  need f o r  devel- 
opment of warm a i r  hea t ing  systems on t h e  b a s i s  of 
f i e l d  tests on t h e  e x i s t i n g  w a r m  a i r  hea t ing  systems. 
Much need f o r  development has  a l s o  been found i n  t h e  
l abora to ry  tests of warm a i r  hea t ing  c e n t r a l  u n i t s .  

Future v e n t i l a t i o n  and hea t ing  systems must t a k e  par- 
t i c u l a r l y  i n t o  account t h e  i n h a b i t a n t s '  expecta t ions  
on f l e x i b l e  hea t ing  and v e n t i l a t i o n  systems / 5 / :  s t a b l e  
room-controlled i d e a l  temperature,  s i l e n t  and e f f e c t i v e  
demand-controlled v e n t i l a t i o n .  

In  bu i ld ing  of new v e n t i l a t i o n  hea t ing  systems s p e c i a l  
a t t e n t i o n  was paid t o  t h e  development and experiments 
of t h e  following: t h e  t i g h t n e s s  and a c o u s t i c s  of ven- 
t i l a t i o n  hea t ing  system, room-based temperature con- 
t r o l ,  t h e  s p e c i a l  p r o p e r t i e s  of high s idewal l  supply 
o u t l e t s ,  c o n t r o l  of t h e  outdoor a i r  and exhaust  a i r  
flows i n  t h e  d i f f e r e n t  fan  opera t ion  cond i t ions ,  l o c a l  
and temporal c o n t r o l  of exhaust a i r  v e n t i l a t i o n .  

The opera t ion  of t h e  v e n t i l a t i o n  hea t ing  system devel- 
oped on t h e  b a s i s  of l abora to ry  tests has been s tud ied  
i n  t h e  t i g h t  ( 1 , l  a i r  changes per  hour a t  50 Pa) 1,5- 
s t o r y  experimental  house ( 88 W/K thermal conductance 
of bu i ld ing  envelope) of t h e  Technical Research Centre 
of Finland. 

1.2 Why v e n t i l a t i o n  hea t ing?  

According t o  t h e  l a t e s t  cons t ruc t ion  technology t h e  
bu i ld ings  have been made a s  t i g h t  a s  poss ib le .  The 
v e n t i l a t i o n  of a  t i g h t  bu i ld ing  has t o  be completely 
mechanical (mechanical supply and exhaust a i r  system). 
With small  add i t ions  hea t ing  of t h e  bui ld ing  can a l s o  
be included i n  mechanical v e n t i l a t i o n .  

I f  outdoor a i r  i s  no t  suppl ied i n t o  the  bu i ld ing  me-. 
chan ica l ly ,  s u f f i c i e n t  supply a i r  openings f o r  outdoor 
a i r  have t o  be arranged i n  t h e  bui ld ing  envelope, most- 
l y  by leaving  supply a i r  openings without weather s t r i p  
i n  t h e  upper sashes.  Thus, i n  order  t o  guarantee suf -  
f i c i e n t  v e n t i l a t i o n  t h e  bu i ld ing  has d e l i b e r a t e l y  been 
made leaky. 

The sound i n s u l a t i o n  of a  t i g h t  bui ld ing  equipped wi th  
mechanical v e n t i l a t i o n  i s  s i g n i f i c a n t l y  b e t t e r  than 
t h a t  of a  d e l i b e r a t e l y  leaky bui ld ing .  Tightness is 
one of t h e  most important p r o p e r t i e s  of a  bui ld ing  when 
we  t r y  t o  reach good sound i n s u l a t i o n .  



VENT1 LATI ON HEATING SYSTEM 
1, SUPPLY A I R  FAN T F  
2, EXHAUST A I R  FAN P F  

5. HEAT RECOVERY DEVICE 

9 ,  DEVICE FOR MEASUREMENT OF 
OUTDOOR A I R  FLOW 

10. DEVICE FOR MEASUREMENT OF 
EXHAUST A I R  FLOW 

11, DEVICE TO INCREASE EXHAUST A I R  , 

Figure 1. Air technical diagram of the ventilation heating system / 3 / .  



