
Aircraft Fire  Extinguishment 
Part V 

Prellmmary Report on High-Rate-Discharge 
Fire-Extinguishing Systems for 

Alrcraft Power  Plants 

by 

Harvey 1 Hansberry 

Alrcraft Dlvlslon 

TECHNICAL  DEVELOPMENT  REPORT NO. 260 

CIVIL AERONAUTICS ADMINISTRATION 
1 1  
* J l 2  TECHNICAL  DEVELOPMENT AND 

EVALUATION CENTER 
INDIANAPOLIS, INDIANA 

FEBRUARY 1956 



U. S. DEPARTMENT O F  COMMERCE 
Smclalr  Weeks,  Secretary 

CIVIL  AERONAUTICS ADMINISTFlATION 
C. J. Lowen,  Admlnlstrator 
D. M. Stuart,  Dlrector,  Technical  Development  and Evaluation Center 

TABLEOFCONTENTS 

SUMMARY ............................................... 1 
Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  1 
OBJECTIVES O F  HRD SYSTEMS . . . . .  . . . . . . . . . . . . . . . . . . . . .  2 
SUCCESSFUL HRD SYSTEMS .................................... 2 
HRD SYSTEM  REQUIREMENTS AND LIMITATIONS . . . . . . . . . . . . . . . . . .  5 
DEVELOPMENT OF FORMULAS FOR FUTURE HRD SYSTEMS 

~~ ~~ ~ ~ . . . . . . . .  
HRD SYSTEM DEFINITION. 

.. 7 . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  9 

Thls IS a technlcal  lnformatron  report  and  does  not 
necessarlly  represent CAA pollcy  In all respects 



AIRCRAFT FIRE EXTINGUISHMENT 

PART V 

FIRE-EXTINGUISHING SYSTEMS FOR AIRCRAFT  POWER  PLANTS* 
PRELIMINARY REPORT ON HIGH-RATE-DISCHARGE 

SUMMARY 

In thls  report  provlslonal  formulas  based on data  obtamed  durmg  flre  tests of XRb0-1 
nd XB-45 alrcraft  power  plants  are  derlved  for  the  deslgn of adequate  hlgh-rate-dlscharge 

whlch there IS hlgh  alrflow  and  in  whlch  the  Internal  surfaces  are  smooth, and t o  zones 
fire-extmgulshmg  systems  In  potentlal  flre  zones  These  formulas  apply  to  zones  through 

through  which  there 1s very  llttle  or no alrflow  and  the  Internal  surfaces  are  rough  to  any 
' gree 

quantltles of extlnguishlng  agent far In excess of quantltles  required  for  zones of equally h g h  
Tes ts  have  shown  that  zones of hlgh  airflow  wlth  uneven  lnternal  surfaces  requlre 

-ecause of lnsufflclent  data on the  effects  of  vanous  degrees of surface  unevenness on 
~ r f l o w  but  wlth  smooth  lnternal  surfaces,  the  dlfference  belng as much as 200 per  cent 

extlngulshlng-agent  requlrements,  the  Important  "turbulence  factor" 1s not  establlshed  In 
~ report. 

~ e r  plant  and  one  Jet  power  plant  Accordlngly,  much st111 remalns  to be learned  regardmg 
The  information  presented  In  thls  report  was  obtamed m tests  of only  one  plston-englne 

charge  rates  are  conservatlve  and  may  be  expected to decrease  appreclably as addltzonal 
he preclse  requirements for elther  type of mstallatlon.  The  suggested  quantltles and dls- 

' a a r e  obtalned  on  other  installatlons 

INTRODUCTION 

e  degree on experlmental  work  conducted  from 1940 to 1943 a t  the Technical  Development 
The  conflguratlons of conventlonal  flte-extlngulshlng systems 1n alrcraft are  based to  

nd Evaluatlon  Center of the  Clvll  Aeronautlcs  Admlnistratlon.  The  formulas  resultlng  from 
t work  orlgrnally  were  contalned  In a publlshed note.1 and  they  have  been  modlfred  over 
yea r s   a s  a  result of tests  by  other  government  agencles  and  Industry.  The  systems 

developed  OrlglMlly  were  extremely  complex,  prlmarlly  because  the available equipment 
:ould not  produce sufficiently hlgh  dlscharge  rates  Agent  distrlbutlon  could  be  accompllshed 
> n l y  by  lntrlcate  systems of tubtng  It IS probable  that  much of the  resrstance to use of those 
systems  stemmed  from  thelr  complexity  and  the  assoclated  deslgn.  testlng,  Inspechon,  and 
rnalntenance  problems 

