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ABSTRACT 

I n c r e a s e s  i n  b u i l d i n g  a i r  t i g h t n e s s  f o r  purposes  o f  energy  
s a v i n g  have, u n f o r t u n a t e l y ,  a l s o  l e d  t o  a s i g n i f i c a n t  i n c r e a s e  
i n  t h e  number o f  i n s t a n c e s  o f  condensa t ion  damage, p a r t i c u l a r l y  
i n  domes t ic  p r o p e r t i e s .  The c o s t  e f f e c t i v e  c o n t r o l  of 
condensa t ion  is  a l a r g e  problem i n  t h e  United Kingdom, e s p e c i a l l y  
f o r  l o c a l  a u t h o r i t i e s  w i t h  large housing s t o c k s .  The u s e  o f  
ducted p a s s i v e  v e n t i l a t i o n  systems,  r e l y i n g  upon s t a c k  and wind 
effects to  provide  e x t r a c t i o n ,  ha s  s e v e r a l  advantages,  one  
o f  which is t h a t  t h e  occupants  o f  dwe l l i ngs  f i t t e d  w i th  such 
systems need l i t t l e ,  i f  any, knowledge o f  t h e  p r i n c i p l e s  
involved ,  or i n s t r u c t i o n s  i n  i ts use ,  t o  d e r i v e  maximum b e n e f i t .  

T h i s  paper  d e s c i r b e s  two programs o f  r e s e a r c h  c a r r i e d  
o u t  on two houses f i t t e d  w i t h  pas s ive  systems: t h e  f irst  house 
is a h i g h l y  a i r t i g h t ,  t imber  framed s t r u c t u r e ,  w h i l s t  t h e  
second is a s i g n i f i c a n t l y  l e a k i e r  counc i l  owned p rope r ty  o f  
t r a d i t i o n a l  cons t ruc t ion .  The effect o f  pas s ive  d u c t s  upon 
t h e  v e n t i l a t i o n  rate i n  each  dwel l ing  is measured and r e l a t e d  
t o  i n t e r n a l / e x t e r n a l  t empera ture  d i f f e r e n c e ,  windspeed and 
d i r e c t i o n .  The measured v e n t i l a t i o n  rates are used t o  c a l c u l a t e  
l i k e l y  rates o f  mois ture  e x t r a c t i o n  d u r i n g  occupat ion ,  and 
t h e  r e s u l t i n g  effects upon condensa t ion  r i s k  a r e  a s s e s s e d  
i n  t h e  l i g h t  o f  t h e  p red i c t ed  minimum v e n t i l a t i o n  rates 
necces sa ry  i n  o r d e r  t o  avoid condensat ion.  T h e o r e t i c a l  
c a l c u l a t i o n s  of t h e  expected f low rates through p a s s i v e  systems 
are p re sen t ed ,  and are shown ' to  be  i n  broad agreement w i t h  
measured va lues .  F i n a l l y ,  de s ign  c o n s i d e r a t i o n s  o f  importance 
when s p e c i f y i n g  pas s ive  systems are d iscussed .  

INTRODUCTION 

Modern energy  s a v i n g  techniques  have l e d  t o  i nc reased  
r i s k s  of condensat ion upon c o l d  s u r f a c e s  w i t h i n  t h e  occupied 
spaces  o f  dwel l ings .  B a t t y  e t  a 1  ( 1 )  estimate t h a t  as much 
a s  12kg o f  water  can  be r e l e a s e d  as vapour w i t h i n  a house 
i n  a day. I t  i s  clear t h a t  l o c a l i z e d  e x t r a c t i o n  o f  water 
vapour i n  h igh  product ion rate a r e a s  ( f o r  example bathroom 
and k i t c h e n )  would be h i g h l y  advantageous. 

A s imple ,  p o t e n t i a l l y  c o s t  e f f e c t i v e  method o f  mo i s tu re  
e x t r a c t i o n  which has  been sugges ted  a s  s u i t a b l e  f o r  u se  i n  
t h e  United Kingdom is pas s ive  s t a c k  v e n t i l a t i o n ,  o r  PSV. 