Figure 2 .  Operat ional  diagram of t h e  warm water 
hea t ing  network of t h e  v e n t i l a t i o n  hea t ing  
system. Bo i l e r  p l a n t ,  two-pipe reverse-re-  
t u r n  system / 3 / .  

2 - 1  A i r  t e c h n i c a l  ope ra t ion  

Supply a i r  f a n  (hea t ing  a i r  and outdoor a i r  f a n )  TF 
opera tes  i n  two d i f f e r e n t  p o s i t i o n s  ( r o t a t i o n  speed o r  
vo l t age  c o n t r o l ) ,  of which t h e  c o n t r o l  p o s i t i o n  with 
h igher  a i r  flow is  used under t h e  hea t ing  season and 
t h e  saving p o s i t i o n  with smaller  a i r  flow a t  o t h e r  
t i m e s .  The minimum a i r  flow needed by t h e  supply a i r  
f an  a t  o t h e r  t imes i s  adjus ted  with t h e  a i d  of r e c i r c -  
u l a t i o n  a i r  damper SP thus  t h a t  t h e  maximum outdoor a i r  
flow is  reached when t h e  supply a i r  fan  is  a t  i t s  
minimum when t h e  exhaust  a i r  f a n  opera tes  a t  i t s  maxi- 
mum. 

The flow r a t i o  r e g u l a t o r  F r C  of t h e  outdoor a i r  and ex- 
haus t  a i r  flows keeps t h e  d i f f e r e n c e  between t h e  ex- 
haus t  and outdoor a i r  flow cons tan t ,  even though t h e  
a i r  f i l t e r s  g e t  d i r t y ,  and p r o t e c t s  t h e  hea t  recovery 
device from f reez ing .  The regu la to r  F r C  c o n t r o l s  t h e  
outdoor a i r  flow according t o  t h e  exhaust a i r  flow and 
keeps negat ive  p ressu re  i n  t h e  house, The flow r a t i o  
r e g u l a t o r  i s  ad jus ted  s o  t h a t  t h e  maximum outdoor a i r  
flow is  about 70 - 80 % of t h e  maximum exhaust  a i r  flow. 
The d i f f e r e n c e  between exhaust a i r  flow and outdoor a i r  
flow remains almost cons tan t  wi th in  t h e  whole flow 
range. 



The exhaus t  a i r  f a n  PF o p e r a t e s  cont inuous ly  w i t h  an  
a i r  f low corresponding t o  minimum v e n t i l a t i o n  ra te .  
The exhaus t  a i r  t e r m i n a l  dev ices  of  mois t  rooms ( e .g .  
t o i l e t  and bathroom) a r e  s i l e n t  dev ices  equipped wi th  a  
p o s s i b i l i t y  of  i n c r e a s i n g  a i r  flow. The i r  dampers ena- 
b l e  e a s y  spa t io t empora l  c o n t r o l  o f  exhaus t  a i r  v e n t i l a -  
t i o n .  Ki tchen v e n t i l a t i o n  can be inc reased  wi th  t h e  
damper o f  t h e  hood. T o t a l  v e n t i l a t i o n  can be inc reased  
with  t h e  c o n t r o l  knob i n  t h e  hood by i n c r e a s i n g  t h e  ro-  
t a t i o n  speed o f  t h e  exhaus t  a i r  f a n .  When t h e  exhaus t  
a i r  f a n  s t o p s  t h e  t i g h t  damper of  t h e  outdoor a i r  duc t  
c l o s e s .  

