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SUMMARY 

The general  p r i n c i p l e s  f o r  v e n t i l a t i o n  systems a r e  now well e s t ab l i shed  

bc t  increased i n t e r e s t  i n  s a f e t y  and r e l i a b i l i t y  and t h e  cons tant  need 

t o  reduce exposure has l e d  t o  more d e t a i l e d  examination of a number of 

elements of v e n t i l a t i o n  systems. 

This paper considers  four  such elements,  namely: 

1) Back d i f f u s i o n  through s l o t s  

2 )  F i r e  dampers and spark a r r e s t o r s  

3)  Circu la r  HEPA f i l t e r s  

4 )  In - s i tu  t e s t i n g  of f i l t e r s  
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1 BACK DIFFUSION THROUGH NARROW GAPS 

1.1 Introduction 

In a number of concrete cells there are large plug doors which are 

removed to provide access into the cell. These doors are not usually 

sealed and the inward velocity of air through the narrow gap provides 

the containment and prevents the egress of contamination from the cell. 

It has been shown experimentally that for larger openings such as 

fume cupboards a mean velocity of air of 1.0 m/s is adequate to prevent 

induced flow outwards but a literature search failed to reveal any 

published evidence that such a figure can be used to prevent back 

diffusion through narrow slots such as those round cell doors which 

are typically only a few mm wide. 

1.2 Flow through openings 

This problem was considered by Andrew Metcalfe at AERE ~arwe11") 

and by using the flow equation for streamlined flow he produced the 

graph which is shown at Fig 1. 

The graph plots pressure differences against slot width for different 

flow velocities and it is clearly seen that as slot width reduces a 

very much greater pressure difference is required to maintain air 

velocity through the slot. 

Although this is a result one would expect it also shows that for 

slot widths of less than 2 mm it becomes impossible with normally 

accepted pressure differences to induce an air velocity of 1 m/sec 

through the opening. The question must then be asked whether the 
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inability to maintain such a velocity is of any consequence or is 

the slot so narrow that adequate and acceptable containment is 

provided. 

1.3 Back diffusion through slots 

A.Metcalfe has developed his case and arrived at a formula giving 

the concentration at the operating face of the opening. 

2 
CO = 0.371 D Cmax 

2 2 
L v 

3 
where CO = concentration outside slot @Ci/cm 

D 
2 

= coefficient of diffusion (cm /S) 

3 
Cmax = concentration inside slot +Ci/crn ) 

L = length of crack (cm) 

V = velocity in crack (cm/s) 

The result from this equation can be compared with the Derived Air 

Concentration (DAC) for the material under consideration. 

Example 1 

Consider the case of pure tritium within the cell and a flow rate 

through the crack of 5.08 cm/s (l0 ft/min). 

The concentration within the cell obtained from the decay curve of 

3 
tritium is 1.31 Ci/crn . 

as the DAC is 2 x 10-~ (Ref 2 )  then for a concentration less than the 

allowable, the concentration must be less than 
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1 part per 0.251 - 
2 K5 

1 part per 12,550 

Example 2 

If we consider an aerosol of plutonium with a maximum concentration 

-8 3 
of 140 X 10 p~i/cm (Ref 3 )  in the cell assuming an aerosol size of 

2 microns then 

-7 2 
D = 1.4 X 10 cm /S (ref 4 )  

then 

as the allowable is 2 x 10-~~,U~i/crn~ (Ref 21, this is satisfactory. 

It is therefore possible to specify a maximum concentration within 

a cell so that the concentration in air at the crack opening is less 

than the DAC. 



2 FIRE PROTECTION 

2.1 Introduction 

The design and operation of ventilation systems plays an important 

role in maintaining the safety of a facility in the event of fire. 

It has become apparent that a number of facilities built some years 

ago do not meet the requirements of the latest Building Regulations 

which specify fire compartments, fire resistance of structures 

and escape routes. 

