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1. INTRODUCTION 

I n  f a c t o r i e s  t h a t  a r e  predominantly n a t u r a l l y  v e n t i l a t e d ,  

the  heat  l o s s  associa ted  with i n f i l t r a t i o n  and v e n t i l a t i o n  can 

account f o r  a l a r g e  proportion of the  t o t a l  heat  loss .  

However, the re  is very l i t t l e  information avai lable  on the  

v e n t i l a t i o n  r a t e s  t h a t  a r e  cu r ren t ly  achieved i n  f a c t o r i e s  i n  

p rac t i ce  and t o  what extent  v e n t i l a t i o n  r a t e s  can be s a f e l y  

reduced i n  order  t o  improve energy ef f ic iency.  

To provide such information w a s  one of the  objec t ives  of the  

Welsh School of Archtecture 's  Factor ies  Research Programme.* 

Part  of t h i s  Programme is  concerned with designing and 

const ruct ing  f a c t o r i e s  t o  have lower a i r  i n f i l t r a t i o n  r a t e s  i n  

order  t o  reduce energy running c o s t s  while a t  the same t i m e  

na in ta in ing  adequate v e n t i l a t i o n  f o r  occupants heal th  and 

safe ty .  

This paper descr ibes  a s e r i e s  of v e n t i l a t i o n  measurements 

ca r r i ed  out i n  two small fac tory  un i t s  s i t u a t e d  on an i n d u s t r i a l  

e s t a t e  i n  Newport, South Wales- One of the  f a c t o r i e s  i s  typ ica l  

of current  design, and the o ther  is  designed t o  be of g r e a t e r  

energy e f f i c i ency  i n  terms of increased l e v e l s  of insu la t ion  and 

reduced a i r  i n f i l t r a t i o n  ra t e .  The f a c t o r i e s  were designed and 

a r e  owned by the  Welsh Development Agency. 

The measurement programme was a col labora t ive  venture 

involving the  Welsh School of Architecture (R&D) and B r i t i s h  Gas 

(Watson House). 

*The Welsh School of Archi tec ture ' s  Factor ies  Research Programme 
c o n s i s t s  of a s e r i e s  of Research, Development and Demonstration 
p ro jec t s  i n  f a c t o r i e s ,  j o i n t l y  funded by the  Welsh Development 
Agency, the  Energy Technology Support Unit, the  Science and 
Engineering Research Council and B r i t i s h  Gas, under the d i r e c t i o n  
of Professor P .Em 0' Sul l ivan 



2. EXPERII.IENTAL DESIGN 

2.1 Descript ion of Factor ies  

De ta i l s  of the  two f a c t o r i e s ,  which w i l l  be referred t o  a s  

Factory 1 and Factory 2, a re  a s  follows: 

Factory 1: The 'standard designq fac tory  (i.e. designed t o  P a r t  

FF of the  UK Building Regulations) (Ref. 1) has a 

production f loor  area  of 230m2 and a volume of 

1300m3. The wall and roof construction is  of 

l ightweight  insula ted  cladding U-value 0. ~ w / ~ ~ / o c ,  
with an uninsulated r o l l e r  s h u t t e r  loading door. A 

v e n t i l a t i o n  r a t e  of 2 a i r  changes per hour was 

assumed for  s i z ing  the  heating system. 

Factory 2: The 'new design' f ac to ry  with 'low energy' f e a t u r e s ,  

has  a production f l o o r  area of 160m2, and volGme of 

810m3. The walls a r e  of a so l id  construction and 

wa l l  and roof U-values a r e  0. 3 5 ~ / m ~ / " ~ .  P a r t i c u l a r  

emphasis has been placed on designing a r e l a t i v e l y  

' a i r  t i g h t '  construction e.g. by eliminating cracks 

a t  wall and roof jo in t s  and by f i t t i n g  a well sealed 

loading door. A v e n t i l a t i o n  r a t e  of 1 a i r  change per 

hour was assumed for  s i z ing  the  heating system (an 

assumed 50% reduction from the  k tandard  design').  