Even  the  earllest  test  programs  lndlcated  that  the  agent-dlscharge  rate  was  a  most 
tmportant  factor 1n the  success of an  extlngulshlng  system  Durlng  the  slmultaneous  testrng 
>f XR60-1  and  XB-45  power plants  In 1951  and 1952, efforts  were  made  to  provlde  proper 

or perforated-tubmg  and  nozzle  systems  The  term  "Hlgh-Rate-Dlscharge" (HRD) w a s  
oent dlstrlbutlon  throughout  potentlal flre zones by substltutlng  a  lugh  rate of agent  dlscharge 

rhosen  prlmarlly  to  ldentlfy  the new development  as  opposed to conventlonal  systems,  and 
secondar~ly  because  the  system  does  provide  greater  dlscharge  rates.  The  purposes of thls 

por t   a re  

1. To  descrlbe  the objectives 1n developlng HRD systems 

3. To dlscuss  the  dlfflcultles  encountered wlth,  and  the l lmlbtlons of, HRD systems. 
2 .  To  descrlbe  successful HRD systems  for  piston  engrnes  and  turbojet  power  plants. 

*Manuscript submitted  for  publrcatlon  December  1955. 

'H. L.  Hansberry,  "Deslgn  Recommendations  for  Fqre  Protectlon of Alrcraft   Power 
?ant  Installatlons," CAA Techulcal  Development  Note No. 31, September 1943. 
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4 To  develop  formulas  whlch  may  be  used as guldes  for  buildlng  future HRD systems. 
5 To  define HRD systems as they  are  understood  by  test  personnel. 

OBJECTIVES OF HRD SYSTEMS 

The  orlglnal HRD systems  were  mtended  to  dlscharge  the  agent  wlthm  potentla1  fire zone 
with  such  force  that  the  agent  would  be  dlstrlbuted  throughout  the  zone 1n a somewhat  exploslve 
manner.  It  was  antlclpated  that  such a system  mlght  requlre  more  agent  than  conventlonal 
systems but  that  this would be  offset  by  savlngs  resultlng  from  system  slmpllclty. It also  was 
believed  that  the  agent,  dlscharged  at a sufflclently hlgh rate,  could completely  dlsrupt  alrflow 
and  thereby  facllltate  extmgulshment. 

The  f lrst   premlse,   that  the HRD system would requlre  more  agent  than  conventlonal 
systems,  proved  untrue.  Ultlmately, HRD systems  were developed  to  the  polnt  where  they 

effectlve  use of all  of the  avallable  agent By observatlon,  the  second  premlse  appears to be 
requlred  appreclably  less  agent  than  conventlonal  systems,  probably  because of more 

true,   that  1s. rapld  agent  discharge  notlceably  disrupts  the  normal  quantlty  and  drrectlon of 
the  airflow. 

SUCCESSFUL HRD SYSTEMS 

Piston  Engmes 

XR60-1 alrplane  for  use wlth h q u d  extingulshrng  agents ' Flgure 2 shows a slmllar  system 
Figure 1 shows  the HRD system  developed  for  the R-4360  englne lnstallatlon in the 

Fig. 1 HRD System for the XR60-1 Nacelle  Uslng  Methyl  Bromlde as the  Agent 

F l r e s  m Fllght, P a r t  V ,  The  Lockheed  Constltutlon  (Navy  XR60-l)," CAA Technlca? 
Development  Report No. 198, April  1953. 

'Lyle E.  Tarbell,  "Determlnatlon of Means  to  Safeguard  Alrcraft  from  Power-Plant 
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Flg .  2 HRD System  for  the XR60-1 Nacelle  Uslng  Carbon Dlorude as  the Agent 

the  agents  are  shown  for  each zone  Zone 4 posed a speclal  problem 1n thls  power  plant 
developed  for  use  with  carbon  dioade.  In  each  flgure,  the quantities and rates of dlscharge of 

because It comprlsed a number of small  isolated  volumes of varyrng  alrflows  Thls  partlcu- 

further.  It wll l  be  noted  from F i g s  1  and 2 that  the  systems  in  all  mstances  dlscharge  through 
la r  zone 1s not  slmllar to that of any  other  alrcraft  and,  for  thls  report, w l l l  not  be  consldered 