When theseareas are refurbished due account must be taken of the 

latest regulations and the ventilation system must satisfy these 

requirements by careful positioning of fire dampers and removal 

of smoke as far as it is compatible with proper radiological 

protection. Any conflict must be resolved by consideration of the 

relative hazards. 

It is not the intention of this paper to discuss the hazard analysis 

but rather to consider some practical aspects of equipment such as 

fire dampers and spark arrestors. 

2.2 Fire dampers 

Where the ventilation ductwork penetrates fire barriers it is 

necessary that fire dampers should be fitted with the same fire 

resistance as the barriers but where hot labs are concerned it is 

not acceptable for them to shut automatically in the event of fire. 

It may be preferable to maintain ventilation to clear smoke or 

contamination and it is therefore necessary for the fire and 



incident officers to have the capability of opening and closing 

fire dampers from a remote location. 

If operation is from a remote location it is highly desirable that 

the damper position should also be indicated at the same remote 

location so that the incident officers can tell at a glance the 

state of the dampers. 

Although remote operation is specified there is also the need to 

provide means of operation local to the damper as a last resort if 

the remote operation fails for some reason. 

It is also undesirable for fire dampers to be actuated under fault 

conditions such as supply failure and any such faults should not 

cause the damper to move. 

In practical terms the above requirements lead one to specify 

either an electric motor drive or pneumatic activator but whichever 

is used it is essential that they satisfy the above requirements 

of 

no automatic operation 

damper position unchanged under fault conditions 

local and remote operation 

damper position indicated 

dampers can be closed individually 

In addition to these operational requirements the construction of 

the damper must also 

resist corrosion 



have the same gas tightness as the duct 

allow dampers to close even after they have expanded 

maintain same fire resistance as barrier in which they are fitted 

Although we have said above that the damper is fitted in the fire 

barrier this is not possible when the damper operating gear is 

external to the ductwork and should be readily accessible. In 

these circumstances the fire damper is located away from the fire 

barrier as shown on Fig 2 and the section of duct between damper 

and wall is properly insulated to the same resistance as the 

barrier. 

Fire dampers are not necessary in ducts which are as fire resistant 

over their whole length as the structure through which they pass. 

2.3 Spark Arrestors 

It is also apparent that the older installations do not always 

provide proper protection to the filters in the case of the 

ventilation duct carrying glowing particles to the filter. 

Many installations have long lengths of ductwork between the 

potential source of fire and the filter which would allow incandescent 

debris to cool before reaching the filter but where attempts have been 

made to provide added protection in the form of spark arrestors these 

have frequently been positioned too close to the filter to be effective. 

This state of affairs has not been helped by the diagram in UKAEA 

Code of Practice AECP 1054 which shows a spark arrestor immediately 

preceding a HEPA filter nor by the UKAEA specification AESS 30/93700 
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which allows the spark arrestor frame to be clamped directly to the 

main filter and states that "the specification covers a non-combustible 

panel which, when placed upstream of an absolute filter prevents 

glowing embers and large Particles of containment from reaching the 

filter insert". 

Amendments to these documents will emphasise the need for cooling 

lengths between the spark arrestor and filter and will indicate that 

the preferred form of spark arrestor is a simple BS 40 mesh which is 

sited at least 6.4 m upstream of the HEPA filter to allow time for 

penetrating sparks to burn out. This distance is related to an 

air velocity of 4 m/s and would need to be greater at higher 

velocities. 

NB The aperture size of BS 40 mesh is 0.35mmand the screening area 

is about 35 to 40%. 

Spark arrestors are now installed either in a separate chamber some 

distance upstream from the HEPA filters, or immediately downstream 

of a preceding filter or at the entry to the extract ductwork, as 

shown on fig 3. 

These spark arrestors are constructed to have a very low filter 

efficiency in order to avoid the need for periodic replacement and 

the associated disposal problems and whereas filters are arranged 

for a downward flow to maximise retention of particles the flow 

through the spark arrestor should have no downward component to 

help make it self-cleaning. 



