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SYNOPSIS 

The mul t ip le  t r a c e r  gas technique developed a t  UMIST has been 

applied t o  t h e  measurement of roof-space v e n t i l a t i o n  r a t e s  and house t o  

roof-space a i r  movement, f o r  various types and combinations of roof-space 

ven t i l a t ion .  I t  has been shown t h a t  r idge  t i l e  v e n t i l a t o r s ,  wh i l s t  

increas ing roofspace v e n t i l a t i o n  r a t e s  a t  low wind speeds, a l s o  

s i g n i f i c a n t l y  inc rease  house t o  roof-space a i r f lows over t h e  whole range 

of wind speeds. This has  impl ica t ions  not  only i n  t e r m s  of energy 

wastage, bu t ,  more s i g n i f i c a n t l y ,  i n  terms of increased moisture r a t e s  

t o  t h e  roof-space. Methods of reducing a i r  leakage t o  the  roof-space 

a re  b r i e f l y  discussed.  The use of a k i tchen e x t r a c t  fan is  shown t o  
3 reduce a i r f low from downstairs t o  u p s t a i r s  t o  between 10 and 30 m /hr .  

I t  is  pointed out  t h a t  i n  order  t o  be able  t o  gain a b e t t e r  understanding 

of a i r  movement wi th in  t h e  bui ld ing envelope, it w i l l  be necessary t o  

make use of t h r e e  and four  t r a c e r  gas measurements. 





MULTIPLE CELL A I R  MOVEMENT lMEASUREMENTS 

INTRODUCTION 

The energy c r i s i s  of the  19709s ,  and t h e  r e s u l t i n g  increase  i n  the  

p r i ce  of f u e l s ,  has shown t h a t  s i g n i f i c a n t  amounts of energy and money 

can be saved by t h e  use  of  insu la t ion .  In  the  United Kingdom, 

approximately 30% of t h e  t o t a l  primary energy used is i n  the  domestic 
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sec to r  , and it i s  c l e a r l y  des i rab le  t h a t  considerable savings a r e  

achieved here.  

A popular method of energy saving has been t h e  insu la t ion  of l o f t s .  

One of t h e  e f f e c t s  of applying l o f t  i n s u l a t i o n  is a general reduction of 

the  s t r u c t u r a l  roof temperature. The Building Research Establishment 2 , 3  

have drawn a t t e n t i o n  t o  t h e  danger of  t h e  occurrence of water vapour 

condensing i n  roof-spaces, with t h e  consequent hazards of s t r u c t u r a l  

f a i l u r e  and c e i l i n g  damage. sanders4 has reported t h a t  t y p i c a l l y ,  i n  

s t i l l ,  cold conditions,30$ of t h e  a i r  leaving a house does s o  through the  

roof-space. The inc reas ing  use of l o f t  i n s u l a t i o n ,  therefore ,  n e c e s s i t a t e s  

a g rea te r  understanding of a i r  migrat ion paths through the  house and i n t o  

t h e  roof-space, which i n  tu rn  provides ind ica to r s  regarding t h e  reduction 

of moisture t r a n s f e r  i n t o  the  roof-space. 

This paper b r i e f l y  describes t h e  mul t ip le  t r a c e r  gas technique used 

f o r  v e n t i l a t i o n  and a i r  movement measurements a t  UMIST f o r  t h e  case  of 

two t r a c e r  gases,  and i t s  appl ica t ion  t o  the  determination of roof-space 

v e n t i l a t i o n  r a t e s ,  house t o  roof-space a i r f lows,  and airf lows between t h e  

u p s t a i r s  and downstairs: i n  t h e  l a t t e r  case,  t h e  e f f e c t  of a k i tchen 

e x t r a c t  fan is  demonstrated. 

2. EXPERIMENTAL DETAILS 

The mul t ip le  t r a c e r  gas v e n t i l a t i o n  and a i r  movement measurement 

apparatus used a t  UMIST has been developed with t h r e e  aims i n  mind: 

f i r s t l y ,  maximum p o r t a b i l i t y  and ease  of use f o r  s i t e  app l i ca t ions ;  

secondly, r a p i d i t y  of concentration/time da ta  acqu i s i t ion ;  t h i r d l y ,  p r i n t -  

out  of concentrat ion/t ime da ta  during t h e  ac tua l  test period,  s o  t h a t  any 

anomalies o r  f a u l t s  can be noted and r e c t i f i e d  immediately. 