open-end  tubes. For   tes t   purposes ,  no agent  contalner  was  connected to more  than two outlets. 
The  advantages of this  arrangement  were  that  the  quantltles  dellvered  to  each zone  could be 
controlled  closely  and  could  be  altered  as  necessary  wlthout  affecting  the  quantltres  bemg 
dellvered  to  other  zones. A mlnlmum  number of outlets w a s  one of the tes t  obJectlves  In 
these  systems  there  were  a  total of five  outlets- one 1n Zone 3, one in Zone 2, and  three  in 
Zone  1  The  outlet at the r e a r  of Zone  1 was requlred  because of the  conflguratlon,  there  being 
no air outlets  in  the  lower  rear  region  The  dead  space had to be  handled  separately  Thls 
thlrd  outlet would  not  be  necessary 1n a  conventlonal  Zone  1  wlth  cowl  flaps  completely  around 
the  perlphery. 

Turbolet  Engines 

whlch  lncorporated two J-35 enelnes In this  lnstallatlon I t  was  convenlent  to  conduct flre 
Figure 3 shows  the HRD system  developed  for  the aft sectlon of the XB-45  power plant, 

tests  under  widely different alrclow  condltlons  because  the  airflow  depended  prlmarlly  upon 
the  power  output of the  engines  Flgure 4 lndlcates  the  quantltles of carbon dioxlde r equred  
under  various  test  condltlons,  and F i g .  5  shows  requlrements for methyl  bromlde  The  upper 

lncorporated  transverse  rlbs,  and  the  lower  curve  was  obtalned  after  a  hner had been  added  to 
curve 1n each  flgure  resulted from the  use of the  orlglnal  compartment  configuratlon,  wblch 

the  bottom  Interior  surface of the  compartment  was  more  mportant  to  extlnguishing-agent 
the  lower  part of the  cowhng  to  provide  a  smooth inner surface. In general,  the  conditlon of 

requirements  than  were  the  volume and  alrflow  conslderatlons  combined 

Extlngulshlng  Requlrements of a  Jet  Power-Plant  Fire Zone," CAA Technrcal  Development 
Report No 205, June 1953. 

3Charles A.  Hughes,  "Alrcraft  Fire  Extinguishment,  Part 11. The  Effect of A l r  Flow on 
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Flg 3 Experlmental HRD Extlngulshlng  System m the 
Aft  Gampartment  of  the XB-45 Nacelle 

" I" 

AIR FLOW THROUGH  COMPARTMENT (POUNDSISECOHDI 
C" m - L  - L a r * l  

"m I"IIY,,D* mn" 
I"DI.N.9Ln #NU.*. 

F l g  4 Carbon  Dloxrde  Requlred by Experlmental HRD System to Extlngulsh  Test   Flres  
Versus Pounds of A l r  P e r  Second Flowlng  Through  Flre  Zone 
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TEST  FIRE  EXTINGUISHED 

& l R  FLOW THROUGH COMPARTMENTlPOUNDS/SECONDS~ 1*m1l.ml8s #*D,.*. 

Flg 5 Methyl  Bromlde  Requlred by Experlmental HRD System  to  Extlngulsh  Test   Flres 
Versus  Pounds of Alr P e r  Second  Flowlng  Through F l r e  Zone 

HRD SYSTEM REQUIREMENTS AND LIMITATIONS 

lgh  rate  and  In a promlscuous  fashlon. In general,  such  undlrected  dlscharges  proved 
The  orlglnal  concept of the HRD system Involved  the dlscharge of agent  Into a zone a t  

nd the  dlrectlons of the  dlscharges  proved  very  Important 
’ .uate In zones of llttle  or no alrflow  In  zones of hlgh alrflow,  however,  outlet  locatlons 

Exammation of Flgs 1, 2 ,  and 3 shows  that  In  zones of hrgh alrflow  the  agent  outlets  are 
far   forward In  the  zone as practtcable  In  addltlon.  the  outlets  are so posrtloned that a 

t produced  by  the  propeller In Fig 3 ,  I t  can  be  seen  that the swlrl  patterns  produced 
llcal  agent-spray  pattern 1s provlded In the case of Ftgs 1 and 2 ,  the  swlrl 1s opposlte to 

round  the two englnes  are of the  opposlte  hand, clockwise around  the  rrght-hand  englne  and 
nnterclockwlse  around  the  left-hand  englne  Dlscharges  parallel  to  the  nacelle  centerlme, 
r perpendlcular  to It. were not  effectlve 