3 CIRCULAR FILTERS 

3.1 Introduction 

An assessment of the problems associated with the installation, 

removal and ultimate disposal of standard deep-pleat rectangular 

filters has highlighted the need for alternative designs of filter 

inserts for remote change filter systems where high levels of 

alpha, beta, gamma activity can be expected. The main disadvantages 

of the standard filter insert result from its physical shape 

The rectangular filter is difficult to handle and position remotely, 

requires a high degree of flatness for the sealing face of the 

housing, is difficult to post into and out of a containment and 

produces severe problems in terms of its ultimate disposal into the 

standard 200 litre drum currently used by the UK nuclear industry. 

An examination of alternative filter geometries highlighted several 

advantages for filters of circular geometry. These are:- 

1. Circular filters would be compatible with developed double-lid 

posting and containment systems. 

2 .  Circular filters would be compatible with existing waste 

treatment facilities and disposal routes based on 200 litre drums 

without breakdown or physical manipulation. 

3. Circular filters could be sealed into the housings with circular 

seal rings onto cylindrical sealing surfaces which would be easy 

to generate to the required tolerances and surface finishes. They 

could be designed such as to require no mechanical clamping systems 

to effect a seal between filter and housing. 

4. Circular filters would be easier to handle and move remotely. 



5 .  Appropriate design considerat ions would lead t o  c y l i n d r i c a l  

f i l t e r s  s i q i f i c a n t l y  weaker in  s t rength  than conventional 

rectangular  f i l t e r s  with subsequent ease of volume reduction by 

crushing p r i o r  t o  ul t imate d isposal  should t h i s  be requi red .  

Examination of current  f i l t e r  manufacturing technology and exper t i se  

suggested t h a t  production of r a d i a l  flow ca r t r idge  f i l t e r s  of HEPA 

standard was e n t i r e l y  f e a s i b l e .  Some companies had been producing 

3 high i n t e g r i t y  f i l t e r s  of t h i s  type with r a t i n g s  up t o  2 0 0  m /h fo r  

some time, and with t h e  wider introduction of manufacturing capab i l i ty  

f o r  p lea ted  panels a s  used i n  high-capacity f i l t e r s  no d i f f i c u l t i e s  

3 
were an t i c ipa ted  i n  s ca l ing  up t o  1700 m /h and beyond. A t yp ica l  

f i l t e r  i s  shown i n  Fig 4 .  

3 .2  Development of F i l t e r  Inse r t s  

It was an t i c ipa ted  t h a t  a  range of f i l t e r  s i z e s  would be required 

with a maximum physical s i z e  being l imi ted  by t h e  need t o  dispose 

of the  f i l t e r s  i n t o  t h e  standard 200 l i t r e  waste drum. The a i r  flow 

3 
r a t e  associa ted  with t h a t  f i l t e r  was seen a s  being 1700 m /h. These 

c r i t e r i a  were met with a f i l t e r  i n s e r t  measuring 500 mm by 620 mm 

3 
long, the  d i f f e r e n t i a l  pressure a t  1700 m /h being 250 Pascals .  

However, during t h e  development programme considerable i n t e r e s t  was 

expressed by p lan t  designers i n  a  high capacity f i l t e r  with a r a t ed  

3 3 
flow of 3000 m /h o r  3400 m /h i n  l i n e  with the  high capaci ty  mini 

p l e a t  f i l t e r s  of rectangular  geometry. 

3 
To date ,  t h i s  lower value of 3000 m /h a t  a  pressure drop of 230 

Pascals  has been achieved with a f i l t e r  s i z e  of 530 mm diameter by 



3 
620 mm long. Development of the  f u l l  3406 m /h f i l t e r  i s  progressing,  

but r e l i e s  on the  development of machinery t o  produce a f u l l  100 mm 

deep-pleated f i l t e r  panel from which the  ca r t r idge  i s  made. 

