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ABSTRACT 

instrument for evaluating  aircraft  fire-extinguishing 
systems.  This  instrument  records  the  extinguishing-agent 
air  concentrations  resulting when the  extinguishlng  system 
is  discharged,  and  thereby  provides a means  of  evaluating 
the  aircraft  extinguishlng  system  under  actual  flight 
conditions. 

This  report  covers  the  utilization of a  gas-analyzing 

T h i s  report  is  intended to serve as an instruction 
manual for installation  and  operation of the  instrument. 
Calibration  data  based on available  information  to  aid in 
the  reduction  and  interpretation of the  test  data  obtained 
also  are  included. The instrument  and  the  principles of 
operation  are  described  briefly. 



PURPOSE 

continuously  the  amount  and  duration of agent  concentration 
produced  by  discharge of the  system in flight. 

SUMMARY 

To develop an instrument  capable of recording 

A difficult  problem  associated with fire  protection i s  
the  proper  evaluation of powerplant  fire-extinguishing sys- 

possible, and extinguishing  systems  have  been  evaluated on 
tems. In most  instances, a fire  testing  program is not 

the  basis  of a review of design  calculations,  agent  distri- 
bution  measurements,  and  observations of agent  discharge. 
Such evaluation  did  not  provide an indication of  the  ability 
of the  system  to  extinguish  fire  under  various  flight con- 

a practical  means for evaluating  fire-extinguishing  systems 
ditions.  However,  the  agent  concentration  recorder  provides 

and  may  be  used  as a tool  for  such  evaluation  by 
manufacturers,  operators, or safety  inspectors. 
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INTRODUCTION 

The  Model  GA-2A  concentratLon  recorder  is  based on a 
development  described in Alr Force Exhibit  TSEPE-8E-4-A, 
dated  January 31, 1947. The  instrument  was  built  under 
contract  with  Statham  Laboratories, Inc., 12401 West  Olympic 
Boulevard, Los Angeles 64, Calif.,  and  was  designed  as air- 
borne  equipment for the  evaluation of aircraft fire- 
extinguishing  systems.  The  original  work  done on the 
practical  application of this  instrument  as  a  means for 
evaluating  aircraft  fire-extinguishing  systems 1 s  covered 
in an  earlier  report.1 

The  instrument  was  calibrated  by  conducting  numerous 
tests of aircraft  fire-extinguishing  systems ln which  the 

powerplant  fires  were  determined.  From  these  tests,  the 
agent  concentrations  required for extinguishing  full-scale 

minimum  safe  concentrations  necessary  to  insure  extin- 
guishment, as measured  by  the  instrument,  were  established 
tentatively for the  various  extinguishlng  agents. 

in-flight  evaluations of the  extinguishing  systems of such 
airplanes  as  the  Convair B-36, Lockheed 749, 1049G, and 
1649 Constellations,  Lockheed  C-130,  and  Cessna 620 were 
made. The data  obtained  during  these  evaluations  have in- 

Further  callbration  work  conducted on the  instrument  has 
dicated  that  the  fire-extingulshing systems  were  adequate. 

resulted in the  development of curves  whereby  the  agent 
concentration  data  can be reduced  to  volumetric or 
gravimetric  percentages. 

DESCRIPTION OF INSTRUMENT 

With  the  experience  gained  from  this  work, a number of 

The instrument  and its accessories provide  a  high- 

trations of extinguishing  agent in air mlxtures, and the 
speed  system  capable of recording  remotely  the  concen- 

duration of these  concentrations  at 12 different  locatlons 

airplane is in flight. 
simultaneously in an aircraft  powerplant  nacelle  while  the 

Fire  Extinguishment,  Part 111, An Instrument for Evaluating 
Extinguishmg Systems, " Technical  Development  Report No. 
206, June 1953. 

'James D. New  and  Charles M Middlesworth,  "Aircraft 
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accessories,  shown in Figs. 1 to 5, conslst of  the  following 
components:  analyzer units, control  unit,  OSCillOgraph 
recorder,  vacuum  pump,  and  heater-type  sampling  tubes. 

