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Synopsis 

By measuring t he  performance of ven t i l a t ion  systems i n  exis t ing 
buildings we can discover systems not working properly. The gained 
experience from f i e l d  t r i a l s  gives us ins igh t  i n to  how d i f fe ren t  
systems work. This can help us avoiding t o  i n s t a l l  bad systems i n  
newly b u i l t  houses. 

Results from th r ee  case-studies regarding t h e  vent i la t ion 
eff ic iency a i r  reported? In  one of the  cases it was possible t o  
simulate th ree  d i f fe ren t  posi t ions  of the  supply reg i s te r .  In  
another case t h e  supply a i r  temperature w a s  varied. The importance 
of both t he  locat ion of t he  supply r eg i s t e r  and the  supply a i r  
temperature a r e  demonstrated. 



INTRODUCTION 

Today t h e  designer of a  v e n t i l a t i o n  system must take  i n t o  
considerat ion t h e  cost  of excessive v e n t i l a t i o n  r a t e s .  Lower 
v e n t i l a t i o n  r a t e s  imply t h a t  t h e  designer a l s o  must be aware of 
thesupplied a l r  f o r  t h e  removal of pol lu t ion.  Ef f i c ien t  u t i l i z a t i o n  
of t h e  a i r  means a  high v e n t i l a t i o n  ef f ic iency.  With t h e  today's  
measurement technique it i s  poss ib le  t o  study how t h e  a i r  i s  
spread within a  room. 

The purpose of t h i s  paper i s  t o  repor t  r e s u l t s  from f i e l d  t r i a l s  
of t h e  performance of various mechanical v e n t i l a t i o n  systems. 
The measurements have been c a r r i e d  out i n  buildings b u i l t  
during t h e  seventies.  A l l  bui ld ings  were equipped with mechanical 
supply and e x t r a c t  systems. 

In  one of t h e  t e s t s  it was poss ib le  t o  change t h e  pos i t ion  of t h e  
supply r e g i s t e r  and i n  another t e s t  t h e  supply a i r  temperature 
was var ied .  A l l  t e s t s  were c a r r i e d  out with t h e  rooms i n  t h e i r  
normal use and with the  doors between t h e  rooms closed. 

MEASUREMENT TECHNIQUE 

The t e s t s  were ca r r i ed  out by adoption t r a c e r  gas technique. A 
burs t  of gas ( ~ 2 0 )  was admitted t o  t h e  room and with t h e  a i d  of 
mixing fans  t h e  gas was mixed t o  a  uniform i n i t i a l  concentration 
C o .  Then t h e  f a n s  were turned off  and t h e  decay of t h e  
concentration was recorded a t  severa l  points .  

The l o c a l  v e n t i l a t i o n  r a t e  (LVRT) a t  an a r b i t r a r y  point  j was 
ca lcu la ted  a s  : 

when 

Co = I n i t i a l  concentration 

A .  = Total  a rea  under t h e  curve 
J 

The t o t a l  a rea  was ca lcula ted  a s  (see  f igures  1 and 2)  

A-co = measured area  

C.ro = Final  ccncentrat ion 

X = Slope of I n  concentration curve i n t h e  exponential decay region,  
see  f igure  2. 



CONCENTRATION 

To 

Figure 1.  Concentration versus time 

Figure 2. Concentration versus time i n  a l inear/ logari thmic 
diagram 

The nominal ven t i l a t ion  r a t e ,  defined a s  the  t o t a l  outdoor a i r  
entry i n t o  t he  room directed by t he  volume of the  room, was 
measured i n  exact ly  the  same manners a s  described above, except 
t h a t  t he  mixing fans now were i n  operation t he  whole time. 

The ven t i l a t ion  eff ic iency,  E j  9 a t  a i r  a r b i t r a r : ~  point j i s  
defined as 

n i s  the  nominal ven t i l a t ion  r a t e .  



3.  RESULTS 

Venti lat ion e f f i c iency  a s  a function of t h e  locat ion of t h e  
supply r e g i s t e r  

The room i s  shown i n  f i g u r e  3 and t h e  air  i s  normally supplied 
i n t o  t h e  room a t  two points .  Above t h e  door the re  is an ordinary 
supply r e g i s t e r  and under t h e  door t h e r e  is a s l o t  where air 
a l s o  en te r s .  