Preliminary work has been c a r r i e d  out  t o  assess  the  v i a b i l i t y  of 

volume reduction of the  f i l t e r  p r i o r  t o  d i sposa l .  I t  has been shown 

t h a t  t h e  f i l t e r  can be reduced t o  approximately one q u a r t e r  of i t s  

i n i t i a l  length,  and hence volume with modest crushing loads of some 

2-3 tonnes (Fig  5 ) .  

3 . 3  High Level Active Ce l l  Primary F i l t e r s  

Many Active F a c i l i t i e s  were designed t o  accommodate s tandard 

rec tangular  f i l t e r s  a s  primary e x t r a c t  f i l t e r s  mounted i n  t h e  work 

benches o r  floor-mounted. The f i l t e r s  were not  designed t o  be clamped 

i n t o  pos i t ion  a s  ease  of remote handling and changing of t h e  f i l t e r s  

was t h e  prime cons idera t ion ,  and t h e  f i l t e r s  were assumed t o  e f f e c t  

a s e a l  onto t h e  housing through a combination of t h e i r  weight and 

generated d i f f e r e n t i a l  pressure.  These arrangements a r e  seldom 

s a t i s f a c t o r y .  

The s i t u a t i o n  on one c e l l  f a c i l i t y  a t  Hamel l  was worsened by the  

combination of high a c t i v i t y  l e v e l s  on the  f i l t e r s  demanding shielded 

t r a n s f e r  from t h e  c e l l  and t h e  i n s t a l l e d  t r a n s f e r  system being based 

on t h e  7" diameter "block pot". It was necessary t o  dismantle 

the  o ld  f i l t e r s  and package them within t h e  7 "  po t s  p r i o r  t o  d isposa l ,  

a lengthy operat ion generat ing many f l a sk ing  opera t ions .  

The primary f i l t e r s  have now been replaced with a c l u s t e r  of L0 r a d i a l  

3 
flow c a r t r i d g e  f i l t e r s ,  measuring 165 mm X 200 mm long ra t ed  a t  85 m /h 

each. The f i l t e r s  a r e  sea led  i n t o  a counter bored hole i n  t h e  t o p  
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p l a t e  of a  f ab r i ca t ed  open box s t r u c t u r e  which i s  i t s e l f  sea led  i n t o  

the  well i n  t h e  c e l l  f l o o r  (Fig 61 i n  p lace  of t h e  deep p l e a t  f i l t e r .  

Each f i l t e r  i s  sealed i n t o  t h e  p l a t e  with a  l i p  s e a l  which i s  i n t e g r a l  

with t h e  end of the f i l t e r ,  and the  s e a l  i s  e f f ec t ed  without clamping 

through pos i t ioning  only.  

Each f i l t e r  can be e a s i l y  replaced using master-slave manipulators 

and t r a n s f e r r e d  from t h e  c e l l  f o r  d i sposa l  i n  t h e  e x i s t i n g  7" diameter 

t r a n s f e r  system without dismantling. 

The new design overcomes t h e  b a s i c  s e a l i n g  and remote handling 

problems assoc ia ted  with rec tangular  deep p l e a t  f i l t e r s  and removes 

t h e  requirement f o r  c o s t l y  in  c e l l  opera t ions  i n  prepara t ion  f o r  

d i sposa l .  

3 Design work i s  now i n  hand t o  develop a  450 m /h  f i l t e r  measuring 

3 
280 mm X 280 long, so t h a t  t h e  s tandard 1700 m /h f i l t e r s  can be 

replaced with c l u s t e r s  of  4  such f i l t e r s  where appropr ia te .  