The Model GA-2A agent  concentration  recorder  and  its 

PRINCIPLES OF OPERATION 

difference in pressure  drop  across  a  porous  metal  plug for 
The  operation of the instrument  is  based on the 

different  gases or gas  mixtures when the  sample  is  passed 

through  a  first  porous  plug,  thermal  equilibriwn is 
through  the  plug  at  constant  volumetric  flow. In passing 

achieved. In passing  through  a  second  porous  plug,  a dif- 
ferential  pressure  results  across  the  plug  which  varies 
with  the  constituent  gases of the  sample A critical ori- 

pressure  differential  across  the  second  porous  plug  oper- 
fice  regulates  the  pressure  from  the  vacuum  line.  The 

ates  a  pressure  transducer,  the  output of which  is  recorded 
by a remotely  connected  oscillograph. 

concent  ation  recorder  are  described  fully in another 
report. 5 

The theory  and  principles of operation  of  the  agent 

INSTALLATION OF EQUIPMENT FOR IN-FLIGHT TESTS 

The Model  GA-2A  agent  concentration  recorder is 
designed for operatlon  at  a  nominal  voltage of 26 volts 
d-c at 25 amperes,  and 115 volts, 400 cps  at 3 amperes. 

ment i s  increased to 25 amperes.  The  instrument  will oper- 
When  heated  sampling  tubes  are  used,  the  a-c  load  require- 

ate  properly  over a voltage range of 24 to 28 volts  d-e, 
and 110 to 120 volts, 400 cps  plus or mmus 20 cps 

nacelle is identical to  that in the  other  nacelle or na- 

mented for the  test. The nacelle  most  remote  from  the 
celles of the  airplane,  only  one  nacelle  need be instru- 

agent  containers  usually is selected for test  because it 
has  the  longest  length of tubing  between  the  supply and the 
discharge  nozzles,  since  this  affects  agent  concentration 
adversely.  However,  other  factors  also  may  affect  agent 
concentration and should be considered; for example,  a 
four-engine  aircraft in which  volume or ventilation 
differences  exist  between  inboard  and  outboard  nacelles. 

If the portion of the extmguishing system in any  one 

2 New  and  Middlesworth,  op.  cit. 
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Before  mounting  any of the  components in the  aircraft,  the 
12 sampling  locations  should  be  determined. The criteria 
to  be  consldered  when  selecting  these  sampling  locatlons 
are  given  below.  Installation  of  the  components  may  follow 
in the  order  described  herein. A typical  installation 
diagram  is  shown in Flg. 6 .  

in Figs. 1 and 2 contains four analyzer  cells with thelr 
associated  vacuum  and electrical connections.  The  analyzer 

mounted  to  eliminate  excessive  vlbration.  Each u m t  should 
units  may  be  mounted in any  position  but  must be shock- 

be mounted in the  center of the reglon where  samples  from 
four of the  locations  selected can be drawn  conveniently. 

Figure 7 shows an analyzer  unit  mounted in the 
accessory  section of a DC-3 airplane.  The  individual  cells 
of the  analyzer  units  are  arranged  consecutively in as- 
cending  order  from  right  to  left  as  viewed  from  the  name 
plate.  The  cell  number  and  corresponding  sampling  location 
should  be  noted for each of the four cells of  the analyzer 
units  as  they  are  installed. 

a. Analyzer  Units:  Each of the  analyzer  units  shown 

protected  from  moisture,  such  as  may  be  encountered  when 
When  mounted in the  alrcraft,  the  units  must  be 

the  aircraft  is  parked out-of-doors The  analyzer  units 
should  not be mounted in reglons  where  temperatures  above 
250° F. will be encountered. 

After  the  analyzer  wlits  are  mounted,  the  vacuum 
manifold  fitting  which is a  part of the equipment may  be 
located so that the l/$-lnch-dlameter  vacuum  lines from  the 
manifold  to  the  analyzer  units  are  a3  short as posslble. 
These  lines  may  be of seamless  copper  tubing or AN-6271-4 
vacuum-type  hose. 

b.  Sampling  Tubes:  The  Model  GA-2A  gas  analyzer is 
designed  to  analyze  samples in the  gaseous  state or in a 

the  boiling  point of the  extinguishing  agent  is  higher  than 
finely  divided  suspension. For use In appllcatlons  where 

the  ambient air temperature,  a  special  set of sampling  tubes 
complete  with  heater  and  Insulating Jacket is  furnished. 
These  sampling  tubes can be  supplied in either 3 -  or 6-foot 
lengths. A 6-foot sampling  tube of this  type is shown in 
F i g .  5. Bromochloromethane, whxh boils  at 152.6O F., is 
an example  of an agent requiring heated  sampling  tubes. 