( 2 )  It should be  noted t h a t  such systems have been i n  u s e  
i n  most of t h e  rest o f  Europe f o r  a s u b s t a n s t i a l  l e n g t h  
o f  t i m e .  These systems use  ductwork, t e rmina t ing  a t  roof  
l e v e l ,  t o  provide d i r e c t  e x t r a c t i o n  o f  mois t  a i r  from a r e a s  
o f  h igh  mois ture  product ion.  The d r i v i n g  f o r c e s  for e x t r a c t i o n  
are t h e  temperature  induced buoyancy f o r c e  ( t h e  " s t a c k  effectu)  
and wind induced s u c t i o n .  The l i k e l y  o r d e r s  o f  magnitude 
o f  each  d r i v i n g  f o r c e  can  be  e s t ima ted  as fo l lows .  F i r s t l y ,  
t h e  maximum a v a i l a b l e  p re s su re  d i f f e r e n c e  f o r  buoyancy 
d r i v e n  a i r f l o w  i n  a d u c t  is g iven  by 

where p o = a i r  d e n s i t y  a t  o u t s i d e  tempera ture  (kg/m3) 
p h = a i r  d e n s i t y  a t  room tempera ture  (kg/m3) 
h = v e r t i c a l  d u c t  l e n g t h  ( m )  
g = a c c e l e r a t i o n  due t o  g r a v i t y  ( 9.81 m2 /s 

Secondly, t h e  v e l o c i t y  p re s su re  d i f f e r e n c e  induced by a 
moving a i r s t r e a m  a c r o s s  t h e  duc t  d i s cha rge ,  Pv, is g iven  
by 

where v = v e l o c i t y  o f  airstream. ( m / s )  

F igu re s  1 and 2 show t h e  p r e s s u r e  d i f f e r e n c e s  i n  a 
5m h i g h  duc t  ( t y p i c a l  o f  a k i t c h e n  i n s t a l l a t i o n )  and a 1.5m - 
high  d u c t  r e s p e c t i v e l y ,  ( t y p i c a l  of a bathroom i n s t a l l a t i o n . )  
Whi l s t  f i g u r e  3 shows t h e  effect o f  windspeed on wind induced 
p r e s s u r e  d i f f e r e n c e .  It can  be  s e e n  t h a t  i n  t h e  m a j o r i t y  
o f  cases, t h e  c o n t r i b u t i o n  o f  s t a c k  effect is l i k e l y  t o  
be smaller than  t h e  wind induced component: fu r thermore ,  
t h e  o v e r a l l  f low o f  a i r  through a duc t  o f  a g iven  l e n g t h  
w i l l  b e  i n f luenced  by r e s i s t a n c e  effects. 

The a i r f l o w  rate through a d u c t  can be  c a l c u l a t e d  from 
t h e  fo l l owing  formula: 

where Q=volumet r ic  a i r f l o w  rate ( m 3  / h r )  
p=mean a i r  d e n s i t y  ( kg/m3 

P t = t o t a l  a v a i l a b l e  p re s su re  d i f f e r e n c e  ( P a )  
= [ PB2+Pw2 14 

a=c ros s - sec t iona l  area of duc t  ( m 2 )  
E=perimeter  o f  duc t  ( m  
f = f r i c t i o n  c o e f f i c i e n t  of duc t  (d imens ionless )  
L=length  o f  duc t  ( m )  

Values c a l c u l a t e d  from equa t ion  ( 3 )  are then  c o r r e c t e d  u s i n g  
t h e  procedure desc r ibed  i n  d e t a i l  i n  r e f e r ence  (31,  i n  o r d e r  
t o  t a k e  account  o f  any a i r  r e s i s t a n c e  w i t h i n  t h e  d u c t s  due 
t o  bends. 



F i g u r e  4 shows t h e  c a l c u l a t e d  a i r f l o w  through a 1.5m h igh ,  
100mm i n t e r n a l  d iameter  d u c t  f o r  a range o f  i n t e r n a l / e x t e r n a l  
t empera ture  d i f f e r e n c e s  and windspeeds, w h i l s t  f i g u r e  5 
g i v e s  t h e  same informat ion  f o r  a 5m h igh  d u c t  o f  t h e  same 
i n t e r n a l  diameter .  