3.4 C i rcu la r  F i l t e r s  f o r  Large Volume I n s t a l l a t i o n s  

Because of t h e  r e l a t i v e  ease  of  s ea l ing  without clamping and ease  

of d i sposa l ,  t h e  use of c i r c u l a r  f i l t e r s  f o r  l a r g e  volume f a c i l i t i e s  

should be of b e n e f i t  compared t o  t h e  use of conventional rec tangular  

f i l t e r s .  The p r i n c i p l e s  ou t l ined  i n  Sect ion 3.3 can e a s i l y  be applied 

t o  provide a  low volume i n s t a l l a t i o n  f o r  high a i r  throughputs.  

A f i l t e r  f o r  such app l i ca t ions  has  been developed and found t o  meet 

a l l  t h e  requirements of t h e  Atomic Energy Spec i f i ca t ion  AESS 30/93402. 

The f i l t e r  i n s e r t  i s  i l l u s t r a t e d  i n  F ig  7 .  The s e a l  is  f ab r i ca t ed  from 



'U' section extruded silicon rubber held in place in the groove in 

the top flange of the filter with a silicon rubber '0' ring. Thus 

a double lip seal is provided to seal the filter into a counter-bored 

hole in a ?late, which can be designed to provide the floor of a 

cell dedicated to remote filter operations.Filter changing can be 

effected simply with an overhead grab device mounted on a x-y 

carriage above the filter bank with no clamping mechanism required to 

seal the filters. 

1f required filters could be volume reduced within the cell so that 

several filters can be transferred together at each flask movement. 

The limiting unit filter size for such systems would be the 

dimensions of the inter-cell transfer systems and flasks, and the 

need to remain compatible with existinq 3isposal routes and waste 

3 3 
treatment facilities. The 3000 m /h or 3400 m /h filters would appear 

to be entirely suitable for 1 :h applications. 

3.5 Bag Change Canisters 

Reported difficulties with the sealing of standard fllcers in bag 

change canisters, combined with the ease of sealing circular filters 

has resulted in the development of a bag change canister incorporating 

a large circular filter. 

3 
The filter insert design is based on the 3000 m /h filter, but the top 

flange is modified to carry a silicone rubber seal on the inside of 

the throat of the filter (Fig 8 ) .  The silicone disc forms a flap seal 

against a tapered spigot feature built into the filter housing. Thus 

no clamping is required, the seal being effected purely through 

positioning the filter in the housing. 
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The c a n i s t e r  i t s e l f  is  easy t o  manufacture. A i r  e n t e r s  through the  

back of t h e  c a n i s t e r  d i r e c t l y  i n t o  the  f i l t e r  i n s e r t .  The outer  case 

of the  housing provides a plenum i n  which f i l t e r e d  a i r  i s  co l lec ted  

before exhausting downwards through a por t  i n  t he  o u t e r  casing.  High 

I n t e g r i t y  Shut-off dampers a r e  ava i l ab le  t o  s u i t  t he  i n l e t  and o u t l e t  

po r t s .  

Work i s  a l s o  i n  hand t o  produce an in - l ine  version of the  c a n i s t e r ,  (Fig 9)  

where the  i n l e t  and o u t l e t  p o r t s  a r e  i n  the  top  and bottom of the  

c a n i s t e r ,  i n  the  conventional way a s  such a design is favoured by some 

p lan t  design teams. 

With the  present  design, t h e  pressure  drops associa ted  with a i r  flow 

through the  housing and f i l t e r  r e s u l t s  i n  an a i r  throughput of 2200 m3/h 

3 a t  250 Pascals .  Work is i n  hand t o  increase  t h i s  a i r  flow t o  3000 m /h  

through design t o  el iminate unnecessary flow res i s t ances .  

The c a n l s t e r  deslgn has t h e  added advantage of provldmg a c l r c u l a r  

bagging r i n g  t o  ease baggmg operat ions.  

3 . 6  Push Through F i l t e r  Change System 

A f i l t e r  change system has been developed f o r  small c e l l s  and boxes, 

i n  which f i l t e r  changing is e f fec ted  by loading f i l t e r s  from the  cold 

s i d e  and e j e c t i n g  contaminated f i l t e r s  i n t o  t h e  hot s ide .  The system 

i s  shown diagramatical ly i n  Fig 10. 