5 
The apparatus used has been described i n  g r e a t e r  d e t a i l  elsewhere . 

Br ie f ly ,  the  system c o n s i s t s  of a modified Analyt ical  Instruments Model 

505 gas chromatograph with e l ec t ron  capture  de tec to r .  The chromatograph 

has been f i t t e d  (Figure 1 )  with two 4-port s e l e c t o r  valves s o  a s  t o  

permit the  use of  two matched chromatographic columns i n  p a r a l l e l .  This 

modification i n  e f f e c t  doubles the  number of samples t h a t  can be analysed 

i n  a given t i m e ,  thus  enabling a i r  movement t e s t s  t o  be completed before 

r e c i r c u l a t i o n  of t r a c e r  gas becomes s i g n i f i c a n t ,  and a l s o  minimises 

va r i a t ions  i n  d a t a  due t o  extraneous va r i ab les  such as  wind speed and 

wind d i r e c t i o n .  When used with two 8 '  long, 0.25" diameter 10% squalane 
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separa t ion  columns, he ld  a t  a constant  30 C i n  a the rmos ta t i ca l ly  

cont ro l led  water ba th ,  it i s  poss ib le ,  f o r  the  case  of two t r a c e r  gases, 

(Freon 12 and Freon 114) t o  analyse a sample i n  30 seconds. By c a r e f u l  

condit ioning of t h e  chromatographic columns, t h e i r  responses can be 

matched t o  wi th in  0.5% f o r  a given t r a c e r  gas concentrat ion:  furthermore, 

the  use of t h e  water ba th  a t  30°c e f f e c t i v e l y  e l iminates  problems 

previously encountered with base l ine  d r i f t  during ambient temperature 

use. 

The concentrat ion/t ime da ta  obtained is analysed by t h e  s impl i f i ed  

ana ly t i ca l  s o l u t i o n  of t h e  conservation of mass of t r a c e r  Ras equations 

f o r  two interconnected c e l l s  described i n  g rea t  d e t a i l  i n (5 ) .  This new 

analys is  i s  super io r  t o  t h e  Prony ana lys i s  previously usede on t h e  grounds 

t h a t  i t  can cope more r e a d i l y  with random measurement e r r o r s ,  with the  

r e s u l t  t h a t  s i g n i f i c a n t l y  l e s s  da ta  has t o  be discarded as  physica l ly  

meaningless simply because of an inherent  weakness of the  mathematical 

analys is  used. This is c l e a r l y  of benef i t  i n  terms of e f f i c i ency .  

The technique and new mathematical analys is  have been va l ida ted  i n  

a s e r i e s  of t e s t s  c a r r i e d  out  using two interconnected environmental 
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chambers with con t ro l l ed ,  measurable supply and e x t r a c t  r a t e s  . The 

ca lcu la ted  i n t e r - c e l l  a i r f low values derived were within 10% of t h e  

measured values.  

S i t e  measurements were c a r r i e d  out  i n  a t h r e e  bedroomed, end- 

te r raced council  house of low energy design.  (Figure 2 ) .  The house 

was b u i l t  i n  1981, and is of cav i ty  brick/block const ruct ion ,  with 

insu la t ion  i n  t h e  i n t e r n a l  wal ls .  The windows a r e  double glazed.  The 

roof i s  a 20 degree duopitch of cement t i l e  and sarking f e l t  underlay: 



the r idge  runs east-west.  The roof-space of t h i s  house is  insu la ted  by 

150 mm of l o o s e - f i l l  g l a s s  f i b r e  i n s u l a t i o n  between c e i l i n g  j o i s t s .  I t  

is v e n t i l a t e d  by a  continuous 10 mm opening a t  t h e  eaves l e v e l ,  ( s o f f i t  

ven t i l a t ion)  i n  combination with a  r idge  t i l e  v e n t i l a t o r .  (Figure 3 ) .  

The bathroom, k i tchen and lounge a r e  f i t t e d  with e x t r a c t  fans .  The house 

is heated by a  s o l i d  f u e l  warm a i r  h e a t e r .  

3. RESULTS AND DISCUSSION 

(a) Roof-space v e n t i l a t i o n  r a t e s  and house-roof airf lows 

Figure 4  compares t h e  roof-space v e n t i l a t i o n  r a t e s  f o r  the  cases  of 

a l l  v e n t i l a t o r s  sea led ,  s o f f i t s  only open, and s o f f i t s  and r idge  t i l e  

open, f o r  the  case of p reva i l ing  wind d i r e c t i o n .  For the  case of s o f f i t  

only open, the  roof v e n t i l a t i o n  r a t e  l i e s  between 0.5 - 9.5 ach f o r  

wind speeds up t o  5  m / s .  S i t e  observations show t h a t  s o f f i t  induced 

v e n t i l a t i o n  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  changes i n  wind d i rec t ion .  In 

the  case of t h e  s o f f i t / r i d g e  t i l e  combination, t h e  presence of the  r idge  

v e n t i l a t o r  c l e a r l y  has an e f f e c t  on v e n t i l a t i o n  r a t e  a t  low wind speeds 

(<2m/s): however, f o r  wind speeds i n  excess of 6m/s, the  roof v e n t i l a t -  

ion r a t e  tends t o  be t h e  same value f o r  both s o f f i t  only and the  s o f f i t /  

r idge  combination. 