The main aims of t h e  work desc r ibed  i n  t h i s  paper  are 
t h r e e f o l d :  

1)  To a s s e s s  t h e  performance o f  PSV systems i n s t a l l e d  i n  
two houses  o f  d i f f e r e n t  c o n s t r u c t i o n  and a i r  leakage  
c h a r a c t e r i s t i c s ,  f o r  a range o f  weather  c o n d i t i o n s ;  

2 )  To determine whether  t h e  c o n t r i b u t i o n  to t h e  v e n t i l a t i o n  
rate i n  t h e  bathrooms and k i t c h e n s  are s u f f i e n t  t o  avo id  
condensa t ion  i n  each  house; 

3) To estimate t h e  effects o f  t h e  u s e  of PSV systems upon 
ene rgy  consumption, and t o  compare them w i t h  t h e  effects 
o f  o t h e r  means o f  mo i s tu re  removal. 

EXPERIMENTAL 

a )  Details o f  t es t  houses.  

The house used f o r  t h e  first s i t e  i n v e s t i g a t i o n  is 
s i t u a t e d  a t  Willow Park,  Chorley, and is p a r t  o f  t h e  C e n t r a l  
Lancash i re  New Town development. The house is desc r ibed  
i n  greater d e t a i l  i n  r e f e r e n c e  (41 ,  b u t ,  b r i e f l y ,  is o f  
a s p e c i a l  low energy t imber  frame c o n s t r u c t i o n .  The whole 
house volume is approximately 320m3, o f  which t h e  bathroom 
and k i t c h e n  comprise approximately 13m3 and 34m3 r e s p e c t i v e l y .  
F i g u r e  6 g i v e s  d e t a i l s  o f  t h e  PSV systems used. 

The house used f o r  t h e  second i n v e s t i g a t i o n  is  s i t u a t e d  
a t  Withington,  South Manchester,  and is a t h r e e  bedroomed, 
semi-detatched c o u n c i l  house o f  t r a d i t i o n a l  cons t ruc t ion .  
The whole house volume is approximately 200m3, o f  which 
t h e  bathroom and k i t c h e n  comprise approximately 6.7m3 and 
16.2m3 r e spec t ive ly .  F igu re  7 g i v e s  d e t a i l s  o f  t h e  PSV 
sys tems  i n s t a l l e d .  There are t h r e e  main d i f f e r e n c e s  between 
t h e  systems used i n  each  house. F i r s t l y ,  150mm diameter  
i n s u l a t e d  f l e x i b l e  d u c t  is used i n  t h e  counc i l  house 
i n s t a l l a t i o n s  i n s t e a d  o f  t h e  previous r i g i d  r e c t a n g u l a r  
ductwork; secondly ,  t h e  counc i l  house i n s t a l l a t i o n s  are 
te rmina ted  a t  r i d g e  l e v e l  by means o f  Redland g a s  f l u e  Ridge 
V e n t i l a t o r s ;  and f i n a l l y ,  Bahco r e g i s t e r s  are used a s  c e i l i n g  
t e r m i n a l s  i n  t h e  c o u n c i l  house i n s t a l l a t i o n s .  



b )  Measurement d e t a i l s .  

The v e n t i l a t i o n  and a i r  movement measurement performed 
d u r i n g  t h e s e  two s i t e  i n v e s t i g a t i o n s  were made u s i n g  t h e  
m u l t i p l e  tracer gas technique  developed a t  UMIST ( 5 )  B r i e f l y ,  
t h e  t echn ique  u s e s  a modif ied p o r t a b l e  gas chromatograph, 
and is capab le  o f  measuring v e n t i l a t i o n  r a t e s  i n ,  and a i r f l o w s  
between, t h r e e  i n t e r connec t ed  cel ls .  

The program o f  measurements performed i n  t h e  low energy  
house is g iven  i n  f u l l  i n  r e f e r e n c e  4 .  The number o f  d i f f e r e n t  
permuta t ions  o f  test  c o n d i t i o n s  used du r ing  t h i s  s t u d y  w a s  
greater than  f o r  t h e  counc i l  house s t u d y  due t o  extreme 
a i r t i g h t n e s s  o f  t h e  house and t h e  presence o f  window head 
t r i c k l e  v e n t i l a t o r s .  

