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ABSTRACT 

The v e n t i l a t i o n  and leakage c h a r a c t e r i s t i c s  of suspended f l o o r s  a r e  
not w e l l  documented. A s  pa r t  of a l a r g e r  s tudy of a i r  flows i n  
housing, t h e  a i r  flow through a suspended f l o o r  has been inves t iga ted  
under a number of condit ions and methods of ven t i l a t ion .  

The leakage of the  suspended f l o o r  and t h e  space beneath it has been 
measured and i s  compared with the  house leakage. 

The i n f i l t r a t i o n  t o  t h e  underfloor space and a l s o  t h e  i n f i l t r a t i o n  t o  
t h e  house from t h e  underfloor space through the  suspended f l o o r  i s  
inves t iga ted  with na tu ra l  v e n t i l a t i o n  and a l s o  with d i f f e r e n t  modes of 
mechanical ven t i l a t ion .  

The leakage of the  underfloor space was varied t o  assess  its inf luence  
on t h e  v e n t i l a t i o n  c h a r a c t e r i s t i c s  of the  suspended f l o o r  and hence on 
t h e  a i r  q u a l i t y  i n  the  house. 

The r e s u l t s  could a l s o  be of use i n  t h e  inves t iga t ion  of i n f i l t r a t i o n  
of radon i n t o  dwellings with suspended f loors .  

1. INTRODUCTION 

The importance of the  influence of v e n t i l a t i o n  on energy conservation, 
sa fe ty ,  indoor a i r  qua l i ty ,  thermal comfort and heat ing system design, 
is  wel l  known. 

For example, reduced v e n t i l a t i o n  can have an adverse e f f e c t  on indoor 
a i r  q u a l i t y  [ I ] ,  pro tec t ive  pressure  techniques can exclude a i rborne  
po l lu tan t s  [2 ] ,  and the re  is  a l s o  i n t e r e s t  i n  the  ingress  of 
po l lu tan t s  i n t o  a dwelling [3]. 

However, very l i t t l e  is known about leakage and v e n t i l a t i o n  of one 
important house component, the  underf loor  space and i t s  influence on 
t h e  whole house ven t i l a t ion .  

The Watson House Research S t a t i o n  of B r i t i s h  Gas p l c  h a s  
developed methods t o  measure t h e  leakage [4]  and v e n t i l a t i o n  
c h a r a c t e r i s t i c s  [ 5 ]  of houses.  The B r i t i s h  Gas v e n t i l a t i o n  
measurement system, Autovent, was adapted t o  measure house, underfloor 
and through-floor v e n t i l a t i o n  r a t e s  simultaneously. 



The work was undertaken f o r  two reasons. F i r s t l y ,  more knowledge 
about  unde r f loo r  v e n t i l a t i o n  was needed t o  assist i n  t h e  v e r i f i c a t i o n  
of mathematical models of whole-house v e n t i l a t i o n .  Secondly, d a t a  
was requi red  g iv ing  t h e  r e l a t i v e  p ropor t ions  of house i n f i l t r a t i o n  
from beneath a  suspended f l o o r  due t o  s t a c k  and wind e f f e c t s  and t h e  
in f luence  of d i f f e r e n t  forms of mechanical v e n t i l a t i o n .  However, t h e  
d a t a  could a l s o  be of i n t e r e s t  t o  t hose  i n v e s t i g a t i n g  t h e  i n g r e s s  of 
p o l l u t a n t s  i n t o  houses. 

2. THE TEST FACILITY 

The work desc r ibed  i n  t h i s  r epo r t  was c a r r i e d  ou t  i n  t h e  test house a  
view of which is shown i n  F igure  1. This  detached house, which 
measures 9 x 6 ~ 5  metres  con ta ins  n ine  rooms, f o u r  of which a r e  bedrooms 
a s  shown i n  t h e  p l a n  of t h e  house i n  F igure  2. 

The cons t ruc t ion  is  of b r i ck  and i s  p a r t  s o l i d ,  p a r t  c a v i t y  w a l l .  The 
ground f l o o r  i s  suspended and t h e  house is w e l l  carpe ted  throughout.  
The house is equipped wi th  a wet c e n t r a l  h e a t i n g  system and a warm a i r  
system. 