For applications  where  the  bolling pomt of the 
extinguishing  agent  is  lower  than  the  amblent  temperature, 
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the  sampling  tubes  may be fabricated of l/&-inch-diaineter, 

hose  assembly of cotton-reinforced  synthetic  rubber  hose. 
soft,  seamless  copper  tubing or of a standard AN-6271-4 

These  tubes  are  not  furnished  with  the  equipment,  since  the 
exact  length of the  sampling  tubes  will be determined  by 
the  location of the  analyzer  units  with  reference  to  the 
sampling  locations. 

In order to  prevent  the  analyzer  cells from becoming 
clogged with any fine suspensions  that  may  be  carried by 
the gas,  each  sampling  tube is terminated  at  the  analyzer 
in a  filter  consisting of a  porous  disc  contained  wlthin a 
melamine  plastic  coupling  piece. 

The  location of the  points from which concentratlon 
samples  are  drawn is a  very  important  part of every  evalu- 
ation.  Since  the  number of points  which  can  be  checked 
during  any  one  test  is  limited,  careful  consideration 
should be given to each  point  chosen. The value of  the  data 
collected 1 s  dependent on the  location of the  sampling  points, 
therefore,  a  drawing  showing  the  locations  should  be 
presented  with  test  data. 

The  open  ends of the sampling  tubes  should be located 
in recessed  spaces  where  leaking  fuel  may  collect and at 
places  where  the  least  concentration  due  to  airflow or re- 
moteness  from an agent  discharge  nozzle is expected.  The 
open  ends of the  sampling  tubes  should  be  installed  normal 
to  the  local  airstream.  When  heated  sampling  tubes  are 
used,  care  should  be  exercised in the  orientation of the 
mouth of the sampling  tubes so that  a  stream of llquid  from 
the  agent  discharge  nozzle  will  not  enter  the  tubes.  The 

possible, although small variations in length are perms- 
sampling tubes  to each  unit  should be of  equal length, if 

sible.  After  cutting  the  tubes  to  length,  the  cut  ends 
should  be  reamed  to  insure  that  both  ends of each  tube are 
free of burrs  and  open  to  the full inside  diameter. 

a small amount of high-vacuum grease should be used on the 
In coupling the  sampling tubes to  the analyzer units, 

threads  to  insure a good  seal  Care  should  be  taken  to 
prevent  grease  from  entering  the  coupling with the  possi- 
bility of closing  the porous plugs.  Care  also  should  be 
used when applying a wrench to  make  the  connections  since 
the  melamine  couplings,  to  which  the  sampling  tubes  are 
attached,  are  easily  broken. 

6 



2 operates on 24 volts d-c and provides  the  means  by  which 

The  minimum  requirement for the  vacuum  pump is 100 liters 
the gas  samples  are  drawn  through  the 12 analyzer  cells 

per minute or 3.5 cfm free air  capacity  and 0 005 mrn Hg 
vacuum.  The  pump  may be operated  from  a  remote  position, 
and  therefore can be mounted in any existing  space  adjacent 

mounted as close  to  the  manifold  as  possible. It 1 s  not 
to  the  powerplant  nacelle  being  tested,  but  should  be 

necessary to shock-mount  the  pump A 3/8-inch-dlameter l m e  

This  line may be of seamless  copper  tubing o r  AN-6271-6 
is  required  to  connect  the  vacuum  pump  to  the  manifold 

vacuum-type  hose 

c. Vacuum  Pump: The vacuum  pump  shown in Figs. 1 and 

the  pump is installed falls below 40° F., a  means of heatlng 
When  the  ambient  temperature of the  region in which 

means of a  simple  heater-blower  system. If desired,  the 
the  pump  must be provided.  This  has been accomplished by 

pressure side of the  pump  may  be  vented  overboard by at- 
taching a suitable  line  to  the  exhaust  port o f  the  pump  and 
extending  the  line  to an overboard  vent. 

d. Oscillograph  Recorder and Control  Unit: The 
control  unit  shown in Fins. 3 and 4 contains  the renulated 
power  supply and control-cirEuits f o r  the  analyzer &its and 
also f o r  the  heater-type  sampling  tubes. 