The room-based a i r  f lows o f  an a i r  ductwork a r e  ad- 
j u s t ed  wi th  t h e  a i d  of s u f f i c i e n t l y  h igh  p r e s s u r e  
( >  50 Pa) and s i l e n t  a i r  t e r m i n a l  dev ices .  The r e c i r c -  
u l a t i o n  a i r  i s  c i r c u l a t e d  on a room by room b a s i s  (sound 
i n s u l a t i o n )  o r  l e d  c e n t r a l l y  through i n d i v i d u a l  room 
t r a n s f e r  openings  under t h e  doors  and hallways t o  t h e  
c e n t r a l  u n i t .  

Outdoor a i r  i s  prehea ted  p r i m a r i l y  i n  t h e  h e a t  recovery 
device  and when mixed w i t h  t h e  r e c i r c u l a t i o n  a i r .  I n  
a d d i t i o n ,  a i r  i s  hea ted  1  - 2  K i n  t h e  supply a i r  f an .  
The r e c i r c u l a t i o n  a i r  f low is  a d j u s t e d  wi th  t h e  a i d  of  
r e c i r c u l a t i o n  damper SP t h u s  t h a t  a t  maximum outdoor  
a i r  f low t h e  tempera ture  o f  t h e  a i r  blown i n t o  t h e  
ductwork does  n o t  wi th  d e s i g n  outdoor  temperature  s i n k  
below t h e  dew p o i n t  t empera ture  of  t h e  a i r  surrounding 
t h e  n o t  t he rma l ly  i n s u l a t e d  ductwork. A p r a c t i c a l  de- 
s i g n  va lue  f o r  t h e  r e c i r c u l a t i o n  a i r  f low could be 
t w i c e  t h e  ou tdoor  a i r  f low.  

I n  t h e  t i g h t  1 ,5 - s to ry  exper imenta l  house t h e  t o t a l  
warm supply a i r  f low w a s  119 dm3/s, mechanically sup- 
p l i e d  outdoor  a i r  f low w a s  34 dm3/s and t h e  exhaus t  a i r  
f low w a s  52 dm3/s. The w a r m  s u  p l y  a i r  f lows o f  t h e  S d i f f e r e n t  rooms w e r e  15 - 21 dm /s. 

A room-based t e r m i n a l  h e a t  t r a n s f e r  u n i t  HLY h e a t s  t h e  
low tempera ture  ( >  10°c) a i r  i n  t h e  supply a i r  d u c t  and 
t h e  room. The rooms can be hea ted  wi th  warm w a t e r  o r  
e l e c t r i c a l  h e a t i n g  c o i l s .  The t e r m i n a l  h e a t  t r a n s f e r  
u n i t  comprises  room tempera ture  s enso r  TE and c o n t r o l  
u n i t  TC. 

The s t r u c t u r e  of  t h e  c e n t r a l  u n i t  of  t h e  v e n t i l a t i o n  
h e a t i n g  system i s  simple.  Af t e r  t h e  pread jus tments  of 
t h e  a i r  f lows t h e  system works au toma t i ca l ly .  The de- 
s i r e d  room tempera ture  can  be a d j u s t e d  wi th  t h e  c o n t r o l  
knob i n  t h e  h e a t i n g  u n i t  i n  each room. 