The f i l t e r  i n s e r t  i s  of r a d i a l  flow design, and c a r r i e s  s e a l s  i n  i t s  

end f langes .  

- 15 - 



The filter housing, constructed in stainless steel, is mounted on 

the inner containment wall of the cell. Air flows f?om the cell, into 

the filter, and is ducted away through ductwork connected to the 

collection plenum downstream of the filter element. 

To effect a filter change a clean filter is positioned into the end 

of the main housing tube and is pushed into the housing by a distance 

equivalent to one filter length; in doing so it replaces the used 

filter which is ejected into the cell. As long as the filter is 

sized physically to be compatible with installed cell transfer 

facilities it can then be disposed of in the same way as other cell 

waste arisings . 

Early designs of housing were fabricated in stainless steel, to 

form the collection plenum and other housing details. However, a 

simpler, cheaper design has evolved in which the housing is now a 

simple stainless steel tube with a "pulled tee" to facilitate 

connection of the extract ductwork. (Fig 11). The collection plenum 

for filtered air is formed between the end flanges of the filter and 

the housing tube. 

The seal between the filter and housing is effected by a simple flat 

seal ring cut from silicon rubber sheet. In operation the seal is 

folded back over a feature on the filter end pieces to form a flap 

seal, which has the benefits of a large contact area, low friction, and 

minimum compression of the seal material. 

Where shielding is required, the filter loading tube penetrates the 

biological shielding and is fitted with a steel shield plug. Several 



f i l t e r s  a r e  placed i n  t h e  tube and changes e f f ec t ed  by "rodding" 

through t h e  sh ie ld  plug. 

3 3 
A range of systems covering a i r  flow r a t e s  from 50 m /h t o  600 m /h 

have been developed. Flow/pressure drop c h a r a c t e r i s t i c s  f o r  t h e  range 

a r e  given i n  F ig  1 2 .  

3 .7  Conclusions 

The development and t e s t  work c a r r i e d  o u t  t o  d a t e  has demonstrated 

t h a t h i g h  i n t e g r i t y  f i l t e r s  of equal performance t o  conventional deep- 

p l e a t  des igns  can be produced i n  r a d i a l  flow c a r t r i d g e  form i n  s i z e s  

3 
up t o  3000 m /h. The app l i ca t ion  of t hese  f i l t e r s  t o  nuclear  off-gas 

cleaning f a c i l i t i e s  should provide b e t t e r  systems i n  terms of f i l t e r  

s e a l  performance, reduced handling problems and ease  of d i sposa l  of 

contaminated f i l t e r s  v i a  e x i s t i n g  d i sposa l  routes .  F i l t e r  systems 

incorpora t ing  these  f i l t e r s  a r e  being developed f o r  high contamination 

l e v e l  app l i ca t ions ,  whi l s t  t h e i r  use f o r  low contamination app l i ca t ions  

i s  being s tud ied .  



4 IN SITU FILTER TESTING 

4.1 Introduction 

When high efficiency filtration is specified as the result of a 

hazard analysis the degree of filtration demanded is usually expressed 

as a decontamination factor. This factor is the reciprocal of the 

penetration and a DF of 2000 (equivalent to a penetration of 0.05%) 

is frequently used for the modern HEPA filter. 

By using one of the standard bench tests such as the sodium flame 

filter test (BS 3928 - 1969) it is comparatively easy to confirm the 

efficiency of the filter medium itself but damage may be caused to the 

filter during installation, leaks may occur if the gaskets are not 

properly seated and compressed and filters or seals may deteriorate 

with time or during operation. 

It was recognised in AECP 1054 - 1979 that testing of filters in-situ 
was necessary to ensure that the filters as installed met the desired 

DF and that this was maintained during ~ t s  useful life. This code of 

practice recommended the use of dioctylphlalate (DOP) with a mixing 

length between injection point and sampling point upstream of filter 

of 10 duct diameters and a similar length between filter and sampling 

point downstream of filter. 