The Watson House Autovent [5]  was i n s t a l l e d  i n  t h e  d i n i n g  room and 
was used t o  measure house v e n t i l a t i o n  r a t e s  and determine f lows  a c r o s s  
t h e  suspended ground f l o o r .  

2.1 The unde r f loo r  space 

The under f loor  space ,  shown schemat ica l ly  i n  F igure  3, covers  a t o t a l  
a r e a  of 54m2. I t s  he ight  is 0.94 metres  t o  t h e  j o i s t s  and 1.1 metres  
t o  t h e  suspended f l o o r .  

The f l o o r  of t h e  space is conc re t e  and t h e  surrounding w a l l s  a r e  
unplas te red  conc re t e  block. There is a n  i r r e g u l a r l y  shaped p a r t i t i o n  
w a l l  d iv id ing  t h e  space i n t o  two unequal volumes. This  w a l l ,  which i s  
a l s o  b u i l t  of concre te  block, has holes  i n  i t  a t  r e g u l a r  i n t e r v a l s ,  
which al lows a i r  movement between t h e  two s e c t i o n s .  

The under f loor  space  is v e n t i l a t e d  by seven c i r c u l a r  duc ts ,  each of 
which is 0.15 metres  i n  diameter.  There are f o u r  duc t s  i n  t h e  west 
wa l l  and t h r e e  i n  t h e  e a s t  wal l .  Apart from t h e s e  duc ts ,  t h e r e  a r e  no 
obvious v e n t i l a t i o n  pathways i n  t h e  surrounding w a l l s  which a r e  i n  
good cond i t i on  wi th  sound cement work. S imi l a r ly ,  v i s u a l  i n s p e c t i o n  
of t h e  suspended f l o o r  from underneath shows it t o  be a l s o  i n  sound 
condi t ion  wi th  no obvious leakage paths .  

Access t o  t h e  space  is v i a  a  t rapdoor  s i t u a t e d  i n  t h e  h a l l  f l o o r .  

3. EXPERIMENTAL METHOD 

3.1 Leakage Measurements 

Two Watson House leakage t e s t e r s ,  s e e  F igure  4, were pos i t i oned  i n  t h e  
h a l l  and were connected t o  t h e  underf l o o r  space  by a  l eak - t igh t  seal 
i n  t h e  t rapdoor.  

The leakage of t h e  under f loor  space was va r i ed  by p rog res s ive  s e a l i n g  
of t h e  seven vents .  I n  t h i s  way, a  series of e i g h t  s e t s  of leakage 
measurements was made; t h e  f i r s t  wi th  none of t he  vents  sea led .  Each 
success ive  set of measurements involved t h e  s e a l i n g  of an  e x t r a  ven t ,  
u n t i l  a l l  seven vents  were sea led .  



Figure 5  shows how, f o r  each s t age  of sea l ing ,  the  leakage Q(m3/s) 
v a r i e s  wi th  the  s t a t i c  pressure  d i f fe rence  A P(Pa) between the  
underfloor a r e a  and t h e  house. 

The r e l a t i o n s h i p  between Q and A P  is  given by:- 

The curves i n  the  graph have been f i t t e d  t o  the  data,  using a  
s t a t i s t i c a l  quadra t i c  curve f i t  [ 6 ] .  

The c o e f f i c i e n t s  of the  curve f i t s  and 950 t h e  leakage a t  a  p ressu re  
d i f fe rence  of 50Pa are shown i n  Table 1, which a l s o  shows the  same 
information f o r  t h e  house leakage. Inspect ion  of these  values of 450 
shows t h a t  each vent con t r ibu tes  a  s i m i l a r  amount of leakage and t h a t  
UF1, the  leakage across  the  suspended f l o o r ,  is roughly equal  t o  the  
a d d i t i o n a l  leakage contr ibuted by t h e  seven vents  (UF8 - UFl). 

From Table 1 it is i n t e r e s t i n g  t o  note  t h a t  the  450 f o r  t h e  t o t a l  
underfloor leakage with a l l  t h e  vents  unsealed and t h e  house have 
s i m i l a r  values of 1.03 and 1. 13m3/s respect ive ly .  