The design day heat losses  fo r  the two fac to r ies  a r e  given 

i n  Table 1. 

Table 1 Design day heat  l o s s  (kW) ( fo r  an in te rna l l ex te rna l  
temperature d i f fe rence  of 20°C) 

FABRIC VENTILATION TOTAL 

FACTORY 1 11.4 14.9 26.3 

FACTORY 2 6.5 5.5 12.0 

Figure 1 shows the  f loor  plans of the  f a c t o r i e s  and Figure 2 

the s i t e  layout .  



2,2 Project  Objectives 

The object ives  of the  projec t  were a s  follows: 

( i )  t o  determine the i n f i l t r a t i o n  r a t e  of Factory 1 
under a range of weather condit ions 

( i i )  t o  obta in  s u f f i c i e n t  information for  an assessment 
of the  ef fec t iveness  of the improved seal ing of 
Factory 2 

( i i i )  t o  determine the  influence of roof vents and 
sea l ing  of loading bay doors on ven t i l a t ion  and 
i n f i l t r a t i o n  ra tes .  

2.3 Measurement Programme 

The v e n t i l a t i o n  measurements were ca r r i ed  out by B r i t i s h  

Gas (Watson House) during one week i n  March 1984. 

Two types of measurement were made i n  Factory 1 (ven t i l a t ion  

r a t e  and a i r  leakage, see below), but only a i r  leakage was 

measured i n  Factory 2. Both f a c t o r i e s  were unoccupied a t  the  

time. Factory 1 was heated with temporary e l e c t r i c  convectors. 

Factory 2 required no heating. 

The a i r  leakage of a building i s  much quicker and e a s i e r  t o  

measure than the  v e n t i l a t i o n  r a t e .  It is simply a matter of 

pressur is ing the building t o  a speci f ied  l e v e l  using a l a rge  fan. 

The flow r a t e  required t o  achieve the spec i f i ed  pressure is the  

leakage a t  tha t  pressure,  and the  leakage can be considered a s  an 

indicat ion of the v e n t i l a t i o n  po ten t i a l  of the  building. However 

leakage and v e n t i l a t i o n  r a t e  a r e  not simply r e l a t e d ,  because the  

former depends only on the s i z e  of the openings, whereas t h e  

l a t t e r  a l s o  depends on the  posi t ion  of the  openings and on 

meteorological condit ions* Furthermore, t o  obta in  acceptable 

accuracy leakages have t o  be measured a t  pressures which a r e  much 

higher than those encountered with na tu ra l  ven t i l a t ion ,  which 

means tha t  ext rapola t ion of flow c h a r a c t e r i s t i c s  is required t o  

r e l a t e  v e n t i l a t i o n  rates to  leakage. For these  reasons the  value 

of leakage measurements alone f o r  drawing quan t i t a t ive  

conclusions (as  d i s t i n c t  from q u a l i t a t i v e  conclusions) about 

v e n t i l a t i o n  is  s t i l l  open to  question. An example of the  s o r t  of 

problem which can be encountered w i l l  be seen i n  Section 4.4. 



3. MEASUREMENT TECHNIQUES 

3.1 Ven t i l a t ion  Rates 

The Watson House "Autovent" system was used t o  monitor 

v e n t i l a t i o n  r a t e s  by the  constant concentrat ion technique. 

Although the  system was o r i g i n a l l y  developed f o r  mult i-cel l  

dwellings, s p e c i a l  tests ca r r i ed  out i n  the  present  fac tory  and 

e a r l i e r  i n  another building have indicated t h a t  it is equal ly  

s u i t a b l e  fo r  l a rge  open-plan bui ld ings  (see  Ref. 3 for  a 

desc r ip t ion  of the  system and the  t e s t s ) .  A r t i f i c i a l  mixing was 

provided by seventeen desk fans,  s i x  of which were placed a t  high 

l e v e l .  The temporary e l e c t r i c  fan  hea te r s  a l s o  enhanced t h e  

mixing. 

