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Synopsis: A balanced v e n t i l a t i o n  system w i t h  heat  re- 
covery was designed and i n s t a l l e d  i n t o  an 11 s t o r e y  
p r e f a b r i c a t e d  b l o c k b u i l d i n g .  M o n i t o r i n g  o f  t h e  system 
opera t i on  was accomplished d u r i n g  a year.  O p e r a t i o n a l  
c h a r a c t e r i s t i c s ,  q u a n t i f i e d  energy sav ing,  i n d o o r  c l i -  
mate parameters and the  e f f e c t  o f  occupants 'behaviour 
on those were determined and analysed. Temperature runs 
du r ing  du rab le  window opening and cooking per iods 
were moni tored and on t h e  b a s i s  o f  t he  r e s u l t s  compa- 
r i s o n  between the  new exper imenta l  and the  t r a d i t i o n a l  
re fe rence system was made. From t h e  p o i n t  o f  v iew o f  
e f f i c i e n t  v e n t i l a t i o n ,  p e r f e c t  e f f l u e n t  removal and 
energy sav ing  o p e r a t i o n  t h e  developed system proved t o  
be b e t t e r  than the  re fe rence one, 
The need f o r  t h e  more d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  
o c c u p a n t s ~ c t i v i t i e s  and t h e i r  i n f l u e n c e s  on t h e  i n -  
door a i r  q u a l i t y  has a l s o  a r i sen .  F i n a l l y  p roposa ls  f o r  
some m o d i f i c a t i o n s  and t h e  wide u t i l i z a t i o n  o f  t h e  
system were made. 

1. I n t r o d u c t i o n  : A f i ve-year  research and development 
p r o j e c t  was launched i n  1980 i n  Hungary, f inanced by 
the  M i n i s t r y  f o r  B u i l d i n g  and Urban Development, t o  
develop a new energy sav ing  v e n t i l a t i o n  system f o r  
m u l t i s t o r e y  b l o c k b u i l d i n g s ,  The p r e s e n t l y  w i d e l y  
used v e n t i l a t i o n  systems a re  o f  s u c t i o n  type,  out-  
l e t s  p o s i t i o n e d  i n  t h e  k i tchens,bathrooms and lava-  
t o r i e s  and f r e s h  a i r  supply  i s  r e a l i z e d  through 
the c racks  o f  t h e  windows. Due t o  the  o f f i c i a l  mea- 
sures t o  i n s t a l l  and use a i r t i g h t  windows f o r  t he  
sake o f  energy saving, problems w i t h  the  decreased 
v e n t i l a t i o n  r a t e  had a r i s e n ,  

The need f o r  a balanced v e n t i l a t i o n  o r i g i n a t e d  from 
t h i s  and bes ide the  demands o f  necessary and enough 
a i r  change r a t e ,  proper  f l ow  p a t t e r n s  i n s i d e  t h e  
f l a t  and low no ise  l e v e l ,  t he  system had t o  meet 
the  requi rements o f  t h e  energy sav ing opera t i on  as 
w e l l .  
The system had t o  conform t o  t h e  c h a r a c t e r i s t i c s  
o f  t h e  p r e f a b r i c a t e d  b u i l d i n g  technology. 
The f i ve-year  R and D a c t i v i t y  r e a l i z e d  through the 
f o l l o w i n g  s teps :  system a n a l y s i s ,  cho ice  o f  t h e  
most s u i t a b l e  one, d r a f t  then d e t a i l e d  des ign i n t o  
an exper imenta l  house / i n  t h a t  t ime  under const ruc-  
t i o n / ,  manufactur ing and i n s t a l l i n g ,  exper imenta l  
runn ing  and comprehensive mon i to r i ng  d u r i n g  a year, 
e v a l u a t i o n  o f  t h e  exper iments and proposa l  f o r  wide 
u t i l i z a t i o n ,  ~ e y o n d  t h e  system a n a l y s i s ,  i n d o o r  a i r  
q u a l i t y  measurements and the  examinat ion o f  t h e  ef-  
f e c t s  o f  s e v e r a l  occupants '  a c t i v i t i e s  were a l s o  
aimed, 