3.2 Ven t i l a t ion  Measurements 

The Autovent, shown i n  Figure 6, was used i n  i t s  dual t r a c e r  gas mode. 
N20 was used a s  the  primary gas,  with which v e n t i l a t i o n  r a t e s  were 
measured us ing  the  constant  concentra t ion  technique. The secondary 
gas, SF6, was  continuously i n j e c t e d  i n  t h e  underfloor space and was 
used t o  determine t h e  f r a c t i o n  of v e n t i l a t i o n  a i r  en te r ing  t h e  house 
through the  ground f l o o r .  

A s  mentioned, the  underfloor space shown schematical ly i n  Figure 3, is  
divided i n t o  two unequal volumes by t h e  p a r t i t i o n  wall .  One s e c t i o n  
(UHAL) l i e s  beneath the  k i t c h e n l h a l l  a rea ,  the  o ther  s e c t i o n  (UDIN) . i s  
beneath t h e  lounge/dining room area. An i n j e c t i o n  l i n e  was i n s t a l l e d  
i n  each s e c t i o n  i n  an asymmetric manner i n  the  NE and SW corners.  
Each i n j e c t i o n  l i n e  was connected t o  a  desk f a n  which ensured adequate 
mixing i n  t h e  sec t ions .  

An a d d i t i o n a l  i n j e c t i o n  l i n e  was i n s t a l l e d  i n  the  U D I N  sec t ion ,  . 
through which the  second t r a c e r  gas was in jec ted  a t  a constant  r a t e .  
The r e s u l t a n t  gas concentrat ions were monitored i n  both U D I N  and UHAL, 
and the  two values were found t o  be very s imi la r ,  thus showing t h a t  
the re  was good mixing i n  the  underfloor space. 

The i n i t i a l  t e s t s  inves t iga ted  how the  a i r  flow through the  suspended 
f l o o r  was a f fec ted  by na tu ra l  and mechanical ven t i l a t ion ,  house 
p r e s s u r i s a t i o n  and depressur isa t ion ,  wind speed, s t ack  e f f e c t  and 
d i f f e r e n t  degrees of underfloor leakage. There a r e  i n e v i t a b l e  gaps i n  
t h e  measurements caused by t h e  u n p r e d i c t a b i l i t y  of w e a t h e r  
condit ions.  

House p r e s s u r i s a t i o n  was provided by an a i r  supply un i t  s i t u a t e d  i n  
the  c e i l i n g  of the  landing. The u n i t  provided up t o  200m3/h of a i r .  
Depressur isa t ion  was provided by an e x t r a c t  u n i t  (0.25 metres 
diameter, 300m3/h) s i t u a t e d  i n  a  window i n  the  kitchen. The r e s u l t s  
of the  tests a r e  shown i n  Table 2. 



I n  order t o  i s o l a t e  the  e f f e c t  of a  p a r t i c u l a r  parameter, the  d a t a  has 
been se lec ted  f o r  consistency of wind speedldi rec t ion and s t ack  
e f f e c t  . 
From ana lys i s  of the  d a t a  t h e  r a t i o  R, has been obtained. R is  t h e  
r a t i o  of the  flow of a i r  en te r ing  the  house through t h e  suspended 
f l o o r  t o  t h e  t o t a l  a i r f low leaving t h e  house and i t s  der ivat ion,  i n  
d e t a i l ,  is shown i n  Figure 7. 

4. RESULTS 

4.1 Vent i la t ion  Results  

An example of how s tack and wind speed a f f e c t  v e n t i l a t i o n  r a t e  i n  t h e  
house and t h e  underfloor space is shown i n  Table 3. The e f f e c t  of 
doubling t h e  s t a c k  while keeping wind speed/di rec t ion approximately 
constant,  is t o  increase  the  house v e n t i l a t i o n  r a t e  by a f a c t o r  of 1.5 
and t o  double t h e  underf loor  v e n t i l a t i o n  rate.  

The e f f e c t  of doubling t h e  wind speed while keeping t h e  wind d i r e c t i o n  
and s t ack  approximately constant ,  is t o  increase  the  house v e n t i l a t i o n  
r a t e  by a f a c t o r  of 1.6 and t h e  underfloor v e n t i l a t i o n  r a t e  by a 
f a c t o r  of 1.4. 