Most measurements were made with N20 a s  the  primary t r a c e r  

gas ,  but i n  some cases  SF6 was used (with somewhat l e s s  

accuracy, see Ref. 3) *  

I n t e r n a l  temperatures, ex te rna l  temperature and wind speed 

and d i r e c t i o n  were monitored by the  Autovent system. The wind 

anemometer was s i t u a t e d  on a mast a t  a height  of 1Om within a few 

metres of Factory 1. This w a s  some dis tance  from the permanent 

UWIST weather tower (see  Figure 2).  

3.2 A i r  Leakage 

Air leakage r a t e s  were measured using t h e  Watson House 

Leakage Tester .  This too was o r i g i n a l l y  developed fo r  houses, 

but  i t  can be applied t o  l a r g e r  buildings simply by using more 

than one u n i t .  Three u n i t s  were i n  f a c t  employed t o  p ressur i se  

the  f a c t o r i e s ,  a s  shown i n  Figure 3. 

Each u n i t  cons i s t s  of a c y l i n d r i c a l  duct  mounted on l a r g e  

wheels f o r  manoeuvrability. The entrance t o  the  duct i s  a 

bellmouth i n l e t  followed i n  the  downstream d i r e c t i o n  by a 

"Wilson" flow gr id  (Ref. 4 ) ,  a honeycomb flow s t r a igh tener  and a 

variable-speed a x i a l  fan. The u n i t  was s p e c i a l l y  designed fo r  

leakage measurements with the  aims of achieving an instrument 

which could be used by inexperienced personnel,  and which gave 

r e l a t i v e l y  high accuracy. An important cont r ibut ion  t o  achieving 

these aims is the choice of a proper flow measuring device, 



r a t h e r  than simply measuring fan  speed. The flow grid has t h e  

add i t iona l  advantages t h a t  i t  is  r e l a t i v e l y  insens i t ive  t o  

upstream condi t ions ,  and has a l a r g e  pressure output and a low 

pressure loss .  The flow r a t e  through the  un i t  is obtained from a 

c a l i b r a t i o n  curve supplied by the  manufacturers. 

A maximum flow r a t e  of 1 .0m3/s can genera l ly  be achieved, 

depending on the r e s i s t ance  of the  f l e x i b l e  duct used t o  connect 

the  u n i t  t o  the  opening i n  the  building.  

4* RESULTS 

4.1 I n f i l t r a t i o n  r a t e s  of Factory 1 

Figure 4 shows the  i n f i l t r a t i o n  r a t e s  measured i n  

Factory 1 i n  i ts  bas ic  condit ion ( s o l i d  symbols) a s  a function of 

the  half-hour average wind speed 3. The ranges encountered of 

the  average temperature d i f fe rence  AT and the  wind d i r e c t i o n  Jd 

a r e  respect ive ly  8.6 t o  l l . l ° C  and 25 t o  90° ($ i s  defined i n  

Figure 2). 

The r e s u l t s  show t h a t  the  i n f i l t r a t i o n  r a t e  i s  s t rongly  

dependent on wind speed when it exceeds 2.5 m / s  (and AT 4 11°C). 

Greater s e n s i t i v i t y  i s  t o  be expected f o r  wind d i rec t ions  i n  the  

range of 340° t o  20°, because the  north s i d e  of the fac tory  is  

r e l a t i v e l y  exposed (see Figure 2 ) -  

The wind speed i s  continuously monitored by UWIST on t h e  

s i t e  and Figure 5 shows the  frequency d i s t r ibu tuon  of ii over a 

heat ing season (1984-85). Using these r e s u l t s  i t  is possible t o  

es t imate  t h e  average i n f i l t r a t i o n  r a t e  over the  period. For wind 

speeds g r e a t e r  than 2.5 m / s  i t  is assumed t h a t  the  i n f i l t r a t i o n  

r a t e  is  d i r e c t l y  proport ional  t o  wind speed, and f o r  lower speeds 

it is assumed t h a t  the  i n f i l t r a t i o n  r a t e  is  constant and equal t o  

1.25 h'l. (This l a t t e r  value is  taken a s  the  r a t e  

corresponding t o  a temperature d i f fe rence  of about 10 degrees 

Centigrade). On t h i s  bas is ,  the  seasonal average i n f i l t r a t i o n  

r a t e  i s  approximately 1.4 h-Is with i n f i l t r a t i o n  r a t e s  

exceeding 2.0 h-I f o r  approximately 10% of the  heating 

season. 