The fo l l owing  program o f  measurements was performed 
i n  t h e  counc i l  house: 

i) no PSV sys tems  i n  use ;  
ii) bathroom PSV system i n  u se ;  
i i i ) k i t c h e n  PSV system i n  u s e ;  
i V )  bo th  PSV systems i n  use ;  
I n  a d d i t i o n ,  t h e  fo l l owing  s u b s i d i a r y  parameters  were measured 
d u r i n g  each  i n v e s t i g a t i o n :  
i) i n t e r n a l / e x t e r n a l  t empera ture  d i f f e r e n c e ;  
ii) a i r  v e l o c i t i e s  i n  d u c t s ;  
i i i ) i n t e r n a l / e x t e r n a l  p r e s s u r e  d i f f e r e n c e s ;  
i v )  r e l a t i v e  humidi ty  i n  b o t h  k i t c h e n  and bathroom; 
v )  windspeed and d i r e c t i o n .  

RESULTS AND DISCUSSION. 

a )  Low energy house. 

Measured v e n t i l a t i o n  rates, t o g e t h e r  w i t h  o t h e r  d a t a ,  
a r e  p re sen t ed  i n  t a b l e  1. ( k i t c h e n )  and t a b l e  2. (bathroom).  
S e v e r a l  p o i n t s  a r e  worthy o f  no te :  

i) The PSV systems are s e n s i t i v e  t o  windspeed. Table  1 
shows t h a t  an  i n c r e a s e  i n  windspeed from 2m/s t o  5m/s from 
t h e  w e s t  i n c r e a s e s  t h e  airflow rate i n  t h e  k i t chen  duc t  by 
between 27% and 40%, depending upon room cond i t i ons .  From 
o t h e r  tests d i scus sed  i n  g r e a t e r  d e t a i l  i n  r e f e r ence  i t  becomes 
appa ren t  t h a t  bo th  systems a r e  h i g h l y  s u s c e p t i b l e  t o  t h e  
i n f l u e n c e  o f  wind d i r e c t i o n .  

ii) Comparison o f  t a b l e  1 w i t h  t a b l e  2 shows t h a t  t h e  bathroom 
system outperforms t h e  k i t c h e n  system f o r  t h e  same windspeed 
and d i r e c t i o n  f o r  example, f o r  t h e  case o f  a 2m/s w e s t e r l y  
wind, t h e  bathroom system e x t r a c t s  a t  a 40% h ighe r  r a t e  than  
t h e  k i t c h e n  system. 



Thi s  is i n  c o n f l i c t  w i th  t h e  r e s u l t s  o f  Johnson e t  a1 (51 ,  
who s t a t e  t h a t  t h e  g r e a t e r  s t a c k  effect  i n  t h e  l o n g e r  k i t c h e n  
duc t  w i l l  always l e a d  t o  h i g h e r  e x t r a c t i o n  rates i n  k i t c h e n  
duc t s  as opposed t o  bathroom d u c t s .  T h i s  argument does n o t ,  
of cou r se ,  t ake  i n t o  account  t h e  i n f l u e n c e  o f  r e s i s t a n c e  effects 
due t o  d u c t  l eng th .  

Equat ion  3 p r e d i c t s  d u c t  a i r f l o w s  of approximately 33m3/hr 
and 40m3/hr f o r  t h e  bathroom and k i t c h e n  d u c t s  r e s p e c t i v e l y ,  
f o r  t h e  test c o n d i t i o n s  exper ienced .  It would appear  t h a t  
t h e  extreme a i r t i g h t n e s s  o f  t h e  house has  t h e  effect o f  
t h r o t t l i n g  t h e  PSV systems. It is p o s s i b l e  t o  i n c r e a s e  d u c t  
a i r f l ow  rates s i g n i f i c a n t l y  by opening  t h e  k i t c h e n  door: however, 
a i r  movement tests desc r ibed  i n  more d e t a i l  i n  r e f e r e n c e  ( 4 )  
show t h a t  t h i s  p r a c t i c e  encourages  t h e  flow o f  mo i s t  a i r  i n t o  
t h e  rest o f  t h e  house, and is t h e r e f o r e  n o t  t o  be  encouraged. 