4.2 Natural Ven t i l a t ion  and Pressur i sa t ion  

For na tu ra l  v e n t i l a t i o n ,  Table 2 shows t h a t  under t h e  p reva i l ing  
weather condit ions with seven underfloor vents  unsealed, t h e  t o t a l  
v e n t i l a t i o n  r a t e  of the  house is 0.19 a i r  changes per hour, 60% of 
t h i s  en te r ing  v i a  the  underfloor space. When t h e  underfloor vents  a r e  
sea led ,  the  reduction i n  a i r  change r a t e  is r e l a t i v e l y  small, from 
0.19 t o  0.15, but the  percentage of a i r  en te r ing  t h e  house from t h e  
underfloor space reduces s i g n i f i c a n t l y  t o  only 18%. However, it  was 
not poss ib le  t o  obta in  a matched p a i r  of r e s u l t s  and t h e  wind speed 
and temperature f o r  t h e  sea led  vent test were lower than desired.  

When the  house is pressurised under s i m i l a r  weather condit ions,  t h e  
increased house v e n t i l a t i o n  r a t e  is roughly the  same a t  1.08 and 0.99 
a i r  changes per  hour, with the  underfloor vents  unsealed and sea led  
respectively.  The proport ion of the  v e n t i l a t i o n  a i r  en te r ing  the  
house from t h e  underfloor space is reduced from 60% t o  37% with the  
underfloor vents  unsealed and from 18% t o  2.7% with t h e  underfloor 
vents  sealed,  v i r t u a l l y  e l iminat ing any i n f i l t r a t i o n  through the  
suspended f loor .  

Under these  condit ions,  and f o r  na tu ra l  and pressur ised  house 
v e n t i l a t i o n  respect ively ,  the  v e n t i l a t i o n  rates of the  underf loor  
space were 95m3/h and 112m3/h with the  vents  unsealed, reducing t o  
41m3/h and 22m3/h with the  underf loor  vents sealed. 



4.3 Natural Vent i la t ion  and Depressurisation. 

Using a k i t chen  ex t rac t  fan  t o  depressur ise  the  house resu l t ed  i n  an  
increase  i n  house v e n t i l a t i o n  r a t e  from 0.56 t o  3.5 a i r  changes per 
hour. The f low r a t e  through the  suspended f l o o r  decreased from 75% t o  
52% of the house ven t i l a t ion .  When the  underfloor vents  were sealed ,  
t h e  house v e n t i l a t i o n  r a t e  increased t o  3.8 air  changes per  hour. 
Some of the  v a r i a t i o n  was due t o  a l a r g e r  contr ibut ion by s t ack  driven 
ven t i l a t ion ,  although the  wind speed was lower, but the  proport ion 
en te r ing  through the  suspended f l o o r  reduced t o  15%. The underfloor 
v e n t i l a t i o n  r a t e s  a f t e r  house depressur i sa t ion  and underf loor  vent 
s e a l i n g  changed from 263m3/h t o  136m3/h during t h e  test. 

I n  t h i s  set of measurements, an in termedia te  s e a l i n g  s t a g e  w a s  
measured wi th  r e s u l t s  i n  between the  extremes presented i n  Table 2. 
With four ven t s  unsealed, the  depressur ised  house v e n t i l a t i o n  rate was 
3.3 a i r  changes per hour, 44% of which entered from the  underfloor 
space. 

4.4 Natural and Mechanical Venti lat ion.  

The f i n a l  r e s u l t s  i n  Table 2 show t h e  inf luence  of a balanced 
mechanical v e n t i l a t i o n  system. With no mechanical v e n t i l a t i o n ,  and a 
house airchange r a t e  of 0.76, 0.5 a i r  changes (65%) i n f i l t r a t e s  
through the  suspended f loor .  When the  balanced mechanical v e n t i l a t i o n  
system is switched on, t h e  t o t a l  a i r  change r a t e  increases t o  1.76, 
0.86 a i r  changes (49%) coming through the  suspended f loor .  

5. DISCUSSION 

The r e s u l t s  support t h e  expected behaviour of the  v e n t i l a t i o n  
performance of the  suspended f l o o r ,  but they a l s o  demonstrate some 
i n t e r e s t i n g  i n t e r r e l a t i o n s h i p s  between t h e  v e n t i l a t i o n  c h a r a c t e r i s t i c s  
of the  house and i ts  underfloor space. 