The e f f i c iency  has been measured i n  four  points ,  see f i g u r e  3. 
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Figure 3. Test room with measurement points  



Beside t h e  normal operat ional  made two other  cases have been 
simulated. The supply r e g i s t e r  above t h e  door and t h e  s l o t  under 
the  door have a l t e r n a t i v e l y  been taped. The cases a r e  

Case a: A i r  supplied only through t h e  r e g i s t e r  above t h e  door. 

Case b: A i r  supplied both through t h e  r e g i s t e r  and t h e  s l o t  
under t h e  door. 

Case c :  A i r  supplied only through the  s l o t  under the  door. 

The measurements were c a r r i e d  out under isothermal conditions. 
Obtained r e s u l t s  a r e  shown i n  diagram 1 below. 
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Diagram 1. Venti lat ion ef f ic iency i n  t h r e e  cases 

From t h e  r e s u l t s  i n  diagram 1 we can conclude. 

Case a )  which i s  t h e  most common placing of r e g i s t e r s ,  gives a 
mean v e n t i l a t i o n  ef f ic iency (79 %) which i s  l e s s  than t h e  nominal 
ven t i l a t ions  ef f ic iency (100 5 ) .  This can be ascribed t o  a short- 
c i r c u i t i n g  e f f e c t .  

Case b )  gives a sa t i s fac to ry  mean v e n t i l a t i o n  ef f ic iency (124 %) .  

Case c )  gives t h e  highest  ven t i l a t ion  ef f ic iency (mean 127 %) of 
a l l  t h e  cases. 



By comparing t h e  cases we can conclude t h a t  t he  simplest 
arrangement, a s l o t  under t he  door, gives t h e  highest ef f ic iency.  
Therefore the  cost  f o r  both r eg i s t e r s  and labour could have been 
saved i n  t h i s  pa r t i cu l a r  case. 

Venti lat ion eff ic iency a s  function of supply a i r  temperature 

Figure 4 shows t he  t e s t  room i n  t h i s  case. The room is  a hosp i ta l  
ward room. Both supply and ex t rac t  r eg i s t e r s  a r e  located i n  the  
cei l ing.  The supply a i r  i s  blown hor izonta l ly  against  t h e  centre  
of the  room. The room i s  heated with panel rad ia to rs  located under 
the  windows. 

The t e s t s  were ca r r i ed  out with temperature difference between 
supplg a i r  and t he  mean room temperature of -1.80C (case  d )  and 

+3.0 C (case  e )  respectively.  In  the  l a t e r  case the  r ad i a to r  
heating was on. 
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Figure 4. Test room with measurement points  



The obtained r e s u l t s  appear i n  diagram 2 below. 

When undertemperature occurs t h e  r e s u l t  i s  according t o  what one 
should expect. Case e shows t h a t  t he  a i r  motion cauted by t he  
radia tors  i s  not suf f ic ien t  t o  prevent the  short-circuit ing e f fec t  
due t o  t he  higher supply a i r  temperature. 
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Diagram 2. Ventilation eff ic iency i n  two cases 



3.3 A case with t he  supply and ex t rac t  r eg i s t e r s  placed on t h e  same 
wall 

The room i s  shown i n  f igure  5. The room i s  heated with panel 
rad ia to rs  under t h e  windows and the  r eg i s t e r s  are  placed on t he  
opposite wall. 

The measurements were made a t  isothermal conditions (no heating on).  
The r e s u l t s ,  a l s o  presented i n  f igure  5 ,  show t h a t  we i n  t h i s  
case achieve a very uniform ven t i l a t ion  efficiency.  

NOMINAL VENTILATION RATE =I .?  ACH 

Figure 5. Test room with measurement points and ven t i l a t ion  
efficiency r e s u l t s  



Conclusions 

The findings show t h a t  with regard t o  t he  ven t i l a t ion  efficiency: 

a )  The locat ion of the  r eg i s t e r s  a r e  important even a t  isothermal 
conditions. 

b )  A i r  motions cauted by rad ia to rs  do not always prevent short- 
c i r cu i t i ng  e f f ec t s  due t o  a higher supply air temperature. 
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