The input  voltage  to  the  Statham  transducers in each 
analyzer  unit i s  maintained  constant  despite  fluctuatlons 
of the  line  voltage  by  means of three  Type OC3 regulator 

overloading of the  regulator  tubes in the  event  the  power 
tubes.  Three Type O A 3  tubes  act  as a ballast  to  prevent 

to the  circuit. 
supply is turned on before  the  analyzer  units  are  connected 

Three neon lamps are connected  directly  across  the 
heaters in the  analyzer  units  to  indlcate  when  the  heaters 
are  belng  energized.  After the analyzer  units  have  attained 
operatlng  temperature,  the  lights  go on and o f f  intermit- 
tently  as  the  thermostats  control  temperature. The sampling 
tube  heaters  are  controlled by means of a  sampling  tube 
heater  switch.  This  switch  must  always be ln the o f f  posi- 
tion  until  the  analyzer  unlts  are  brought  up  to  operating 

pwnp  also i s  on the  control unit  panel 
temperature. A switch-type circuit  breaker f o r  the  vacuum 

The Model  GA-2A  gas  analyzer i s  designed  to  be  used 
with an oscillograph  using  Heiland  Type 100-35OB 
galvanometers or equivalent. The osclllograph and control 
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unit shown I n   F i g s .  3 and 4 p r e f e r a b l y  are l o c a t e d   i n   t h e  

t h e  o p e r a t o r  a t  a l l   t i m e s   d u r i n g  a t e s t .  These two u n i t s  
c a b m  o r  o t h e r   a v a i l a b l e   a r e a  where  they are a c c e s s i b l e   t o  

have t h e i r  own shock  mounts  and may be mounted d i r e c t l y .  A 
t y p l c a l   m s t a l l a t i o n   i n   t h e   f u s e l a g e  o f  a E - 3  a i r p l a n e  i s  
shown Ln Fig .  8.  The o s c i l l o g r a p h  and c o n t r o l   u n i t   o u t l e t  
connec t ions   a re  shown i n   F i g .  4. The cab le  for connect ing 
t h e   o s c i l l o g r a p h  t o  t h e  c o n t r o l   u n i t   c a n   b e   f u r n i s h e d  w l t h  
t h e  ins t rument .  This  c a b l e  i s  approxlmately 5 f e e t   I n  

l a t l o n .  The wir ing  diagram for making  up t h e  power and 
l eng th .  The remalning cables are f a b r i c a t e d  du r lng  i n s t a l -  

ou t l e t   cab le s   wh lch   connec t   t he   con t ro l  unit w i t h  t h e  ana- 
l y z e r   u n i t s  i s  shown i n   F i g .  9. The connectors  shown i n  
F ig .  9 a l s o  are l i s t e d   i n  Table I. These   a r e   r equ i r ed  for 
making  up the   cab le s .   Tab le  I a l s o  l i s t s  power supply   cab le  
connec tors .  The p o s i t i v e   l e a d   f r o m   t h e  d-c  power  supply 

and   t he   nega t ive   l ead  i s  connec ted   t o   p in  A .  Proper  ob- 
(F ig .  6 )  1s connected t o   p i n  B as marked i n   t h e   c o n n e c t o r ,  

make i t  i m p o s s i b l e   t o   c r i s s c r o s s   t h e   a n a l y z e r   u n i t  
servance of t h r e e   i n d e x i n g   p o s i t i o n s  on t h e  AN connectors  

connect lons.  

An event   t imer  i s  connected  through a r e l a y   t o   t h e  
o s c i l l o g r a p h   a n d   t h e   a l r c r a f t   f i r e - e x t m g u i s h i n g   d l s c h a r g e  
b u t t o n   t o   i n d i c a t e   t h e   t l m e  when the  agent  i s  d lscharged .  
The event  timer i s  powered  through  pins C and D l n  the  
power plug  f rom a 4 .5 -vo l t   d -c   ba t t e ry .  

OPERATING PROCEDURE 

After   the  var ious  components  o f  t he   agen t   concen t r a t lon  
recorder  have  been msta l led  i n  the a i r c r a f t ,  a thorough 

made. To br ing   the   equipment  up t o   o p e r a t i n g   t e m p e r a t u r e ,  
ground  check o f  t he   ope ra t ion  o f  the  equlpment  should  be 

t h e   a - c  power s u p p l y   c i r c u l t   b r e a k e r   s w i t c h  1 s  t u rned  on  and 
the hea t - range   swl tch  i s  t u r n e d   t o  the HIGH p o s i t l o n .  A11 
th ree   hea te r   neon   lamps   should  f i r e .  After a n   i n t e r v a l  o f  
30 t o  60 minutes,  depending upon the  ambient  temperature,  
a l l  t h r e e  lamps  should s tar t  t o   c y c l e  on and o f f ,  i n d i c a t i n g  
t h a t  t h e   a n a l y z e r   u n i t s   a r e  up t o   o p e r a t i n g   t e m p e r a t u r e .  
When this occurs ,   the   hea t - range   swi tch  i s  turned t o   t h e  
M W  hea t   pos i t i on .   Bes t   t empera tu re   con t ro l  i s  ma ln tamed  