2 . 2  Heat t e c h n i c a l  ope ra t ion  

Control c e n t r e  TC 1  of  t h e  hea t ing  water network con- 
t r o l s  t h e  r e g u l a t i n g  valve (e .g .  two- o r  three-way 
va lve)  on t h e  b a s i s  of t h e  measurement va lues  of supply 
water temperature sensor  TE 1A and heat  need sensor 
(e.g.  outdoor a i r  sensor)  TE 1B and keeps t h e  supply 
water temperature according t o  t h e  s e t  p o i n t s  of TC 1 .  
The set p o i n t s  of t h e  temperature of t h e  water going t o  
t h e  t e rmina l  hea t  t r a n s f e r  u n i t s  a r e  s e l e c t e d  thus  t h a t  
i n  normal loadings each room can always have enough 
hea t ing  e f f e c t  f o r  hea t ing  and v e n t i l a t i o n .  A bypass 
pipe equipped with flow c o n t r o l  valve i s  i n s t a l l e d  i n  
t h e  water hea t ing  network f o r  a small bypass flow i n  
o rde r  t h a t  t h e r e  i s  always f a s t  enough hea t  a v a i l a b l e  
f o r  each hea t ing  c o i l  and a t  t h e  same t i m e  t h e  disad- 
vantageous pressure  condi t ions  of c o i l  r egu la to r  valve 
a r e  avoided. The water flows of t h e  heat ing c o i l s  a r e  
l i m i t e d  according t o  t h e  design condi t ions .  The room- 
wise temperature c o n t r o l l e d  va lves  TV 2 .1  - TV 2 . 5  
t h r o t t l e ,  when needed, t h e  water flow of t h e  hea t ing  
c o i l s  according t o  t h e  need f o r  heat ing.  

Even water r a d i a t o r s  can be i n s t a l l e d  i n  t h e  heat ing,  
network, e .g .  f o r  t h e  k i tchen,  garage and wind chamber. 

The hea t ing  water network according t o  two-pipe re-  
verse- re turn  system presented i n  Figure 2  should 

t e c h n i c a l l y  be dimensioned thus  t h a t  t h e  pressure  
l o s s  of t h e  pipe i s  lower than 1 0 0  Pa/m and t h e  pres- 
su re  l o s s e s  of t h e  c o i l  o r  r a d i a t o r  valves a r e  higher 
than  2  kPa / 2 / .  

3 ADJUSTMENT OF ROOM TEMPERATURE 

I n  t h e  v e n t i l a t i o n  hea t ing  system t h e r e  i s  during t h e  
hea t ing  season f o r  each room simultaneously a v a i l a b l e  
both hea t ing  and cool ing  e f f e c t  and room temperature 
can simply be s e l e c t e d  with a c o n t r o l  knob i n  t h e  wa l l .  
Figure 3 shows a t y p i c a l  c o n t r o l  s i t u a t i o n  of a room 
temperature i n  t h e  experimental  house on a sp r ing  day. 
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Figure  3 -  P r o p e r t i e s  o f  room-based temperature  c o n t r o l  
i n  t h e  v e n t i l a t i o n  h e a t i n g  system on a sunny 
s p r i n g  day. 
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4 PREADJUSTMENT OF A I R  FLOWS 

I n  t h e  v e n t i l a t i o n  h e a t i n g  system t h e  c e n t r a l  u n i t  i s  
placed i n  t h e  middle of  t h e  b u i l d i n g .  The sound a t t e n -  
ua ted  and low tempera ture  a i r  from t h e  c e n t r a l  u n i t  i s  
supplied and d i s t r i b u t e d  a t  high l e v e l  along sho r t  un- 
i n su l a t ed  a i r  ducts  a t  a  high enough pressure t o  the  
s i l e n t  a i r  t e r m i n a l  dev ice  on t h e  back o r  s i d e  w a l l  of 
each room. No o t h e r  sound g e n e r a t i n g  dampers are 
needed i n  t h e  d u c t s .  The h e a t i n g  c o i l  i n  each room can 
be i n  t h e  a i r  d u c t  r i g h t  o u t s i d e  t h e  room o r  i n  t h e  a i r  
t e r m i n a l  dev ice .  

A t  an a i r  f low cor responding  t o  maximum h e a t i n g  e f f e c t  
o r  maximum exhaus t  a i r  v e n t i l a t i o n  rate t h e  s u f f i c i e n -  
t l y  h igh  p r e s s u r e  and s i l e n t  supply and exhaus t  a i r  
t e r m i n a l  d e v i c e s  should m e e t  t h e  fo l lowing  r e q u i r e -  
ments : 