The exper imenta l  o b j e c t  was a s e c t i o n  o f  an 11 s to -  
r e y  b l o c k b u i l d i n g  made o f  p r e f a b r i c a t e d  wa l l -pane ls  
and o f  o t h e r  p r e f a b r i c a t e d  elements. The s e c t i o n  
cons is ted  o f  3 f l a t s  /see Fig.2./, Among t h e  33 
d w e l l i n g s  each v e n t i l a t e d  by the  system, 6 o f  them 
i n  3 s t o r e y s  were ins t rumented w i t h  sensors f o r  mea- 
surements, 

For  t h e  sake o f  comparison a ne ighbor ing  s i m i l a r  
s e c t i o n  o f  t he  b u i l d i n g  was a l s o  measured as  re fe -  
rence. I n  t h i s  s e c t i o n  the  t r a d i t i o n a l  suc t ion- type 
v e n t i l a t i o n  system was operated. 
The main u n i t  o f  t h e  exper imenta l  system was a r o o f -  
t o p  v e n t i l a t i o n  u n i t .  The Fig.1. shows t h e  p l a n  
v iew o f  t h e  r o o f  o f  t h e  sec t i on ,  t h e  v e n t i l a t i o n  
box and t h e  d i s t r i b u t i n g  duc t  network, The p ipes  
were connected t o  t h e  v e r t i c a l  duc ts  p laced i n  t h e  
v e n t i l a t i o n  s h a f t s .  

The Ffg,2. shows t h e  p l a n  v iews o f  t he  dwe l l i ngs ,  
t h e  d i s t r i b u t i n g  network f o r  f r e s h  a i r  supp ly  and 
t h e  exhausted a i r  o u t l e t s .  The f r e s h  heated a i r  was 
supp l i ed  i n t o  t h e  rooms above t h e  doors, through 
a d j u s t a b l e  i n l e t  g r i d s ,  
The s u c t i o n  o u t l e t s  f o r  exhaust ing were p laced i n  
t h e  k i t c h e n ,  bathroom and l a v a t o r y .  For t h e  sake o f  
p roper  i n s i d e  f l o w  p a t t e r n  t h e  i n n e r  doors were 
equipped w i t h  permeable opening-grids, 

I n  t h e  re fe rence s e c t i o n  t h e  suct ion- type v e n t i l a -  
t i o n  system was t h e  same as the  exhaust ing p a r t  o f  
t h e  exper imenta l  one.   he f r e s h  a i r  supply there, 
was prov ided through the  c racks  o f  t he  windows, The 
main undt  o f  t h e  exper imenta l  system cons fs ted  o f  
t h e  f o l l o w i n g  p a r t s :  2 fans, f r e s h  a i r  g r i d ,  f i l t e r ,  
a i r - t o - a i r  recupera t i ve  heat  exchanger f o r  recovery# 
re-heater b e t t e r y  supp l i ed  by t h e  warm water  d i s t -  
r i c t  h e a t i n g  system, s h u t t e r s  f o r  by-pass ou t  o f  
t h e  h e a t i n g  season, The v e n t i l a t i o n  systems operated 
con t inuous ly  th rough the  days w i thou t  i n t e r r u p t i o n ,  
The a i r  change r a t e  was about 0.6, t he  f r e s h  and 
exhausted a i r  volumes were balanced i n  about 100 
m3/h (sucked 40 m3/h from k i t c h e n  and bathroom, 
25 m3/h from lava to ry / ,  

The one-year runn ing  o f  t he  exper imenta l  and re fe -  
rence v e n t i l a t i o n  systews uvas monitored, The da ta  
a c q u i s i t i o n  system was automat ic  i n  o p e r a t i o n  and 
was c o n t r o l l e d  by a Hewlet t-Packard HP-85 desk-top 
microcomputer. 
 he temperature-, re1,humidi ty - and pressure  sen- 
s o r s  were connected through cab les  i n t o  a scanner 
c o n t r o l l e d  by t h e  HP-85. 



The c o l l e c t e d  data i n  every minute were temporar i ly  
s tored,  then hou r l y  averages were cons t i t u ted  and 
s tored onto the tape-cartr idge, La te r  the data were 
processed t o  the necessary f o r m  by a  s u i t a b l e  prog- 
ram. 