Under  such  conditions, i t  may be   necessa ry   t o   l eave   t he  
i n  t h i s  pos i t i on   excep t  a t  very low ambient  temperatures.  

hea t - r ange   swi t ch   i n   t he  HIGH h e a t   p o s l t l o n .  

sampling  tube  heater   switch  should  not   be  turned on untll 
If the  preheated  sampling  tubes are t o  be used, t h e  

a 



TABLE I 

LIST OF CONNECTORS  FOR 
GA-2A FLIGHT MODEL  GAS ANALYZER 

Connector 

AN 316A-18-1S 
AN 31W5A-18-1SW 
AN 316A-18-1SZ 

AN 3106A-18-12S 
AN 316A-18-12SW 
AN 3106A-18-12SZ 

AN 316A-18-1P 
AN 3lojA-18-1PW 
AN 3l%A-18-1PZ 

AN 316A-18-12P 
AN 3105A-18-12PW 
AN 3106A-18-12PZ 

AN 3106A-20-23S 
AN 316A-16-11S 
AN 3106A-16-11P 
AN 3106A-18-lOS 

To Be Used On For 

1-4 Analyzer  Unit 
5-8 Analyzer  Unlt 
9-12 Analyzer  Unit 

1-4 Analyzer  Unit 

9-12 Analyzer  Unlt 
5-8 Analyzer  Unit 

Control  Unit 

Control  Unit 
Control  Unit 

Control  Unit 
Control  Unit 

Control  Unlt 

output 
output 
output 

Power 
Power 
Power 

1-4 Output 
5-8 Output 
9-12 output 

1-4 Power 

9-12 Power 
5-8 Power 

Control  Unlt, 115 Volts, 400 Cycles 
Control  Unit, 28 Volts  d-c 
Control  Unit,  Vacuum  Pump 
Power  Plug on Oscillograph 

Other Materials Reaulred 

No 20 AWG 2-conductor  shlelded  wlre. 
No 12 AWG slngle-conductor  shielded wme. 
(Above  amounts to  be determmed by  each  installatlon.) 

1 - 4.5-Volt d-c battery. 
1 - Normally open relay,  to  be  used In the flre- 

event  timer on the  oscillograph. 
extlnguishing circuit in conjunctlon  with  the 

Sufficient  quantity of l/b-lnch  seamless  copper  tubing 
for fabrication of sampllng  tubes  and for connecting  the 
analyzer  units  to  the  vacuum  manifold 

Sufficient quantity  of  3/8-inch-dlameter  seamless  tublng or 
vacuum-type  hose f o r  connectmg the  vacuum  pump to the 
vacuum  manlfold 

Also,  any  materials  needed for constructlng  mountlng 
brackets  for  any  parts of the  GA-2A  analyzer  requirlng 
mounting. 
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the neon lamps  indicated  that  operating  temperature  has  been 
attained in all  three  analyzer  units.  Because o f  their 
small  thermal  mass,  the  sampling  tubes  should  come  up  to 

ment  has  been  brought up to  operating  temperature  as indl- 
operating  temperature  in  a few mlnutes.  After  the  instru- 

aligning  all 12 galvanometer  traces  manually so that  they 
cated  by  the neon lights,  the  galvanometers  are  zeroed  by 

are  spaced  equally.  This  should be done in accordance wlth 
the  procedure  outlined in the  operations  manual  which ac- 

on.  While it is in  operation,  the  traces  again  are  examined 
companies  the  oscillograph. The vacuum  pump then is turned 

and readjusted  as  necessary f o r  correct  spacing and to in- 
sure  that  none  falls  outside  the  chart  range.  The  procedure 

nometer  traces are aligned  and  identified  properly.  With 
should  be  repeated  several  times  to msure that all galva- 

the  vacuum  pump in operatlon, a check 1s made of each gal- 
vanometer  in  regard to  the location of each  sampling  pickup 
in its circuit.  This  may be done by directing a small  jet 
of carbon  dioxide  (COP)  from a small  hand  fire  extinguisher 
at the  open  end of the  sampling  tube  and  noting  the corre- 
sponding  galvanometer  deflection.  Care  should  be  taken  to 
avoid  flooding  the  entire area and  thus  affectlng  other 
pickups in addition  to  the  one  being  checked. 