As such lengths cause severe restrictions on the design of the 

ducting it was decided to investigate the need for such mixing lengths 

and B Green at Harwell embarked on a series of experiments. Her 

early findings ( 5 )  were that for single point injection, single point 

sampling and an edge leak on the filter the specified lengths of 10 

duct diameters were completely inadequate for proper mixing and 



accurate measurements. 

There was therefore, on the one hand the desire to reduce duct 

lengths to improve design flexibility but on the other hand it had 

been shown experimentally that duct lengths should be increased if 

hazard analysis criteria were to be achieved. 

A limited programme of work was initiated to investigate mixing devices 

with the aim of reducing the length of ducting necessary on extract 

systems to accommodate the requirements of in-situ filter testing. 

4.2 Mixing Devices 

The experimental work on mixing devices is reported by B Green 

in her paper "Development of in-situ aerosol injection methods" - 

March l983 ( 5 ) .  The purpose of this programme was to compare the mixing 

efficiences of stairmand disc, ring and doughnut and Komax mixer 

with various injection positions; the injection positions being centre 

injection, single point edge injection and four point edge injection. 

The work was carried out in a purpose made flow rig (Fig 13) with a 

duct size of 600 X 600 mm and designed for air flows between about 

3 3 
1000 m /h and 9000 m /h although the tests were carried out at a 

3 
constant flow of 5000 ft /h equivalent to a duct velocity of 3.9 m/s. 

The aerosol used was cold DOP detected by light scattering equipment - 

the maximum and minimum record of DOP concentration being measured 

by scanning the probe across the duct at the sampling points provided. 

The volume flow rates were measured by hot wire anemometer and 
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pressure readings were taken with inclined gauge manometers. 

The tests on each mixing device involved initially adjusting the 

3 
flow to 5000 m /h and then injecting the aerosol either to the 

middle of the ducting on to one edge or to all four edges. By scanning 

the probe at each sampling point the maximum and minimum concentration 

readings could be identified and recorded. 

To avoid erroneous pressure measurements caused by swirls and eddies 

close to the mixing device the pressure drop measurements were taken 

at intervals along the ducting to establish a representative pressure 

drop figure. 

An extract from the test results is shown below. For the purposes of 

these tests the flow was assumed to be mlxed when the difference of 

maximum and minimum about the mean is + 10%. This figure was based - 

on a report by Dorman in 1981 (6) and an American Standard ANSI N510 

1975 (7). 

These test results show that shorter mixing lengths are possible 

but only at the expense of increased pressure differential. The 

comparison shows: 

Komax mixer Mixed at 44 D prssure drop 25 mm H 0 2 

Ring and doughnut 54D 11 

(150 m separation) 

Stairmand disc l o w  3 

Investigation of the injection methods show the desirability of 



i n j ec t ing  i n  the cent re  of t h e  duct o r ,  f o r  marginal improvement 

in  mixing, in jec t ing  a t  t h e  four edges. The simulation of a gasket 

leak by s ing le  edge in jec t ion  showed the  d i f f i c u l t y  of i t s  detec t ion .  

This i s  shown on Fig 14. 

4.3 Sampling Probes 

An inves t iga t ion  i n t o  mult ipoint  sampling probes ( 8 )  was undertaken 

t o  allow i n - s i t u  f i l t e r  t e s t i n g  t o  be achieved fo r  t h e  f i r s t  s tage  

of a two s tage  f i l t e r  system when t h e  d i s t ance  between t h e  f i l t e r  and 

sampling point  i s  too s h o r t  f o r  proper mixing. The duct  s i z e  f o r  

the  app l i ca t ion  under considerat ion was 350 mm and t h e  t e s t  r i g  used 

fo r  t h e  mixing devices was modified by i n s e r t i n g  a length of 350 mm duct 

a s  shown a t  Fig 15. 