- t o t a l  p r e s s u r e  l o s s  > 50 Pa 
- h i g h e s t  accep ted  sound p r e s s u r e  l e v e l  i n  a room (10 

m2 sound abso rp t ion )  25 dB (A)  . 
A smal l  a i r  tempera ture  g r a d i e n t  is  reached i n  t h e  room 
when t h e  throw cor responding  t o  t h e  t e r m i n a l  v e l o c i t y  
0,2 m / s  of  t h e  supply a i r  d e v i c e ' s  warm a i r  f low i s  a t  
l e a s t  t h e  f r e e  l e n g t h  o f  t h e  room and t h e  supply a i r  
t e rmina l  dev ice  has  good a i r  mixing p rope r t i e s ,  f i g u r e  
4 .  
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Figure  4 .  Indoor a i r  tempera ture  g r a d i e n t  i n  a bedroom 
hea ted  by t h e  v e n t i l a t i o n  h e a t i n g  system on  
a win te r  n i g h t .  

The preadjustment  and sound t e c h n i c a l  p r o p e r t i e s  re- 
q u i r e d  of  t h e  a i r  t e r m i n a l  d e v i c e s  combined wi th  good 
a i r  d i s t r i b u t i n g  p r o p e r t i e s  make a g r e a t  p a r t  of t h e  
marketed supply a i r  d e v i c e s ,  e . g .  g r i l l e s  and r e g i s -  
ters, u n s u i t a b l e  f o r  t h e  v e n t i l a t i o n  h e a t i n g  systems.  

I n  t h e  v e n t i l a t i o n  h e a t i n g  system t h e  room-based warm 
a i r  f lows  do no t  have t o  be e x a c t l y  accord ing  t o  t h e  
h e a t  l o s s e s  of  t h e  rooms, because t h e  h e a t i n g  e f f e c t s  
needed by t h e  rooms are t r a n s f e r r e d  t o  t h e  a i r  from 
s e p a r a t e  h e a t i n g  c o i l s .  The h e a t i n g  a i r  f low i n  t h e  
room s h a l l  be s u f f i c i e n t  i n  o r d e r  t h a t  t h e  h e a t i n g  e f -  
f e c t  corresponding t o  t h e  des ign  s i t u a t i o n  can be 
t r a n s f e r r e d  t o  t h e  room from t h e  h e a t i n g  c o i l .  The 
w a r m  a i r  f lows  of t h e  rooms s h a l l  be l i m i t e d  t h u s  t h a t  
t h e  sound l e v e l s  of  t h e  a i r  t e r m i n a l  dev ices  a r e  low 
enough. 

F igu re  5 / 4 /  shows t h e  i n t e r a c t i o n s  between t h e  supply 
a i r  tempera ture  and w a r m  a i r  f low rate i n  an  upper d i s -  
t r i b u t e d  w a r m  a i r  h e a t i n g  system, By s e l e c t i n g  t h e  
r i g h t  supply a i r  t empera tures  and a i r  f lows w e  can ob- 
t a i n  good room c l i m a t e .  



Figure 5.  I n t e r a c t i o n s  between supply a i r  temperature 
and warm a i r  flow r a t e  i n  an upper d i s t r i b -  
u ted  warm a i r  hea t ing  system / 4 / .  
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5 NOISE CONTROL 

1 2 3 l/h 

WARM A I R  FLOW 

A t  maximum a i r  flow t h e  t o t a l  sound power l e v e l s  a r e  
about 79  - 87 dB a t  t h e  i n l e t s  and o u t l e t s  of t h e  fans 
of t h e  v e n t i l a t i o n  hea t ing  system. This means use of 
very e f f e c t i v e  noise c o n t r o l  i n  o rde r  t o  reach t h e  
noise l e v e l s  accepted i n  rooms, 25 - 30 dB(A). I n  bed- 
rooms t h e  sound l e v e l  should be 25 dB(A) a t  most. 