4.2 Leakages of Factor ies  1 and 2 

The leakages of the  two f a c t o r i e s  i n  t h e i r  basic form a r e  

shown i n  Figure 6. It is immediately apparent tha t  the leakage 

of Factory 2 i s  much less than t h a t  of Factory 1, which ind ica tes  

t h a t  the new design has a s i g n i f i c a n t l y  lower l e v e l  of 

i n f i l t r a t i o n .  

It is not poss ib le  t o  evaluate  precise ly  the  d i f ference  i n  

leakage between the  two f a c t o r i e s ,  because Factory 1 was so leaky 

t h a t  an a i r  flow r a t e  Q of 3 m 3 / s  only produced a pressure 

d i f ference  Ap of about 6 Pa. Po ten t i a l  e r r o r s  i n  dp  a r e  

therefore  q u i t e  l a rge ,  a s  indicated by the  bars  on the  r e s u l t s  i n  

Figure 6. The uncertainty is  mainly due t o  pressure 

f luc tua t ions .  When the  same test was carr ied  out under more 

windy condit ions,  a mean dp of about 10 Pa was recorded, but the  

u n c e r t a i n t i e s  a r e  much l a rge r  and t h i s  r e s u l t  has not been 

included. 

Nevertheless it can be said t h a t  the  bas ic  leakage of 

Factory 1 is very approximately four times t h a t  of Factory 2, and 

t h i s  value can be used f o r  i l l u s t r a t i v e  purposes. By making the  

common assumption t h a t  leakage and i n f i l t r a t i o n  r a t e s  behave i n  

the  same way and taking i n t o  account the d i f f e r e n t  volumes of the  

two buildings,  the  seasonal average i n f i l t r a t i o n  r a t e  can be 

estimated a s  0.6 h- l -  This a l s o  assumes of course t h a t  the  

average wind pressure d i s t r i b u t i o n s  on the  two buildings are 

s imi lar .  In  view of the s imi la r  o r i en ta t ions  of the buildings 

and t h e i r  surroundings (see Figure 2), t h i s  assumption might be 

reasonable. However, whatever the  e f f e c t  of t h i s ,  one can s t i l l  

a n t i c i p a t e  a l a rge  reduction of i n f i l t r a t i o n  heat loss  i n  the  new 

design of fac tory ,  

4.3 Sealing loading bay door 

In  Factory 1 t h e  e f f e c t  of sea l ing the  loading bay door 

was inves t igated  with the Autovent system and the  leakage 

t e s t e r .  Figure 4 shows the  subs tan t i a l  reduction i n  i n f i l t r a t i o n  

r a t e  which was observed ( ~ 4 5 % ) .  The leakage r e s u l t s  i n  Figure 6 

a r e  consis tent  with t h i s  observation, but f o r  the reasons given 



above, i t  is not poss ib le  t o  evaluate a f i g u r e  f o r  the  reduction. 

It should perhaps be noted t h a t  the  two r e s u l t s  i n  Figure 6 are 

consecutive measurements ( i t  took only a few seconds t o  remove 

the  sea l ing)  i n  order  t o  minimise e r r o r s  i n  t h e i r  comparison. 

Visual observation of the  door showed a l a rge  opening a t  the  top 

with gaps down the  s ides  and the  door i t s e l f  

I n  Factory 2 only leakage measurements were made, but they 

a r e  much more prec ise .  It can be seen from Figure 6 t ha t  s e a l i n g  

the  door reduced the  leakage a t  50 Pa by a small amount (-10%)- 

This confirmed expectat ions from v i s u a l  observations tha t  the  

loading door of Factory 2 was much less leaky than t h a t  of 

Factory 1. 