The  feed  hnes  between  the  agent  contalners  and  the  outlets  were  made as short  and as 
c t  as posslble  In  attemptlng  to  provtde a hlgh rate of agent  dlscharge.  the  need  for  short, 

drect  feed  llnes 1s obvlous  Muurnurn  llne lengths,  number of frttlngs.  and  number of turns 
n the  feed  lmes  are  essentlal m an HRD system 

n most  exlstlng  llqutd-agent  systems a f l l l  ratlo of 50 per  cent IS used,  whlch  means  that  one- 
Also  essentlal t o  the  effectlveness of the HRD system 1s sufflclent  agent  pressur1zat)on 

If the  volume of the  contamer 1s hquld  agent  and  one-half 1s the pressurlzlng  gas  The 
ntlty of propelllng  gas  requlred for an  agent 1s a functlon of the  system  volume, not a 

unctlon of the  volume of the  agent  contamer  The  ratlo of orlglnal  gas  volume  to  the  volume 
d the  entlre  extlngulshlng  system  (mcludlng  the  agent  contamer)  has  been  termed  “volumetrlc 
fflclency ‘I Thls  dlscusslon of volumetrlc  efflclency 1s based on a pressurlzatlon of 400 psl 

,olumetrlc  efflclencles of a number of extlngulshmg  systems  for  whlch  data a r e  glven In 
cause that 1s the  pressure  presently  used In  hquld-agent  contamers  Flgure 6 shows  the 

/Ith  volumetrlc  efflclencles of less  than 0 5 are  elther  margmal  or  completely  unsuccessful 
able I Successful  systems show volumetrlc  efflclencles  greater  than 0 5, whereas  systems 

,rlefly,  the  rnlnlmum  volume of propelllng  gas a t  400 PSI In  an  agent  contamer  should  be  equal 
o or greater  than  one-half  the  volume of the  entire  system. rncludmg that of the  agent con- 

ner Prehmmary   tes t s  have  shown  that  the  effectlveness of a system with a low volumetrlc 
fflclency  can  be  Improved  by  mcreaslng  the  pressurlzatlon ~n the  agent  contamer A study 

lqutd  extmgulshlng  agents 
In progress to  detefmlne  the  effect of contamer  pressurlsatlon  on  drscharge  rate  for 

nvestlgated  speclhcally. but  evldence  was  obtalned  whlch  shows  that  reduced f r l l  ratlos have  an 
The  effect of reducrng  the f1ll ratlo of  unwlnterlzed  carbon-dloxlde  cyhnders  was  not 

rot used 1n thls  work 
>verse  effect on carbon-dloxlde-dlscharge rates  Wlnterlzed  carbon-dronde  cyllnders  were 



TABLE I 

VOLUMETRIC EFFICIENCIES OF TYPICAL EXTINGUISHING  SYSTEMS* 

Tes t  
No. 

1 

2 

3 

4 

5 

6 
7 

8 

9 
IO**** 

11 

12 

13 

14 
15**** 

Volume 
Zone 

(cubic 
feet) 

190 

28 

109 
28 

109 

109 
28 

28 

Zone 
Alr  

(pounds 

second) 
pe r  

Fluid*** 

(agent)  (pounds) 