As ide  from t h e  o t h e r  p o i n t s  mentioned above, i t  should  
be no ted  t h a t  a t  windspeeds i n  exces s  o f  9m/s, t h e  f low o f  
a i r  i n  bo th  systems a c t u a l l y  r eve r sed ,  t h u s  p rov id ing  an  in f low 
o f  a i r  i n t o  t h e  house. 

b )  Counci l  House. 

Measured v e n t i l a t i o n  rates, t o g e t h e r  w i t h  o t h e r  d a t a  
are p re sen t ed  i n  t a b l e  3 ( k i t c h e n )  and t a b l e  4 (bathroom).  
Key f e a t u r e s  o f  t h e  r e s u l t s  are as fo l lows:  

i) A s  i n  t h e  case o f  t h e  low energy  house, t h e  sys tems  are 
s e n s i t i v e  t o  t h e  i n f l u e n c e  of wind speed,  however, wind d i r e c t i o n  
does n o t  seem t o  have as s i g n i f i c a n t  an effect. 

ii) Duct a i r f l o w s  are g e n e r a l l y  h ighe r  t han  f o r  t h e  low 
energy house. Table  5 compares d u c t  a i r f l o w s  i n  bo th  houses  
f o r  comparable o p e r a t i n g  c o n d i t i o n s .  

iii) Airf low rates i n  t h e  bathroom system a r e  a g a i n  h i g h e r  
than for  t h e  k i t c h e n  system under  i d e n t i c a l  cond i t i ons .  
Expressed as a percentage  of t h e  o v e r a l l  a i r  change rate, 
bathroom system a i r f l o w  r a t e s  are comparable t o  t h o s e  measured 
i n  t h e  low energy house: f o r  t h e  k i t c h e n  system, however, 
t h e  percentage  is  s i g n i f i c a n t l y  h igher .  

i v )  The effect o f  temperature  upon d u c t  a i r f l o w s  can  be  
seen  more c l e a r l y  i n  t h i s  case. Temperature is t h e  dominant 
f a c t o r  a t  low wind speeds,  b u t  becomes less s i g n i f i c a n t  a s  
wind speed  i n c r e a s e s .  It can  be  s e e n  t h a t  t h e  measured a i r f l o w  
rates are i n  good agreement w i t h  t h e  a i r f l o w  rates p r e d i c t e d  
i n  f i g u r e s  4 and 5. 



V )  flow r e v e r s a l  was a g a i n  obse rved .  However, i n  t h i s  c a s e ,  
t h e  t h r e s h o l d  windspeed f o r  t h e  o n s e t  o f  f l o w  r e v e r s a l  was 
o n l y  7m/s .  Without  c a r r y i n g  o u t  a similar program o f  tests 
i n  a  s imilar  house ,  i t  is n o t  p o s s i b l e  t o  s ta te  c a t e g o r i c a l l y  
whe the r  t h i s  r e d u c t i o n  i n  t h r e s h o l d  windspeed is due  to t h e  
c h o i c e  o f  t e r m i n a l ,  o r  else is a f u n c t i o n  of b u i l d i n g  e n v e l o p e  
a i r  t i g h t n e s s .  I n  t h e  o p i n i o n  o f  t h e  a u t h o r s ,  t h e  fo rmer  
p o s s i b i l i t y  is t h e  more l i k e l y .  