4.4 Ef fec t  of roof vent 

The measured e f f e c t  of the  roof vent on the  i n f i l t r a t i o n  

r a t e  of Factory 1 is shown i n  Figure  7. The r e s u l t s  were 

obtained during a s i n g l e  t e s t  period with the  vent being open a t  

the beginning and the  end of the  run. In t h i s  way the inf luence  

of the  changes i n  weather condit ions was minimised* Hence the  

observed increase  i n  i n f i l t r a t i o n  of 20% should be due s o l e l y  t o  

the  e f f e c t  of the  vent under the  prevai l ing  t e s t  condit ions (AT- 

1 0 ~ 5 ~ ~ ~ f d . u  38', 4diT<6m/s). 

The e f f e c t  of opening the vent  on the  leakage of Factory 2 

i s  shown i n  Figure 6- A t  a p ressu r i sa t ion  of 50 Pa there  is  an 

increase  of approximately 12%. One would expect the  percentage 

t o  be l a r g e r  a t  the  lower pressures,  but t h i s  is d i f f i c u l t  t o  

de tec t  i n  the  r e s u l t s  due t o  s c a t t e r  i n  the  measurements. This 

s c a t t e r  is p a r t i c u l a r l y  s i g n i f i c a n t ,  because we a r e  deal ing with 

the  small d i f f e rence  of two l a r g e  flow rates. 

The d i f f e r e n t  types of r e s u l t  obtained i n  the  two f a c t o r i e s  

a r e  of i n t e r e s t ,  because the  roof vents a r e  nominally i d e n t i c a l -  

Bearing i n  mind t h a t  Factory 1 is much l e a k i e r  than Factory 2, 

one would expect t h e  e f f e c t  of t h e  roof vent on the  leakage of 

Factory 1 t o  be much l e s s  than 12% ( the  value observed i n  

Factory 2 ) -  A value of less than 5% i s  probably t o  be expected, 

yet  the observed e f f e c t  of the vent on i n f i l t r a t i o n  r a t e  is  much 

l a r g e r  than t h i s  (20%)- There a r e  two l i k e l y  explanations f o r  

t h i s .  



The f i r s t  is t h a t  the flow c h a r a c t e r i s t i c s  of the vent and 

the remaining (advent i t ious)  openings are  considerably d i f f e r e n t .  

The vent w i l l  tend t o  follow a simple square law so t h a t  i t s  

r e l a t i v e  contr ibut ions  to  the t o t a l  flow w i l l  be greater  a t  t h e  

lower values of Ap. 

The second explanation is  t h a t  the a i r  vent i s  s i tua ted  i n  a 

pos i t ion  which w i l l  maximise its e f f e c t  on i n f i l t r a t i o n  i .e. 

high negative pressures due t o  the  wind ( f o r  a l l  wind d i rec t ions )  

and maximum height  for  buoyancy. The e f f e c t  on leakage is  of 

course not dependent on the wind o r  buoyancy. 

It would seem therefore  t h a t  the  r e s u l t s  a r e  a manifestat ion 

of the importance of the leakage d i s t r i b u t i o n  t o  the 

determination of v e n t i l a t i o n  r a t e ,  a t  l e a s t  a s  f a r  as  a i r  vents  

a r e  concerned. The r e s u l t s  lend support t o  t h e  arguments f o r  

t r ea t ing  air vents separa te ly  i n  predict ion methods (even 

s ingle-cel l  methods) a s  discussed i n  Reference 5. 

5. DISCUSSION 

Referring t o  the  object ives  of the  v e n t i l a t i o n  measurement 

programme out l ined i n  Section 2.2, the following has been 

achieved : 