A i r  i n f i l t r a t i o n  through t h e  suspended f l o o r  provided on average, 
two-thirds of the  house n a t u r a l  v e n t i l a t i o n ,  when t h e  underfloor vents  
were unsealed. A l l  t h e  forms of mechanical v e n t i l a t i o n  used decreased 
t h e  propor t ion of v e n t i l a t i o n  en te r ing  t h e  house through the  suspended 
f l o o r  while increas ing t h e  t o t a l  house v e n t i l a t i o n  ra te .  I n  every 
case, however, the  volume of a i r  e n t e r i n g  t h e  house from the  
underfloor space increased. 

House p ressur i sa t ion  and depressur isa t ion increased by a f a c t o r  of 4 
t h e  volume a i r  flow en te r ing  the  house through the  f l o o r ,  while t h e  
house a i r  change r a t e s  increased by a f a c t o r  of 6. Thus, t h e  
proportion of a i r  enter ing t h e  house through the  suspended f l o o r  
decreased. 

Balanced mechanical v e n t i l a t i o n  had less impact, a s  would be expected. 
The flow through the f l o o r  increased by a f a c t o r  of 1.7, while the  
house v e n t i l a t i o n  increased by a f a c t o r  of 2.3. Whereas some of t h e  
increased a i r  flow from the  underfloor space is  probably due t o  an  
increased s t a c k  e f f e c t  a t  the  time of measurement, not a l l  can be 
a t t r i b u t e d  t o  th i s .  Therefore, the  underfloor space must have been 
ac t ing  as  an air  flow pathway between rooms. 



Thus, the  u s e  of mechanical v e n t i l a t i o n  systems resu l t ed  i n  a  reduced 
proportion of the  house v e n t i l a t i o n  a i r  en te r ing  v i a  t h e  suspended 
f loor .  This was l a r g e l y  due t o  t h e  inc rease  i n  i n f i l t r a t i o n  through 
the  e x t e r i o r  f a b r i c  of the  house and not through a  reduction i n  flow 
r a t e  through t h e  f loor .  A i r  f lows i n t o  t h e  house v i a  t h e  suspended 
f l o o r  increased unless  the  underfloor vents  w e r e  sealed.  I f  the  
underfloor ven t s  were l e f t  unsealed, t h i s  would r e s u l t  i n  reduced 
concentrat ions of any products en te r ing  t h e  house v i a  the  underf loor  
space. I f  t h e  vents  w e r e  sea led ,  concentrat ions i n  t h e  underf loor  
space would inc rease ,  with a  poss ib le  increase  i n  house p o l l u t a n t  
concentrations. 

The e f f e c t  of s e a l i n g  t h e  underf loor  vents  r e su l t ed  i n  a  decreased 
v e n t i l a t i o n  r a t e  i n  t h e  underf loor  space and reduced a i r  flows through 
the  suspended f loor .  When t h e  house w a s  n a t u r a l l y  v e n t i l a t e d ,  the  
flow through t h e  suspended f l o o r  reduced from 60% t o  18% of the  
house t o t a l  i n f i l t r a t i o n  rate, while the  underfloor v e n t i l a t i o n  r a t e  
reduced from 95m3/h t o  41m3/h. 

With sealed vents ,  us ing  a  pressur ised  v e n t i l a t i o n  system, t h e  air 
flow r a t e  e n t e r i n g  through the  suspended f l o o r  was unchanged, al though 
the  house's v e n t i l a t i o n  r a t e  increased by a  f a c t o r  of 7. The 
underf loor  v e n t i l a t i o n  changed from 41m3/h t o  22m3/h, which would 
r e s u l t  i n  an increased r a t e  of p o l l u t a n t  i n f i l t r a t i o n .  