The  event  timer  also  should  be  checked  before an actual 
test is conducted.  This is done  by  dlsconnecting  the  agent 
container  discharge  valve  from  the  discharge  button.  The 
discharge  button  then  is  depressed  and  simultaneously, an 
interrupted  light  beam is observed in the  oscillograph.  The 
interruption of  the  light  beam,  when  the  dlscharge  button 
is  depressed, is indicated  by  a  broken  line on the record 
chart to record  the  interval  during  which  the  container  was 
discharged.  When  conducting  a  test,  the  recorder  chart 
speed  should  be  adjusted  to  approximately 1.50 inches per 
second. 

conducted  are  determined  by  the  test  requirements.  Tests 
usually  are  conducted  during  takeoff  and  normal  cruise con- 

mine if the  extinguishing  system  is  effective  against  fires 
ditions.  Also,  tests  occasionally  are  conducted  to  deter- 

are  protected.  Before  the  equipment  is  airborne it should 
occurring on the  ground,  particularly if wheel-well  spaces 

be warmed  up on the  ground;  otherwise, It wlll  be  necessary 

ment.  After the  desired  altltude IS reached, a final 
to extend  the  flight  time  to  allow for heating  the  equlp- 

This  should  be  done  with  the  oscillograph on and the  vacuum 
check is made on the  alignment of the  galvanometer  traces. 

pump  operating  intermittently. 

The  flight  conditlons  under  which  the  test is 

10 



procedure  specified for the  aircraft  is  followed. At least 
20 seconds  before  the  agent  discharge  button is depressed, 
the  oscillograph  is  turned on and  the  chart  is  started. 
Approximately 10 seconds  before  the  agent is discharged, the 

operation  approxlmately 30 seconds  after  the  agent is dis- 
vacuum  pump  is  turned  on.  The  equipment  should  remain in 

charged. At the  time of the  test,  the  ambient  pressure, 
temperature,  and  humidity  should  be  recorded. By following 

is calibrated for 100 per cent a n  sample  before  each  test 
the  above  sequence of operatlon,  the  concentration  recorder 

run is  made. A typical  oscillogram is shown in Flg. 10. 

In conducting  the  test,  the  emergency  fire  shutdown 

DATA REDUCTION 

concentration  buildup  and  decline  at  each of the 12 sampling 
locations on a  time  basis  from  the  time of discharge  until 

galvanometer  deflection f o r  a  given  channel is proportlonal 
the  agent is dissipated from the  protected  zone.  Since  the 

to the  pressure  drop  across  the  second  porous  plug,  a  defin-' 
ite deflection  will  result  for  each  pure  gas. Dry air In 
this  case  may  be  considered as a pure  gas. Any mixture of 
two  gases,  such  as  air and an  extinguishing  agent,  will pro- 

for the  pure  constituents.  Subsequently,  the  relative  con- 
duce  a  deflection  somewhere  between  the  respective  values 

agent and air may be  determined  by  the  formula 
centration of an extingushing agent In any mixture of the 

The  oscillogram of the  test  shows  the  agent 

per cent  relative  concentration = AD-MD x 100 
AD-CD 

where 

MD = displacement f o r  mixture, in inches 
AD = displacement for air,  in  inches 

CD = displacement for pure agent, in inches. 

calibrate  the  instrument f o r  100 per cent  concentration of 
the  agent  each  time a test is conducted. By callbrating 
the  instrument  experimentally,  the  ratios for galvanometer 
deflection for 100 per cent  agent to galvanometer  deflection 

These  ratios,  determined  as  an  average for all of the In- 
for 100 per cent  air were determlned f o r  varlous  agents. 

dividual  channels in operation  wlthln  standard  deviation 
limits,  are  given in Table 11. 

It is not  necessary,  and  would be very  difficult,  to 

11 



T m L E  I1 

CALIBRATION  RATIO 

Agent Ratio 

Carbon  Dioxide G O 2 )  0.717 
Methyl  Bromlde  [CH3Br) 0.466 
Bromochloromethane ( C H 2 B r C 1 )  0.395 
Dibromodifluoromethane (CBr2F2)  0.319 
Bromotrifluoromethane (CBrF3) 0.401 

The  ratios  are  based  upon the pressure drop obtained 
with  dry  air. If there  is an appreciable  amount of moisture 
in  the  air, a slight  error  will  result  from  the  use of these 
ratios  Figure 11 gives  the  correction  factor  by  which  the 
ratios  must  be  multiplied  to  correct for the  specific  humid- 
ity and ambient  temperature  conditlons  existing  at  the  time 
the  test  is  conducted. 