Figure 5  shows t h e  influence of d i f f e r e n t  types and combinations of 

roof v e n t i l a t o r  on house t o  roof a i r  movement. With a l l  v e n t i l a t o r s  
3  

sea led ,  25 m /hr  of house a i r  escapes v i a  the  roof-space: t h i s  r a t e  of 

a i r f low i s  r e l a t i v e l y  constant  f o r  wind speeds of up t o  5 m / s .  With a  
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r idge  t i l e  open, the  house-roof a i r f low l i e s  between 25-60 m /hr  f o r  the  

same range of wind speeds. ( I t  should be noted t h a t  the  use of r idge  

v e n t i l a t o r s  with no openings a t  s o f f i t  l e v e l  contravenes B r i t i s h  Standard 

BS 5250: these  r e s u l t s  a r e  included f o r  experimental i n t e r e s t  only) .  

Ridge venti1ator.s a re  highly s e n s i t i v e  t o  wind d i r e c t i o n  a t  low wind 

speeds. A s  wind speed increases ,  so  t h e  d i r e c t i o n a l  influence decreases,  

the  ve loc i ty  of t h e  inc ident  wind predominating. 

House-roof a i r f lows induced by s o f f i t  v e n t i l a t o r s  only can be seen 
3  t o  be between 16-34 m /hr  f o r  wind speeds up t o  5  m / s :  d i r e c t i o n a l  

influences on s o f f i t  v e n t i l a t o r s  a r e  general ly small .  For t h e  same range 

of wind speeds, t h e  use of the  s o f f i t  and r idge  v e n t i l a t o r  combination 
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gives r i s e  t o  a i r f lows  t h a t  a r e  between 45-80 m /hr .  

Figure 6 shows t h e  same da ta  expressed a s  a proportion of t h e  t o t a l  

amount of  e x f i l t r a t e d  house a i r .  This graph implies t h a t  t h e  s o f f i t  and 

r idge  v e n t i l a t o r  combination induces 25% more e x f i l t r a t i n g  house a i r  t o  

leave v i a  the  roof-space than would be the  case when using s o f f i t  

v e n t i l a t o r s  only .  I t  i s  suggested t h a t  t h i s  increased airf low is due t o  

a g r e a t e r  house/roof pressure  d i f f e r e n t i a l  being induced when the  s o f f i t  

and r idge  combination is used. (Figure 7 ) .  

(b) Ef fec t  of k i tchen e x t r a c t  fan on a i r  movement between downstairs 

and u p s t a i r s  

Figure 8 and 9 show the  e f f e c t  of using t h e  k i tchen e x t r a c t  fan on 

the  a i r f lows between u p s t a i r s  and downstairs,  f o r  t h e  case of p reva i l ing  

wind d i rec t ion .  With regard t o  a i r  movement from downstairs t o  u p s t a i r s ,  

i t  can be seen t h a t  switching on t h e  f a n  decreases t h e  a i r f low from 
3 3 130 - 178 m /hr  t o  10 - 30 m /hr .  The a i r f lows with the  fan on do not 

seem t o  be p a r t i c u l a r l y  s e n s i t i v e  t o  increas ing wind speed. Airflows from 

u p s t a i r s  t o  downstairs,  however, whi l s t  not apparently a f fec ted  

s i g n i f i c a n t l y  by t h e  k i tchen e x t r a c t  fan  a t  low wind speeds, show a 

tendency t o  decrease with increas ing wind speeds. I t  is  suggested t h a t  

t h i s  e f f e c t  may be caused by increased a i r  movement t o  the  roof-space, 

and an increased tendency f o r  l'cross-flow" v e n t i l a t i o n  i n  t h e  occupied 

dwelling space a t  h igher  wind speeds. 

(c)  Calcula t ion  of water vapour t r a n s f e r  r a t e s  

Using t h e  c a l c u l a t i o n  method described by sanders4, t h e  r a t e s  of 

water vapour t r a n s f e r  (both by d i f f u s i o n  through t h e  c e i l i n g  and by a i r  

movement) were ca lcu la ted  f o r  t h e  combinations of d i f f e r e n t  v e n t i l a t o r  

types used, assuming uniform temperature d i s t r i b u t i o n  and moisture 

content  wi th in  t h e  occupied zone, f o r  t h e  purpose of preliminary assess-  

ment of the  l i k e l y  r a t e s  of water vapour t r a n s f e r  t o  t h e  roof-space. 