Depressurisat ion of the  house wi th  the  underfloor vents  sea led  
resu l t ed  i n  a i r  flow r a t e s  through the  f l o o r  s i m i l a r  t o  t h e  n a t u r a l  
v e n t i l a t i o n  condit ion,  although the  house's t o t a l  a i r  change r a t e  
increased by a  f a c t o r  of 7. When the  house was depressurised and the  
vents were sea led ,  a  small  inc rease  i n  t h e  house v e n t i l a t i o n  r a t e  
occurred due t o  an increased s t a c k  e f f e c t .  Under these  condi t ions ,  
the  s e a l i n g  of the  underfloor vents  caused t h e  proport ion of a i r  from 
the  underfloor space t o  decrease by a  f a c t o r  of 3. 

6. CONCLUSIONS 

The house used f o r  t h e  tests had approximately the  same leakage values  
3  (Q50 = 0.5m / s )  f o r  t h e  ou te r  f a b r i c ,  the  suspended f l o o r  and the  

underfloor vents .  This r e s u l t e d  i n  t y p i c a l  house i n f i l t r a t i o n  r a t e s  
of 0.5 a i r  changes per  hour and underfloor i n f i l t r a t i o n  rates of 5  a i r  
changes per hour. Approximately 65% of the  house v e n t i l a t i o n  entered  
v i a  t h e  suspended f loor .  Seal ing  t h e  vents  i n  the  underfloor space 
reduced t h i s  c o n t r i b u t i o n  by a  f a c t o r  of 3  f o r  n a t u r a l  and 
depressurised mechanical v e n t i l a t i o n ,  and by a  f a c t o r  of 14 when t h e  
house was provided with pressur ised  mechanical ven t i l a t ion .  

The v e n t i l a t i o n  method had more inf luence  on the  con t r ibu t ion  of 
i n f i l t r a t i o n  through the  f l o o r  when the  underf loor  vents  remained 
unsealed. 

For the  weather condit ions measured, t h e  most e f f e c t i v e  way of 
reducing the  concent r a t  ion  of any po l lu tan t s  en te r ing  t h i s  house v i a  
the  underfloor space would appear t o  be depressurised v e n t i l a t i o n  with 
the  underfloor vents  sea led ,  i.e. a  ' t i g h t '  underfloor space. I n  t h i s  
s i t u a t i o n  the re  was a  low proport ion of underfloor a i r  e n t e r i n g  the  
house, but a  r e l a t i v e l y  high underfloor v e n t i l a t i o n  ra te .  This  was 
mainly due t o  t h e  h i g h  house  v e n t i l a t i o n  r a t e s  induced  by 
depressur isa t ion .  

Pressurised v e n t i l a t i o n  with the  underfloor vents  sea led  provided a  
s imi la r  performance, but with a  much lower underfloor v e n t i l a t i o n  r a t e  
than i n  the  depressur ised  case. 
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--------.---------------------------------------------------- ............................................................ 
: TEST I I I LEAKAGE t C Q E F F J C I E N T S  FOR I U50 
: NAME : I STATUS I AQA2+BO+C=bP : (ivl'=3/S) : 
I I j-------+----.---+-------' , 
I I I 

I I I I 8 
I I A I E l :  C I I 

I -----+-----------------+-------- + - - - - - - - - + ------- + ----- - - - - I  

: U F 1  : V 1  TO V 7  SEALED : 66.4 : 59.3 : -0.6 : 0.53 : 
: U F 2  I V 2  TO V 7  SEALED I 54.8 I 36.7 : -0.3 : 0.68 I 
: U F 3  I V 3  TO V 7  SEALED : 5 1 . 4  I 33.7 I -0.7 i 0.72 : 
: U F 4  I V 4 T O V 7 S E A L E D  I 5 1 .  26.1 I 0.4 : 0.77 1 
: UF5 I VS TO V 7  SEALED : 39.6 : 28.9 I --0.3 : 0.82 : 
: UF6 I V 6  TO V 7  SEALED I 23.3 : 36.8 I -1.3 1 0.09 : 

U F 7  : V 7  SEALED I 26 .7  : 27.9 I -0.7 : Ct.95 : 
U F B  : A L L  UNSEALED : 22.3 : 26.2 : -0.9 t 1 . U 3  ; 

: H L 1  I H O U S E L E A K A G E :  29.4 : 1 1 . 4 :  - 1 . 1  : 1 . 1 3  ; ............................................................ ............................................................ 

T A U L E  1 .  
LEAKAGE CHARACTERIST ICS O F  THE UNDERFLOOR SPACE AND THE HOUSt. 