The following illustrates how  the  relative 
concentration  may be determlned for any  channel, for a spe- 

Flgure 10 shows  that on channel I the  deflection  for air is 
cific  time  interval, after  the  agent  has  been  discharged. 

3.08 inches. From Table 11, the  ratio for C02 agent 1 s  
0.717. The  deflection  corresponding  to 100 per cent con- 
centration o f  the  agent  then 1 s  determined  as 3.08 x 0.717 
= 2.21 inches.  However, it usually is more  convenient  to 
make  the  air  deflectlon  line  zero, or reference  level To 
compute  the  deflectlon  from  the  air  line  corresponding  to 

the  agent  from  that  due  to air. For channel I, Fig. 10, 
100 per cent of the  agent,  subtract  the  deflectlon  due  to 

this is given  by (3.08 - 2.21) = 0.87. To determine  the 
COP  concentration for channel I at 1 1/2 seconds  after dis- 

yond  the  vertical  time  interval hne, which mdicates a 
charge,  extend  the a n  deflection  line to  the rlght  and be- 

time  lapse of l 1/2 seconds  from  discharge.  Determine by 
measurement  the  deflectlon for channel I from  the alr line 
at this  point.  This  was found to  be 0.46 inch.  The  ratlo 
of this  deflection  to  the  deflection  from  the  reference  llne 

percentage,  wlll give  the  concentration  of  the  mixture. In 
for 100 per cent concentratlon of the  agent,  expressed  as a 

this  example,  the GO2 concentration  equals 

1 2  



per cent  relatlve  concentratlon = MI’, 
AD - ( ( A D ) ( C R ) )  

x 100 ( > I )  

where 

MD = displacement for mixture in inches  from air 
AD = displacement for air, in Inches 

CR = calibration  ratio for the  speciflc  agent 
displacement  reference 

from  Table 11. 

The  percentage  of  relatlve  concentration  determined LS 
based on the ratio of displacements, but does  not  ind-lcatc 

basls.  To  convert  to a volumetrlc  percentage or welght per- 
the concentration  percentage  on  a volumetrlc or weight 

centage basls, the  curves  shown In Figs. 12, 13, lJL, 15, dnd  
16 may be used. 

INTFRPRETATION OF DATA 

The  minimum  relative  concentration  required for 
extinguishment as determlned  by  the  concentration  recorder 
has  been  establlshed on the  basls  of  available  lnformatlon. 
This  was  obtained  from  numerous  fire-extinguishlng  tests 
conducted on full-scale  powerplant  lnstallations  at  the 

based on the  concentration  determination f o r  mlnlmum  quan- 
Technical  Development  Center.  These  requirements  were 

tities of agent  required  for  extinguishlng a l l  test  flres 
in the  protected  zones. In order that  the  system  be con- 
sidered  adequate,  the  minimum  relative  concentrations  for 
the  various  extinguishing  agents  shown  ln  Table 111 should 
be maintained  not less than 1/2-second for all sampling 
locations  durlng  the  same  perlod. 

concentratlon  recorder 1s  based on the  ratlo of dlsplace- 
ments  without  reference  to  volumetrlc  proportions,  it m s  
necessary to  callbrate  the  instrument  experimentally in 

m e .  This work was done  through  the  cooperation  and a s -  
order  to  convert  the  recorder  data  to  a  percentage  by  vol- 

Products  Laboratory,  Wilmington, Del.  Numerous  tests  were 
sistance of E I. Du Pont de  Nemours and Co., Inc., Freon 

volume  in  air  was  determined by gas  chromatograph f o r  cor- 
conducted  in  whlch  the  percentage of agent  concentration by 

responding  recorder  concentratlons.  Figures 12, 13, 1’1, 
15, and 16 show  the  calibration  curves for the  various 
agents  as  determined f rom these  tests. By calculation,  the 
volumetric  percentages  were  converted t o  welght  percentages 

Since  the  relatlve  concentration as determlned by the 



TABLE I11 

EXTINGUISHING  AGENT  RELATIVE 
CONCENTRATION  REQUIREMENTS 

Reauired  Minimum  Relative 
concdntratlon  at ~ 1 1  Locations 

for l/2-Second Perlod 
(per  cent) 