In  t h e  v e n t i l a t i o n  hea t ing  system a l l  t h e  noise  c o n t r o l  
( v i b r a t i o n  i s o l a t i o n  and sound a t t e n u a t i o n  of f ans  and 
sound i n s u l a t i o n  of t h e  cas ing)  have been made i n  t h e  
c e n t r a l  u n i t .  I n  a d d i t i o n ,  the  r i g h t  type of s u f f i -  
c i e n t l y  high pressure  and s i l e n t  a i r  terminal  devices  
a r e  s e l e c t e d  f o r  preadjusment of t h e  a i r  flows i n  t h e  
rooms and max 3 - 4 m / s  flow v e l o c i t i e s  a r e  used i n  t h e  
a i r  duc t s .  

6 A I R  FILTRATION 

The need of f i l t e r i n g  t h e  outdoor,  r e c i r c u l a t i o n  and 
exhaust a i r  used i n  t h e  v e n t i l a t i o n  hea t ing  system can 
be es i tmated  on t h e  b a s i s  of both equipment and room 
s o i l i n g  and s a n i t a r y  viewpoints.  



I n  t h e  v e n t i l a t i o n  hea t ing  system t h e  e f f i c i e n c y  and 
s t r u c t u r e  of t h e  a i r  f i l t e r s  can f r e e l y  be s e l e c t e d  
according t o  need of f i l t e r i n g .  Bypass flows of t h e  
a i r  f i l t e r s  must be prevented,  

6.1 Outdoor a i r  f i l t e r s  

A t  least t h e  l a r g e s t  d u s t  p a r t i c l e s  have t o  be f i l t e r e d  
from t h e  outdoor a i r  t o  keep t h e  h e a t  recovery device 
c l ean .  A good p r e f i l t e r  i s  s u f f i c i e n t .  I f  t h e  outdoor 
a i r  has  high d u s t  con ten t  and p l e n t y  of small  p a r t i c l e s  
a t  l e a s t  a  f i n e  f i l t e r  of Eurovent a i r  f i l t e r  c l a s s  EU4 
has  t o  be used. 

6.2 Reci rcula t ion  a i r  f i l t e r s  

The development of d u s t  i n  t h e  apartment i s  dec i s ive  
f o r  t h e  d u s t  content  of t h e  r e c i r c u l a t i o n  a i r .  The 
d u s t  and t e x t i l e  f i b r e s  developed due t o  f r i c t i o n  a r e  
r e l a t i v e l y  l a r g e .  A good p r e f i l t e r  should be s u f f i -  
c i e n t  f o r  f i l t e r i n g  them. The p a r t i c l e s  of c i g a r e t t e  
smoke a r e  < 1  pm while  t h e  average p a r t i c l e  s i z e  i s  
about 0 , l  urn. E f f i c i e n t  f i l t e r i n g  of these  p a r t i c l e s  
a s  w e l l  a s  o t h e r  small  p a r t i c l e s  hazardous t o  hea l th  
r e q u i r e s  very good f i n e  f i l t e r s  ( a t  l e a s t  EU7). 

6.3 Exhaust a i r  f i l t e r s  

Exhaust a i r  con ta ins  i n  a d d i t i o n  t o  r e c i r c u l a t i o n  a i r  
d u s t  a l s o  grease  from t h e  k i tchen.  A k i tchen  grease 
f i l t e r  p r o t e c t i n g  t h e  duc t s  and a  good p r e f i l t e r  pro- 
t e c t i n g  t h e  hea t  recovery device should be s u f f i c i e n t  
f o r  exhaust  a i r  f i l t e r i n g .  

7 CONCLUSIONS 

7.1 The advantages of t h e  v e n t i l a t i o n  hea t ing  system 

The v e n t i l a t i o n  hea t ing  system has severa l  p r o p e r i t e s  
t h a t  can be achieved only  when t h e  hea t ing  e f f e c t s  
needed by both hea t ing  and v e n t i l a t i o n  a r e  completely 
a d j u s t a b l e  on a  room by room b a s i s .  Then t h e  f a c t o r s  
in f luenc ing  room c l ima te  can be con t ro l l ed  with only 
one system. 