( i )  The i n f i l t r a t i o n  r a t e  of Factory 1 has  been measured 

under a l imited range of weather conditions. The f i r s t  

ob jec t ive  can never be completely s a t i s f i e d  because of 

the wide range of possible weather conditions and the  

l imi ted  period over which it  is  p r a c t i c a l l y  possible t o  

carry  out the measurements. Nevertheless with modest 

temperature d i f ferences  i t  has been established t h a t  

wind speed is an important determinant of the  

i n f i l t r a t i o n  of Factory 1. It i s  a p i t y  tha t  the  wind 

d i r e c t i o n  did not change more during the measurement 

period because the  d i rec t ions  of g r e a t e s t  influence 

were probably not experienced. The estimated seasonal  

average i n f i l t r a t i o n  r a t e  is 1 .4  h-I, and i t  can be 

deduced from Figures 4 and 5 tha t  r a t e s  i n  excess of 

2.0 h-l can be expected t o  occur only about 10% of 

t h e  t i m e -  The design value of 2.0 h-I used by the  



Welsh Development Agency f o r  s i z ing  the  heating system 

is thus not unreasonable. 

( i i )  The o v e r a l l  e f fec t iveness  of the  improved seal ing of 

Factory 2 has been assessed from the  v e n t i l a t i o n  

measurements carr ied  out i n  both fac to r ies .  The 

leakage measurements i n d i c a t e  t h a t  the improved 

const ruct ion of Factory 2 has  been very e f fec t ive  i n  

reducing leakage- It is not possible t o  s t a t e  

accura te ly  the reduction fac to r  f o r  the  leakage, and 

the re  a r e  greater  uncer ta in t i e s  about the reduction of 

i n f i l t r a t i o n  ra te .  It does however appear possible 

t h a t  the  seasonal average i n f i l t r a t i o n  r a t e  fo r  

Factory 2 i s  about 0.6 h-1, I f  so ,  the  design 

value of 1.0 h-I used by the Welsh Development 

Agency fo r  s i z ing  the  heating system is  again n o t  

unreasonable. 

( i i i )  The inf luence  of components, i.e. roof vents and 

loading doors, on the  overa l l  v e n t i l a t i o n  and 

i n f i l t r a t i o n  r a t e s  has been measured. Much but not  a l l  

of the reduced leakage i s  probably associated with the  

improved loading bay door. Complete seal ing of the  

door i n  Factory 2 almost halved the  i n f i l t r a t i o n  r a t e ,  

but i t  was not possible t o  determine accurately t h e  

e f f e c t  on the leakage. This is unfortunate, because 

the re  is evidence from the  observed e f f e c t s  of roof 

vents t h a t  changes i n  leakage and i n f i l t r a t i o n  a r e  f a r  

from i d e n t i c a l .  When assessing the  cost-effect iveness 

of a sea l ing measure it is the reduction of 

i n f i l t r a t i o n  r a t e  which is  important. Thus i t  is 

possible tha t  the improved loading door of Factory 2 i s  

much more cost-effect ive tha t  the  o ther  sea l ing 

measures applied* This would c e r t a i n l y  seem t o  be t h e  

case f o r  Factory 1, because the  cos t  of sea l ing the  

loading door would probably be much smaller than t h e  

cos t  of reducing t h e  i n f i l t r a t i o n  r a t e  by seal ing the  

fabr ic .  One reason fo r  t h i s  i s  simply tha t  the re  were 

very obvious gaps i n  the  door but no obvious gaps i n  

the remaining fabr ic  of the building.  



6. CONCLUSIONS 

6.1 The seasonal average i n f i l t r a t i o n  r a t e  of the standard 

design of f ac to ry  (Factory 1 )  has been estimated a s  1.4 h-l. 

I n f i l t r a t i o n  is s e n s i t i v e  t o  wind speed and r a t e s  a s  high a s  

2.5 h'l can be expected a t  wind speeds of about 6 m / s ,  but 

only inf requent ly .  In view of t h i s ,  the design value used by the  

Welsh Development Agency f o r  s i z i n g  the  heat ing system 

(2  - 0  hml) is not unreasonable. 