A Komax mixer was employed upstream t o  ensure a uniform challenge 

across t h e  f i l t e r  face, probe 1 i s  used t o  measure upstream challenge 

concentration while probe 2 i s  used t o  measure downstream challenge 

concentrat ion a f t e r  f i l t r a t i o n  but without mixing. Probe 3 i s  used 

t o  measure the  downstream challenge concentration a f t e r  f i l t r a t i o n  and 

a f t e r  mixing. The d i f ference  between readings from probe 2 and 3 

gives an indica t ion  of s u i t a b i l i t y  of each probe f o r  use i n  close 

proximity t o  a f i l t e r  where t h e  flow i s  unmixed. 

The f i l t e r s  used were standard HEPA f i l t e r s  which had been subjected 

t o  conventional DOP measurements. Higher penetrat ions had been 

achieved by p ierc ing small holes i n  t h e  f i l t e r  media along t h e  

edge t o  simulate a sea l  leak. 



Filter A Standard DOP penetration 0.005% 

Filter B DOP penetration 0.05% 

Filter C DOP penetration 1.30% 

A number of different probe configurations were used and a sample 

is shown at Fig 16. 

The tests involved setting the rig to the required flow rate and then 

injecting the aerosol. The upstream measurements of challenge 

concentration were obtained by probe 1. Downstream measurements 

were obtained at probe positions 2 and 3 for each sampling probe and 

for each filter. The results are shown at Fig 17. 

The results show clearly that the probe of type A is the most 

suitable as a static multipoint sampler in close proximity to a 

filter face, and accurate readings were obtained in a duct length 

of less than 4 diameters. 

4.4 Plant Considerations 

From the previous paragraphs of mixing length and use of frame 

samplers a picture emerges of the requirements for a plant design. 

After injection of the challenge aerosol a distance of 10 duct 

diameters is needed before the sampling point just upstream of 

the filter if a stairmand disc is used for mixing. A minimum 

distance of 4 diameters is then required downstream of the filter 

if aframe sampler is used. This configuration is shown at Fig 18. 

The requirements for different configurations are shown at Fig 19 

and 20. 



Further consideration of test methods is provided in AERE publication 

R11255 (9). 
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3 11 - - 7 50mm I n  Section 2,3,4,  5 there is a perspex viewing window i n  the top of  the duct 
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- - 1260 
- 1755 

I n  Section Ob the aerosol is injected into the centre of the tube from the top 
1, - 

Distance injection point to the disc is 400mm 

Distance injection point to the removeable section is 150mm 

Bend inserted between injection section and the removeable section 

(Oh, 1,) centre line length 900mm 

LAYOUT OF AEROSOL INJECTION TEST RIG 
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M U LT1 POINT SAMPLING PROBES 

6mm or 8mm dia.tube 
0.7 or  1.2mm dia.holes 
6 or 12 holes 

6mrn tube 
1.5mm dia. holes 
4 holes 

6mm or 8mm tube 
0.7 or 1.5mm dia. holes 
5 or 11 holes 
Probe vertical or horizontal 





MIXING LENGTH 
WITH STAIRMAND 
DISC 

4 TO FAN 

IN-SITU FILTER TESTING REQUIREMENTS 



Two Stage  

2 0  , 8 D 

1 P  = INJECTION POINT 
SD = STAIRMAND DISC 
SSP = SINGLE SAMPLE POINT 

J 

5 
a IN - SITU FILTER TESTING ARRANGEMENT 
I (TESTING FILTER BANK) 
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Sing le  Stage 

m - TO FAN I I 

20 80 -, - 



Single Stage 

1P = INJECTION POINT 
S0 = STAIRMAND DISC 
SSP= SINGLE SAMPLING POINT 
M P =  MULTIPLE SAMPLING POINT 

IN-SITU FILTER TESTING ARRANGEMENT 

(TESTING INDIVIDUAL FILTERS) 