This d a t a  is presented i n  Table 1. For comparison, da ta  due t o  

sanders4 is  included.  Table 1 shows t h a t ,  depending on the  type of roof 

v e n t i l a t i o n  used, moisture input  t o  t h e  roof-space va r i e s  from 61.2 - 
143.5 g/hr. This  means t h a t  the  type of roof v e n t i l a t o r  used can 

approximately double t h e  vapour t r a n s f e r  r a t e  t o  t h e  roof-space. The 



water vapour t r a n s f e r  r a t e s  by a i r  movement t o  t h e  roof-space when 

ven t i l a t ed  by s o f f i t  vents  and t h e  s o f f i t / r i d g e  combination a r e  99.5 g/hr 

and 143.5 g/hr r e spec t ive ly .  This implies t h a t  44 g/hr of water vapour 

t r a n s f e r  i n t o  t h e  roof-space can be ascribed t o  t h e  r idge  t i l e  v e n t i l a t o r .  

Water vapour t r a n s f e r  i n t o  t h e  roof-space can be reduced by th ree  

p r inc ipa l  methods. F i r s t l y ,  by c a r e f u l  use of a vapour b a r r i e r  a t  c e i l -  

ing  l e v e l ,  t h e  water vapour input  t o  t h e  roof-space by d i f fus ion  could, 

i n  theory,  be reduced t o  zero .  In  p r a c t i c e ,  however, the re  w i l l  be 

perfora t ions  i n  t h e  vapour b a r r i e r  caused by wir ing  and pipework enter -  

ing t h e  roof-space, and by poor j o i n t i n g  a t  the  cons t ruct ion  s t a g e .  

Secondly, and most importantly,  c a r e f u l  s e a l i n g  of roof access hatches 

and pipework e n t r i e s  can reduce moisture t r a n s f e r  by a i r  movement t o  the  

roof-space by a s  much a s  75%. F ina l ly ,  i f  t h e  moisture generated i n  a 

dwelling can be removed a t  source using an e x t r a c t  fan ,  a lower house a i r  

moisture content  i s  achieved. The decrease i n  pressure  due t o  t h e  fan 

a lso  has the  e f f e c t  of reducing house t o  roof-space general ly t o  below 
3 

10 m /hr .  

4. CONCLUSIONS 

Ridge t i l e  v e n t i l a t o r s ,  when used i n  combination with s o f f i t  

v e n t i l a t o r s ,  can be seen t o  increase  roof-space v e n t i l a t i o n  r a t e s  by 

approximately 40% over t h e  s o f f i t  only case a t  wind speeds of less than 

2 m / s ,  when problems of  roof condensation a r e  most l i k e l y  t o  occur.  

However, they a l s o  have the  e f f e c t  of inducing house t o  roof-space a i r -  

flows which a r e  approximately 25% g r e a t e r .  From t h e  experimental work 

ca r r i ed  out s o  f a r ,  i t  i s  not poss ib le  t o  s t a t e  ca tegor ica l ly  whether o r  

not t h e  benef i t  of t h e  increased roof-space v e n t i l a t i o n  r a t e  a t  low wind 

speeds i s  outweighed by t h e  increased r a t e  of moisture t o  the  roof-space. 

Current research  involves t h e  inves t iga t ion  of the  e f f e c t  of t i l e  

v e n t i l a t o r s  on roof-space v e n t i l a t i o n  and house t o  roof-space a i r  move- 

ment r a t e s ,  together  with work on s o f f i t  vents  i n  combination with more 

than one r idge  vent .  The new mul t ip le  t r a c e r  gas technique described i n  

(5) and (7) has been re f ined  and va l ida ted  successful ly  f o r  t h e  case  of 

th ree  interconnected ce l l s . '  A mathematical ana lys i s  has been developed 

f o r  t h e  determination of v e n t i l a t i o n  and a i r  movement r a t e s  between four 

interconnected c e l l s .  Calculat ions made from preliminary four t r a c e r  gas 



s i t e  measurements have been encouraging. These improvements i n  a i r f low 

measurement techniques w i l l  enable house t o r o o f - s p a c e  a i r f lows t o  be 

expressed i n  terms of r e l a t i v e  proport ions of a i r  drawn from d i f f e r e n t  

a reas  of the  occupied space,  p a r t i c u l a r l y  those of high moisture 

production such a s  t h e  bathroom and ki tchen.  This w i l l  enable t h e  

influences of s p e c i f i c  types and combinations of roof-space v e n t i l a t o r s  

t o  be more p rec i se ly  ascer ta ined.  
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