Carbon  Dioxide  (CO2) 40 
Bromochloromethane fCHnBrC1) 25 ~ ~~ ~~~ 

Methyl  Bromlde (GH Br) 
Dibromodifluorometiane  (CBr2F2) 15 
Bromotrifluoromethane  (CBrF3) 15 

\---c-- - - '  15 

as  shown by the  lower  curve in each of the  above  figures. 
These  curves  provide a means cf comparing  the  instrument 
data  with  similar  data  obtalned  by o t h e r  methods of analysis. 
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%ONCLUSIONS 

recorder  and  the  instructions f o r  installation,  operation of 
The  description  of the FAA agent  concentration 

the instrument,  and data  interpretation  contained  herein 

aircraft  fire-extinguishing  systems. 
represent  a  practical  and  reliable  means of evaluating 

RECOMMENDATIONS 

Use of the  above  described  Instrument  and  method for 
evaluating ancraft fire-extinguishing  systems is recorn- 
mended  as  superior to other  evaluation  methods. 
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114 INCH SEAMLE 

VACUA4 MANIFOLD LINE \ 

I CONNECTING CABLES 

I CONTROL  UNIT 

ANALYZER CELL NOS 

318 INCH  TUBING OR HOSE 
SUITABLE  FOR VACUUM USE 

28 VOLT  DC 

MILAND OSC 
28 VOLT  DC 
MODEL- 700 

FIG 6 GA-2A N E N T  CONCENTRATION  RECORDER  INSTALLATON  DIAGRAM 







~ ~ W I i j i O .  14 AWG  6 REQUIRED 

D 
E 
F 

D 
E 
F 

POWER  CABLE 

TO  CONTROL  UNIT  (POWER)  TO  ANALYZER  UNITS 

CABLE NO. 2 AN3106A-18-12P  AN  3106A-18-125 (1-4) 1 REQUIRED 
CABLE NO. 4 AN3106A-18-12PW 
CABLE NO. 6 AN3106A-18-12PZ 

AN 3106A-18-12SW (5-8)  1 REQUIRED 
AN  3106A-18-12SZ (9-12) 1 REQUIRED 

A 
J 
B 
C 
D 
E 

G 
F 

H 
I 

TO  CONTROL  UNIT  (OUTPUT)  TO  ANALYZER  UNITS 

CABLE  NO. 1 AN 3106A-18-1P 
CABLE NO. 3 AN 3106A-18-1PW AN 3106A-18-1SW (5 -8)  1 REQUIRED 

AN 3106A-18-1s  (1-4) 1 REQUIRED 

CABLE NO 5 AN 3106A-18-1PZ AN 3106A-18-1SZ ( 9 - 1 2 )  1 REQUIRED 

NOTE  CABLE WIRING TO  BE  CUT  TO  REQUIRED  LENGTH  FOR 
EACH  INSTALLATION 

NOTE  CABLE  NUMBERS  CORRESPOND  TO  OUTLET 
NUMBERS ON FIG. 4 

FIG.  9 ANALYZER  CABLES - SCHEMATIC  DIAGRAM 



POINT OF SYSTEM  DISCHARGE 
SECONDS AFTER I 

SPEED I 5  INCHES 

VACUUM  PUMP  STARTED + 

FIG 0 OSCLLCCWM OF A  TEST RUN 
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AMBIENT  TEMPERATURES (OC.) 

F IG.  11 HUMIDITY  CORRECTION  FACTORS 
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F I G .  12 CURVE FOR CONVERTING  RELATIVE  CONCENTRATION  TO  VOLUME 
AND  WElGHT  PERCENlAGES O F  CARBON  DIOXIDE IN A B  
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FIG.  13 CURVE FOR CONVERTING  RELATIVE  CONCENTRATION  TO  VOLUME 
AND  WEIGHT  PERCENTAGES O F  METHYL  BROMIDE  IN  AIR 



CONCENTRATION  (PERCENTAGE) 

FIG. 14 CURVE FOR CONVERTING  RELATIVE  CONCENTRATION  TO  VOLUME 
AND  WEIGHT  PERCENTAGES O F  BROMOCHLOROMETHANE  IN  AIR 
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FIG.  15 CURVE FOR CONVERTING  RELATIVE  CONCENTRATION  TO  VOLUME  AND 
WEIGHT  PERCENTAGES O F  DIBROMODIFLUOROMETHANE  IN  AIR 
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