The s p e c i a l  advantages of v e n t i l a t i o n  hea t ing  systems 
a r e  : 

- The v e n t i l a t i o n  hea t ing  system has s u f f i c i e n t  sound 
i n s u l a t i o n  and sound a t t e n u a t i o n  due t o  t h e  s t r u c t u r e  
of t h e  c e n t r a l  u n i t  and r i g h t  s e l e c t i o n  of a i r  t e r -  
minal devices .  



- The exhaust a i r  flows a r e  c o n t r o l l e d  by t h e  inhab- 
i t a n t  according t o  h i s  l o c a l  and temporal needs. 

- The p ressure  r a t i o s  of t h e  bui ld ing ,  and t h e  outdoor 
and exhaust  a i r  f lows, a r e  under c o n t r o l  i n  t h e  d i f -  
f e r e n t  fan  opera t ion  condi t ions .  

- Each room can be both heated and cooled. 

- The temperature of each room can be c o n t r o l l e d  with 
one a d j u s t i n g  knob according t o  t h e  needs of t h e  in-  
h a b i t a n t .  

- The room-based a i r  f lows do no t  have t o  be c o n t r o l l e d  
accura te ly  according t o  t h e  hea t ing  need. 

- The hea t ing  system i s  s u i t a b l e  both f o r  a  high and 
low temperature system. 

- The hea t ing  system i s  s u i t a b l e  f o r  a  so-cal led mixed 
system (it i s  not  p r o f i t a b l e  t o  h e a t  a l l  t h e  rooms 
with a i r )  . 

- The hea t ing  system i s  s u i t a b l e  f o r  upper-d is t r ibut ion  
(blowing of warm a i r  from t h e  wal l  o r  c e i l i n g ) .  

- The supply a i r  ducts  need not  be thermally insu la ted .  

- The a i r  f i l t e r s  can be s e l e c t e d  according t o  need. 

7 - 2  Needs f o r  f u r t h e r  development 

Several  needs f o r  development of s i n g l e  devices  have 
emerged dur ing  t h e  development of t h e  v e n t i l a t i o n  
hea t ing  system. The small  a i r  hea t ing  c o i l s  wi th  room 
thermosta ts  and s u i t a b l e  flow r a t i o  r egu la to r  f o r  out-  
door and exhaust  a i r  f lows needed are not  on sale. The 
c o s t  of t h e  pro to types  developed have, however, been 
small ,  Figure 6 / 6 / .  The indus t ry  shou1.d develop, f o r  
ins tance ,  t h e  following s u f f i c i e n t l y  cheap components 
s u i t a b l e  f o r  t h e  v e n t i l a t i o n  hea t ing  system: 

- flow r a t i o  r egu la to r  of outdoor and exhaust '  a i r  flows, 
- t i g h t  dampers f o r  a i r  flow, 
- small  a i r  h e a t e r s  f o r  each room, 
- s u f f i c i e n t l y  high p ressu re  and s i l e n t  a i r  t e rmina l  

devices ,  
- v i b r a t i o n  i s o l a t o r s  f o r  small  f ans .  

The development of v e n t i l a t i o n  hea t ing  system g ives  
bases  f o r  i n d u s t r i a l  product ion of a new generat ion of 
warm a i r  hea t ing  and v e n t i l a t i o n  systems. 



FREE ATMOSPH 

Figure 6. Flow r a t i o  r e g u l a t o r  of outdoor and exhaust 
a i r  flows i n  t h e  v e n t i l a t i o n  hea t ing  system, 
p r i n c i p l e  of se l f con ta ined  cascade c o n t r o l  
/6 / -  

The v e n t i l a t i o n  hea t ing  system p a r t i c u l a r l y  g ives  be t -  
t e r  changes t o  meet t h e  i n h a b i t a n t s '  expecta t ions  on 
t h e  hea t ing  and v e n t i l a t i o n  systems. 
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