6.2 The improved const ruct ion  (see  2.1) of the  new design of 

fac tory  has been very e f f e c t i v e  i n  reducing the  leakage. The 

reduction of i n f i l t r a t i o n  r a t e  has not been measured, but a very 

approximate es t imate  of the  seasonal average i n f i l t r a t i o n  r a t e  of 

Factory 2 i s  0.6 h- le  This suggests  t h a t  the  design value of 

1.0 hml used f o r  s i z i n g  the  heat ing system i s  a l so  not 

unreasonable, 

6.3 Sealing the  loading bay door of Factory 1 reduced the  

i n f i l t r a t i o n  r a t e  by 45% and is po ten t i a l ly  a very cos t -ef fec t ive  

measure. The gaps i n  t h i s  door were v i s u a l l y  obvious, but the  

remaining gaps i n  the  f a b r i c  of the  building were not and 

e f f e c t i v e  sea l ing  of them i s  probably more d i f f i c u l t .  

6.4 There i s  evidence t h a t  the  e f f e c t  of a roof vent on 

i n f i l t r a t i o n  r a t e  is  much l a r g e r  than its e f f e c t  on leakage- For 

Factory 1 t h e  v e n t i l a t i o n  r a t e  was increased by 20% whereas the  

estimated e f f e c t  on leakage ( a t  high pressure)  is l e s s  than 5%. 

Thus although leakage measurements a r e  much e a s i e r  than 

v e n t i l a t i o n  measurements, care is needed i n  t h e i r  i n t e r p r e t a t i o n .  

The basic reasons f o r  t h i s  a r e  given i n  Section 2.3 

7 * I~LICATIONS 

7.1 It is poss ib le  t o  successful ly  carry out  v e n t i l a t i o n  

measurements i n  f a c t o r i e s  of the  s i z e  and nature  a s  described i n  

t h i s  paper using the  Autovent technique. 



Corresponding a i r  leakage measurements become more 

d i f f i c u l t ,  i n  terms of maintaining accuracy, a s  the fac tory  

becomes r e l a t i v e l y  ' leaky' .  To maintain the  same leve l  of 

accuracy i n  Factory 1 ( a  ' leakyq fac tory) ,  a s  i n  Factory 2, a i r  

flow r a t e s  of up t o  9m3/s (3  x the  current  equipment maximum) 

would be required. This would mean e i t h e r  more fans or  more 

powerful fans,  both options involving p r a c t i c a l  implementation 

problems. 

7.2 Large reductions i n  air i n f i l t r a t i o n  r a t e s  can be achieved 

by using 'high performance' components e .g- w e l l  sealed loading 

doors. This information i s  important when designers a re  

considering ways of reducing a i r  i n f i l t r a t i o n .  It is e a s i e r  t o  

speci fy  a high performance component than it  i s  t o  design an  

' a i r - t igh t '  construction.  

7.3 With reduced i n f i l t r a t i o n  r a t e s  adequate v e n t i l a t i o n  can 

be achieved by n a t u r a l  leakage together with a s ingle  roof , 

v e n t i l a t o r ,  fo r  f a c t o r i e s  occupied by light-engineering/service 

industry firms. During the summer v e n t i l a t i o n  r a t e s  can be 

increased by opening the  loading door. For processes t h a t  

produce excessive l e v e l s  of heat /pol lu tants  i n  winter and/or i f  

t h e  loading door cannot be l e f t  open i n  summer ,  then addi t ional  

v e n t i l a t i o n  must be provided e i t h e r  na tu ra l ly ,  using increased 

vent areas ,  o r  mechanically. It a l s o  important when using d i r e c t  

f i r e d  gas systems to  comply with the  regula t ions  (UK Standards, 

BSI - BS5440) with regard t o  the  provision of permanent 

ven t i l a t ion .  

7.4 It i s  important t o  d i f f e r e n t i a t e  between values of a i r  

change r a t e  used t o  s i z e  heating systems and those used t o  

ca lcu la te  seasonal energy t a rge t s .  Results  ind ica te  tha t  the  

seasonal average i n f i l t r a t i o n  r a t e  of the f a c t o r i e s  is  between 60 

and 70% of the design value- 



7.5 Care is  needed when drawing conclusions about v e n t i l a t i o n  

r a t e s  from leakage measurements alone. For acceptable accuracy 

i t  might be necessary t o  take account of addi t ional  f ac to r s ,  such 

a s  wind pressures. 
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