SYSTEM EFFECTIVENESS - ENERGY 1MPI.ICATIONS OF PSV USE 

Us ing  t h e  c r i t e r i a  o u t l i n e d  by Meyringer  (61, and a d j u s t i n g  
t h e s e  i n  o r d e r  t o  r e f l e c t  t h e  l i k e l y  d a i l y  m o i s t u r e  p r o d u c t i o n  
w i t h i n  t h e  t y p i c a l  bathroom and k i t c h e n ,  i t  is p o s s i b l e  t o  
estimate t h e  minimum v e n t i l a t i o n  rates r e q u i r e d  i n  o r d e r  
t o  a v o i d  s u r f a c e  c o n d e n s a t i o n .  These  v a l u e s  a r e  g i v e n  i n  
t a b l e  6. I n  t h e  case o f  t h e  1-ow energy house ,  i n s p e c t i o n  
o f  t a b l e s  1 and 2 shows t h a t  u s e  o f  t h e  bathroom PSV s y s t e m  
g i v e s  a v e n t i l a t i o n  rate o f  a p p r o x i m a t e l y  1.04 ach ,  w h i l - s t  
t h e  k i t c h e n  PSV s y s t e m  g i v e s  v e n t i l a t i o n  rates o f  between 
0.84 and 1 . I  ach.  Thus it c a n  be s e e n  t h a t  even under  t h e  
low wind s p e e d s  e x p e r i e n c e d  d u r i n g  t h i s  s t u d y ,  t h e  PSV s y s t e m s  
s h o u l d ,  i n  most cases, g i v e  a background v e n t i l a t i o n  rate 
which is adequa te  t o  p r e v e n t  s u r f a c e  c o n d e n s a t i o n .  I n  t h e  
c a s e  o f  t h e  c o u n c i l  house ,  t h e  PSV s y s t e m s  a l s o  g i v e  v e n t i l a t i o n  
r a t e s  above t h e  minimum; however, t h e  rates are w e l l  i n  e x c e s s  
o f  t h e  minimum r e q u i r e d ,  and hence t h e  s y s t e m s  c o u l d  be  w a s t i n g  
energy by o v e r  e x t r a c t i o n .  I t  c o u l d  be  a rgued  t h a t  t h e s e  
c a l c u l a t i o n s  have been made on t h e  b a s i s  o f  t h e  assumpt ion  
of a const .ant  rate of' a o i o t u r c  p r o d u c t i o n  and ihat i r ~  pr 'acti.ce, 
h i g h e r  rates o f  e x t r a c t i o n  migh t  b e  o f  b e n e f i t  i n  o r d e r  t o  
cope  w i t h  peaks  of m o i s t u r e  p roduc t ion .  However, from t h e  
energy  e f f i c i e n c y  v i e w p o i n t ,  i t  is u n d e s i r a b l e  t h a t  o v e r  
e x t r a c t i o n  t a k e s  p l a c e  r e g u l a r l y .  One possib1.e s o l u t i o n  
t o  t h i s  problem would be  t h e  p r o v i s i o n  o f  a 
h u m i d i t y - s e n s i t i v e  t h r o t t l i n g  sys tem f o r  e a c h  PSV d u c t  i n s t a l l e d  
i n  a house .  Such a d e v i s e  would p r e f e r a b l y  b e  n o n - e l e c t r i c a l l y  
o p e r a t e d ,  i n  o r d e r  t o  r e d u c e  t h e  maintenance and r u n n i n g  
c o s t .  Another  s o l u t i o n  might  be  t o  r educe  t h e  s i z e  o f  PSV 
d u c t s  so as t o  g i v e  c o n d e n s a t i o n  c o n t r o l  d u r i n g  c o n d i t i o n s  
o f  a v e r a g e  m o i s t u r e  product i .on ,  w h i l s t  p r o v i d i n g  a humid i ty  
c o n t r o l l e d  b o o s t e r  f a n  i n  t h e  PSV d u c t .  Such a sys tem would 
g i v e  a b e t t e r  r e s p o n s e  to  r a p i d  i n c r e a s e s  i n  m o i s t u r e  p r o d u c t i o n  
r a t e s ,  b u t  would i n c u r  h i g h e r  maintenance and r u n n i n g  c o s t s  
t h a n  t h e  "humidi ty  t h r o t t l e d w  o p t i o n .  

d l  O p t i m i s a t i o n  of sys tem d e s i g n .  