3, Resu l ts  

The measured r e s u l t s  were analysed and evaluated 
from th ree  aspects: 

- energet ic  eva luat ion,  - examination o f  indoor  a i r  q u a l i t y  produced by the 
v e n t i l a t i o n  system, - e f f e c t s  o f  the occupants' behaviours on indoor  
c l imate,  

Since the scope o f  t h i s  paper i s  intended t o  focus 
on the t h i r d  k i n d  o f  eva lua t ion  the  r e s u l t s  o f  the 
prev ious ones a re  presented on ly  i n  a  few words. 

From the energet ic  eva lua t ion  the  experimental  ba- 
lanced v e n t i l a t i o n  system proved t o  be an energy 
saving one compared t o  the reference. The measured 
recovered amount o f  energy was 90 G J  /Giga-3oule/ 
per  a  heat ing per iod /180 days i n  Hungary/, 

 he average indoor temperatures i n  the  dwe l l i ngs  
were i n  the range of  19-25 cent igrade . Unfortuna- 
t e l y  - due t o  the badly adjusted c e n t r a l  heat ing 
system - temperature grad ient  o f  5-6 cent igrade 
through the 11 storeys was found. The i n s i d e  re la -  
t i v e  humid i ty  was measured between 35-60 percent,  

~ e y o n d  the measurement o f  the temperature and r e l ,  
humld i ty  the e f f e c t  o f  the a i r  j e t  blowing from the 
f resh a i r  i n l e t s  was a l s o  examined, The a i r  j e t s  
coming from the i n l e t s  pos i t i oned  above the doors 
d i d  not  cause unpleasant draught f ee l i ng  i n  the oc- 
cupat ion zone. The v e l o c i t i e s  measured w i t h i n  the 
Je t  decreased below 0.3 m/s w i t h i n  O e 8  m /d is tance 
from the i n l e t / ,  i.e. j e t s  decayed rap id l y ,  

To examine the i n f l uence  o f  the occupan ts9ehav io -  
u r  on the indoor  a i r  q u a l i t y  some de l i be ra te  t e s t s  
were accomplished, Two k inds  o f  a c t i v i t y  were ana- 
lysed : 

- the i n f l u e n c e  o f  the durable window opening on 
indoor  temperature run, - the e f f e c t  o f  the cooking on the indoor a i r ,  

3.1 The e f f e c t  o f  window opening 

Fig.3, shows an example t o  the r e s u l t s ,  where main 
c h a r a c t e r i s t i c  temperature-runs a re  co l lec ted,  I n  
t h i s  case no window opening oecured through the day, 



The upper curve shows the change o f  the warm water 
temperature going t o  the r a d i a t o r s  /primary temp,/. 
The c o n t r o l  i s  weather and i n s i d e  temperature depen- 
dent and f o r  the sake o f  energy-saving i n  n i g h t  pe- 
r i o d  /from 10 p.m. t i l l  4. a.m./ the system, opera- 
t e s  w i t h  decreased temperature: about 40-45 cen t i -  
grade , The lower curve shows the outdoor tempera- 
t u r e  run, 
The curves i n  the middle show the averaged indoor 
room temperatures i n  the s ta i rcase,  i n  the f l a t s  i n  
l s t ,  5 t h  and l l t h  s toreys respect ive ly ,  The aim o f  
the t e s t s  was to.determine the  changes i n  room tem- 
pera t u r e  runs caused by de l i be ra te  durable window 
openings, 

Fig.4. shows an example, One o f  the windows o f  the 
two rooms o f  dwe l l i ngs  i n  the l l t h  and 1 s t  s toreys 
was open through 1 and 2  hours respect ive ly .  Due t o  
the very i n t e n s i v e  a i r  change - though the case- 
ments o f  the windows were on l y  p a r t i a l l y  opened, and 
the  curves represent the average room temperature o f  
the  two roomscomaunicating each o ther  through open 
doors o r  permeable openings - remarkable drop /3-6 
cent igrades/ i n  the temperatures could be observed, 

Decreasing o f  the opened area o f  the window 
t o  h a l f  o f  the prev ious s e t t i n g  and on the cont- 
r a r y  inc reas ing  the du ra t i on  o f  the open s t a t u s  
/ 5  hours/, the obta ined r e s u l t s  could be seen i n  
Fig.5. / reference house, f l a t  i n  the 1s t  storey/, 
Temperature drop i s  smal ler  but  long- las t ing  compa- 
red t o  the prev ious t es t ,  

The same opening t e s t  was c a r r i e d  out i n  one o f  the  
f l a t s i n  the 1s t  s to rey  o f  the experimental  b u i l d i n g  
as we l l ,  
The r e s u l t  i s  presented i n  Fig.6. 
The temperature run and the t r a n s i t i o n s  a re  smoother 
compared t o  the reference. 