__________------_--------------------------------------------------.--------- 
---------------eve- -----------------------------------.----.- - . -- . 
I 
t : VENTILATlON : WlND WIND STACK IJNDEH SI)SYKNDKD ~'(YJ'AI., I( : 
I I 
I : CONDITIONS : SPEED DlR.  FIIOOR I(1 t 0 O H  H O I I S K  
I I I 1 
I I I VHN'1'. I '  VHN'I'. 
I I I 
t I : M/S DEG " K - 0 . 5  Ma3/H AC/H AC/h '----------+---------------+----------------------------.-------------------* 
: SEVEN : NATIJRAL : 2.88 191 2 .19  9b 41. 1.1 tJ.  1 9  11. 6Ull : 
I 
I : PHESSURISED : 2 .83  1 9 1  2-25 112 0 . 4 9  I - O H  I)-:j-/tJ ; 
I I I 1 
I I I I 

: VENTS : NATURAL : 1-86  175 3 . 4 4  264 0 . 4 %  tr.Sti r l . ' / s t l  ! 
I 
I : DRPRESSURISED : 1.61 182 2 .72  263 1 - 8 2  3 - b I l  t ) - 3 i ! t I  : 
I I I I 

I 1 I 

: UNSRALED : NATURAL : 2.46  322 1 . 6 0  2011 0- 5u ( 1 .  ./ti [ I .  ( 5 5 ( j  : 
1 
I : BALANCED : 2.57 317 2 .60 3 U 6  0. 86 I .  'tfi 1)- 49tj : 
I I I 
t : MECHANICAL I '----------+---------------+----------------------------------------------.- 1 

: SEVEN : NATURAL : 1.90 1'72 U.'/'7 41 0. O%'/ (J- 1 5  t ) -  J V t J  : 
I 
I : PRESSURISED : 2 .50  170 2 .00  22 0. II2.f 1 Y 1 O ! 
: VENTS I 

I 8 
I I 

I 
I : DEPRIZSSURISRD : 1. 00 167 4 . 0 0  136 t). 5.1 3.  8f) I). IbtI : 
: SEALED : I B 

I 
I I I I 
I I t I ............................................................................ ------------------------------------------------------------------------------- 

TABLE 2 
TEST HESULTS 

.................................................... ---------------------------------------------------- 
: WEATHER : WIND WIND STACK HOIISH (JNIJ&K : 
: PARAMETER : SPEED DIN. VYNT. YIsU0l-t : 
: VARIED I 1 VLCN'l'. : 
I 
t : M/S DEG " K - 0 . 5  AC/H AC/H : 
+---------------+----------------------------------- $.- 

: STACK : 1.76 296 3 . 3  0.27 4 .  Or1 : 
I 
I : 1.46 279 1 .8  11.18 2. 141 : 
I I 8 
8 I a 

: WIND SPEED : 3.69 324 3 . 3  0.45 3.tiU : 
8 
I : 1.76 296 3 . 3  0.2'7 4 .  UO : 
I I 8 
I I t .................................................... _---___--__-- -------- ----- ------- -------.-- _ - - - _  _ _ _ _  _ .___ 

TABLE 3. 
EI?PKCT OF STACK AND W 3N1) SYKKI) O N  VHN'I'ILA'J' 1.ON H A ' f K .  



Fig. 1. VIEW OF THE TEST HOUSE SHOWING WEST FACE 
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FIG 2 PLAN OF THE TEST HOUSE 
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V - 0.15m vent 

I - Injection point 

8 - Mixing fan 

xS - Sample point 

UDlN - Space under dining room and lounge 

UHAL - Space under hall and kitchen 

Fig.3. THE UNDERFLOOR SPACE 



Fig. 4. THE LEAKAGE TEST EQUIPMENT 
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C denotes SF, concentration 

Q denotes air flow rate 

U denotes underfloor 
H denotes house 

0 denotes outside 

The air flow rate within the house is made up of two components, air infiltrating from the 
underfloor space and from outside 

Q, = Q, + Q" 

A l c n  nt an1 ~ilihri~ u r n  

But outside air does not contain SF, ie C, = 0 
a n d  Q,CH = QuCu 

Fig.7. DERIVATION OF R 