I n  o r d e r  t o  o p t i m i s e  t h e  performance o f  a PSV sys tem,  
sevt.l>al i m p c r t a n t  d e s i g r ~  anti j n s t a l . l a t i o n  p o i n t s  have t o  
be  t a k e n  i n t o  c o n s i d e r a t i o n :  



i) The number o f  bends i n  a system should be minimised. 
Offsets o r  135 degree  bends are t o  be  p r e f e r r e d  i n  c i rcumstances  
where bends are necessary ;  i n  any case, 90 degree  bends should 
be avoided a t  a l l  c o s t s .  

ii) F l e x i b l e  d u c t s  a r e  v a l u a b l e  components t o  have a v a i l a b l e  
as an o p t i o n  when PSV systems a r e  be ing  designed.  It is 
impera t ive ,  however, t h a t  when they  are used,  t hey  are f u l l y  
extended,  o r  else t h e  r e s i s t a n c e  t o  a i r f l o w  r e s u l t i n g  w i l l  be 
s i g n i g i c a n t l y  g r e a t e r  t han  f o r  a comparable l e n g t h  o f  r i g i d  
ductwork. It should  be impressed upon i n s t a l l e r s  t h a t  i n  
c i rcumstances  where f l e x i b l e  ductwork is used t h a t  t h e  ductwork 
should b e  c u t  t o  l e n g t h ,  r a t h e r  t han  a l lowing  exces s  ductwork 
t o  hang l o o s e l y ,  o r  i n  t h e  wor s t  case, t o  be c o i l e d  up i n  t h e  
roofspace .  

iii) It would be  a p p r o p r i a t e  t o  remind any PSV system d e s i g n e r  
t h a t  t h e  u s e  of  i n s u l a t e d  ductwork i n  t h e  roofspace  is  e s s e n t i a l ,  
i n  o r d e r  t o  minimise t h e  r i s k  o f  condensa t ion  w i t h i n  duc t s .  

i v )  On t h e  b a s i s  o f  t h e  r e s u l t s  ob t a ined  i n  t h e  two s t u d i e s ,  
i t  is recommended t h a t ,  wherever p o s s i b l e ,  a PSV system should  
d i s c h a r g e  by means o f  a r i d g e  t i l e  v e n t i l a t o r .  The lower t h r e s h o l d  
windspeed f o r  f l ow  r e v e r s a l  is a small p r i c e  t o  pay f o r  t h e  
less wind d i r e c t i o n  s e n s i t i v e  system performance ob ta ined .  

v )  The use  o f  a common d i scha rge  t e rmina l  f o r  two o r  more 
PSV sys tems  may have a c e r t a i n  economic o r  a e s t h e t i c  appea l .  
However, from a t e c h n i c a l  p o i n t  o f  view, i t  is ve ry  impor tan t  
t h a t  e a c h  system i n  a dwel l ing  d i s c h a r g e s  independent ly .  

v i )  The i n f e r i o r  performances o f  t h e  PSV systems i n  t h e  low 
energy house are due t o  an inadequate  supply  o f  a i r  t o  f e e d  
t h e  sys tems ,  u n d e r l i n i n g  t h e  importance which should  be  a t t a c h e d  
t o  t h e  c a r e f u l  p lanning  o f  a i r f l o w  r o u t e s  i n t o  and w i t h i n  a 
dwel l ing ,  i n  o r d e r  t o  ensu re  t h a t  t h e  PSV systmes o p e r a t e  t o  
t h e i r  f u l l  c a p a b i l i t i e s .  

v i i )  If t h e  dwe l l i ng  be ing  f i t t e d  w i th  PSV systems is  i n  
an exposed area, i t  may be  t h e  c a s e  t h a t  volume c o n t r o l  dampers 
have t o  be  used i n  o r d e r  t o  p reven t  over -ex t rac t ion .  

CONCLUSIONS. 

Programs o f  tes t  work on two c o n t r a s t i n g  t ypes  o f  house 
have shown t h a t  i n  both cases, PSV systems provide an e f f i c i e n t  
means o f  condensat ion c o n t r o l  w i t h i n  zones o f  h igh  water vapour 
product icn .  However, t h e  two s t u d i e s  s e r v e  t o  emphasise two 
c o n t r a s t i n g  f a c t o r s  which should  be taken  i n t o  account  when 
des ign ing  PSV systems. 