3.2 The e f f e c t  o f  cooking 

As can be seen from the Fig.2. the dwe l l i ngs  have 
r e l a t i v e  smal l  k i thens.  The cooking process f o r  4  
persons - which i s  the average i nhab i t an t  number - 
can produce l a r g e  amount o f  heat,  unpleasant vapours 
and odours, 
For the e l i m i n a t i o n  o f  these v e n t i l a t i o n  o u t l e t s  
/ad jus tab le  valves/ were i n s t a l l e d  above the cooking 
stoves. Exhaust hoods above the stoves were not  
used /unfor tunate ly / .  

To ob ta in  sharp d i f  ferences i n  the resu l t s ,  S9rtur- 
days and Sundays were selected f o r  the t e s t s ,  be- 
cause u s u a l l y  i n  wsek-ends the f am i l i es  a re  a t  home 
and the cooking a c t i v i t i e s  a re  a l so  l a rge r ,  



The observed per iod  was extendec! from8 a.m. t i l l  4,pm 
and indoor  k i t chen  temperature was monitored, 

The peak temperature r a i s e  - overheat ing temperatu- 
r e  d i f f e r e n c e  - and the  decreasing lapse-rate were 
watched, Comparisons between the two v e n t i l a t i o n  
systemswere made, 
Some r e s u l t s  are  shown i n  f i gu res  7-9, The three 
curves present the k i t chen  temperature run f o r  the 
experiment , the reference b u i l d i n g  and the  out- 
door temperature respect ive ly ,  

4,  Conclusions and proposals 

The main goa l  o f  the presented i n v e s t i g a t i o n  work 
was t o  examine a newly developed balanced v e n t i l a -  
t i o n  system - w i t h  comparison t o  a reference - and 
evaluate i t  " performance, operat ion and e f  f i c i -  
ency, However being a w e l l  equipped experimental  
s i t e  f o r  comprehensive moni tor ing,  there were possi- 
b i l i t i e s  t o  examine o ther  problems, as w e l l  as the 
consequences o f  severa l  o c c u p a n t s ' a c t i v i t i e s ,  mea- 
surement o f  indoor f l ow pa t t e rns  etc.  

Since the whole moni tor ing system was i n s t a l l e d  
p r i m a r i l y  f o r  the measurement o f  opera t iona l  and 
energet ic  parameters, the re fo re  more d e t a i l e d  i n -  
v e s t i g a t i o n  o f  o ther  phenomena was s l i g h t l y  l i m i t e d ,  
For example: f o r  the examination o f  the consequences 
o f  window opening and cooking processes more f re-  
quent sampl i ng  - say i n  every 15 minutes - would 
have been needed. 

For the more d e t a i l e d  study o f  the two selected ac- 
t i v i t i e s  the  more exact f i x i n g  o f  the severa l  i n f l u -  
encing parameters would have been a l so  accomplished 
e,g, circumstances o f  the  cooking: dura t ion,  in ten-  
s i t y  and d e t a i l e d  program o f  cooking process, more 
p rec ise  f o l l o w  up o f  t he  decay o f  the excess heat 
and contaminat ion e tc ,  
However the measurements c a r r i e d  out produced valu- 
ab le  i n fo rma t i on  on the  basic consequences o f  the 
examined a c t i v i t i e s ,  

Furthermore sub jec t i ve  t e s t s  were a l so  made, Some 
occupants -re asked about the v e n t i l a t i o n  e f f i c i -  
ency a f t e r  cooking and op in ions were c o l l e c t e d  and 
evaluated, The r e s u l t s  of  the presented measure- 
ments and the  responses of the occupants proved the 
new balanced v e n t i l a t i o n  system more e f f i c i e n t  and 
per fec t  compared t o  the reference one, 

According t o  the r e s u l t s  o f  the comprehensive exa- 
minat ions t he  wide-spread u t i l i z a t i o n  o f  the  new 
system was proposed and the preparat ion f o r  t h i s  
has been launched, 



The need for the further more detailed investiga- 
tion of the occupants' activities and their influ- 
ences on the indoor air quality was also noted, 
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The effect of cooking process 
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