The extreme a i r t i g h t n e s s  o f  t h e  low energy  house p reven t s  t h e  
PSV sys tems  form e x t r a c t i n g  t o  t h e i r  p r ed i c t ed  c a p a b i l i t y ,  w h i l s t  
i n  t h e  c o u n c i l  house, it 's h igh  background a i r  l e akage  means 
t h a t  o v e r  e x t r a c t i o n  is l i k e l y  t o  occu r ,  p a r t i c u l a r l y  a t  h igh  
wind speeds .  On t h e  one hand, i t  is e s s e n t i a l  t o  provide  adequate  
air i n l e t s  s o  a s  t o  f eed  d u c t s ,  on t h e  o t h e r ,  i t  is impor tan t  
t o  minirnise o v e r  e x t r a c t i o n  f o r  r ea sons  o f  energy  e f f i c i e n c y .  
Over e x t r a c t i o n  is b e s t  c o n t r o l l e d  by one o f  two means; f i r s t l y ,  
by p rov id ing  humidi ty-sens i t ive  t h r o t t l i n g  o f  duc t s ;  o r  secondly,  
by p rov id ing  a mechanical boos t  t o  e x t r a c t i o n .  Two i n s t a l l a t i o n s  
u s i n g  t h e  former p r i n c i p l e  a r e  c u r r e n t l y  undergoing f i e l d  t r i a l s .  
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Eluoyancy induced pessure difference, PBUW (Pascals) 
F i g u r e  1 :  B u o y a n c y  i n d u c e d  p r e s s u r e  d i f f e r e n c e  5 mtr d u c t .  



Buoyancy induced pressure difference, Pevo y( Pascals) 
Figure 2: Buoyancy induced pressure differencel.5 mtr duct. 





100 mm DIA, 1-5 rrl HIGH STACK 

DUCT IN A BATHROOM 

F i g u r e  4 :  C a l c u l a t e d  a i r f l o w  1 . 5  mtr h i g h ,  1 0 0  m m  
d i a  d u c t .  





GLlDEVALE TYPE GS T E  VENTUTORS 

F i g u r e  6 :  PSV L a y o u t :  Cow e n e r g y  h o u s e .  



F i g u r e  7 :  PSV L a y o u t :  C o u n c i l  H o u s e .  
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N K  Duct Flow % of  NK 
Condi t ions ACH m3  / h r  m / s  m 3  / h r  due t o  duc t  Speed Direct. T°C 

( m / s )  

A l l  s e a l e d  .23 7.82 - 
T r i c k l e  v e n t s  open .59 20.06 - 
Duct and t r i c k l e  ven t  
open .84 28.56 0.11 

Duct and windows 2" 3.00 102.00 0.15 

Duct open o n l y  .37 12.58 0.10 

Windows open 2" o n l y  2.57 87.38 ' - 

A l l  s e a l e d  .31 10.54 - 
T r i c k l e  v e n t s  open .63 21.42 - 
Duct and t r i c k l e  v e n t  
open 1.17 39.78 0.15 

Duct and windows 2" 3.67 124.78 0.25 

Duct open o n l y  .53 18.02 0.14 

Windows open 2" o n l y  2.74 93.16 - 

TABLE 1: R e s u l t s  f o r  k i t chen  v e n t i l a t i o n  tests 



u b m - m m  
- U - m  

13 
a, 

r-l 
id 
a, 
V1 



Nk Duct Ai r f low Wind 
a c h  m 3  / h r  m 3  / h r  % of Nk T°C D i r e c t i o n  Speed ( m / s )  Comments 

1.661 26.9 - - 26.2 SE 3.0 Duct S e a l e d  
1.956 31.7 - - 14.5 S 5.0 II 11 

.939 15.2 - - 10.0 W 3.5 II  11 

1.100 17.8 - - 14.1 NE 6.5 II  II 

Duct Open 
I1 If 

I1 11 

I1 I1 

I1 If 

11 11 

I1 If 

11 I t  

11 11 

Table  3: Counci l  house k i t c h e n  



NB Duct Airflow T°C Wind 
a c h  m3/hr  m3/hr  % o f N k  D i r e c t i o n  Speed ( m / s )  Comments 

Duct S e a l e d  
11 11 

11 I1 

11 I t  

Duct Open 
11 11 

11 11 

11 11 

T a b l e  4: Counci l  house bathroom 