36  CH3Br 

CH3Br 

36 CH3Br 

36  CH3Br 

36 CH3Br 

36 CH3Br 

36  CBrZFZ 

CBrF3 

CBrF3 

CBrF3 
36 CHZBrCl 

CHZBrCl 

CHLBrCl 

CHZBrCl 

CHZBrCl 

13 

6 
40 

40 
60 

40 

13 

3.6 

2.3 

1 .o 
19 
22 5 

4 

4 

1.1 

Cylinder 
Volume 

inches) 
(cublc 

615 

205 

1292 

1292 

1938 

1292 

615 

3 85 
646 

345 

615 
646 

646 

3 85 

3 85 

Volume 
Flurd 

inches) 
(cubic 

209 
23 1 
640 

640 

960 
640 

23 1 

64 
41 
18 

275 

325 

58 

5 8  

20 

Volume 
Lme 

inches) 
(cubrc 

116 

27 

43  7 

160 

854 

854 

116 
227 

290 
68 

116 

290 

290 
227 

68 

Volume** 
Gas 

inches) 
(cubic 

406 

109 
652 

652 

978 
652 

3 84 

321 

605 

367 

340 

321 

588 

327 

365 

Volume** 
System 

inches) 
(cublc 

660 

232 

1729 

1452 
2792 

2146 

660 

612 

936 
45 3 

73 1 

936 

936 
612 

453 

Efficiency+* 
Volumetric 

0 62 

0.47 

0 38 

0.45 
0.35 

0.30 

0.58 

0 52 

0.65 

0 81 

0 46 

0 34 

0.63 

0.53 

0.79 

* See  Flg. 6 
** Gas  volume = cylmder  volume - fluid  volume.  System  volume = cylinder  volume t lme  volume.  Volumetric  efflclency = 

gas  volume . 
system volume *** CH B r  = methyl  bromlde,  CBr F = dlbromodlfluoromethane,  CBrF = bromotrlfluoromethane,  and  CH  BrCl = 3 2 2  3 2 

****These tests  were  conducted  using  an HRD system.  All  other  tests  were  made  uslng  perforated-tublng  systems. 
brornochloromethane. 
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0 

t 

c 

Flg  6 Effect of Volumetric Efflciency  on  Extlngulshing-System  Effectiveness 
(Agent  Containers  Pressurized  to 400 ps1) 

The requrement  for  smooth  Inner  surfaces in the  lower  regions of zones of high airflow 
~ not  pecullar to the HRD extlnguishlng  system.  Figure 7 Indicates  the  quantlties of llquld 
.gent requlred  in  the  rear  section of the XB-45 when  the  orlginal  conventlonal  extinguishing 
ystem  was  used.  Flgure  5  mdlcates  hqmd-agent  quantlties  requlred  under  the  same  condi- 

uslng  the  newly  developed HRD system In each  figure  the  upper  curve  was  ohtalned 

obtained  uslng  a  smooth  llner  over  the  rlbs  in  the  bottom  sectlon  It  may  be  seen  that  both 
curves f o r  the HRD system  are  lower  than  comparable  curves  for  the  conventlorn1  system 
I t  also  can be seen that, under  many  airflow  condrtlons,  the  rlbbed  inner  surface  requlred  a 

reater  quantlty of agent  than is requlred  by  volume  plus  airflow  consideratlons.  Unfortu- 

conventional  system  used  was  unsuccessful  with  the  ribbed  Interlor  and  the HRD development 
ly, slmilar  curves  for  the XR60-1 power  plant a r e  not avallable  because  the  original 

m g  the  origlnal  nacelle configuration wlth  transverse  rlbs.  and  the  lower  curve  was 

-8s not  inltlated until after  the  liner  had  been  added 
The  upper  curves of Flgs .  5 and 7 show that  the  turbulence  factor  varies  with  the  airflow, 

lncreaslng up to an  appronmate  airflow of six pounds per  second  in  the XB-45 and  then 
decreasing. Undoubtedly, this  peak  would  occur at  different flow rates  ln  dlfferent  conflgura- 

---. As  a result it 1s impossible,  at  present, in define  the  turbulence  factor  for any 
lnstallatlon  other  than  the XB-45 tested.  Obvlously,  the  conditlon  which  creates the 
turbulence-factor  penalty  should he eliminated by Increasing  surface  smoothness and 
improving  ventilatlon  and  drainage 

DEVELOPMENT O F  FORMULAS FOR  FUTURE HRD SYSTEMS 

dlfferent  types of zones  by HRD systems  are  glven  in  Table 11. In general.  the  agent  quantltles 
and  the  agent-discharge  rates  resulting  from  these  formulas w ~ l l  he conservative.  It 1s 
probable  that  future  experience  and  data wil l  make  posslble  reductlous in the  quantaties 
requred  as  more  reflnements  are  introduced into  the  testmg. 

The  formulas  derlved  for  the  quantities of the  various  extmgushmg  agents  required In 
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WITH  EXPOSED  ST,FFENERSIO  TEST  FIRE NOT EXTINGUISHED . TEST FIRE  EXTINGUISHED 

Flg. 7 

20 

I 5  

10 

5 

0 5 10 

AIR FLOW  THROUGH COMPARTMENTIPDUNDS/SECONDl 
15 c*l rEcwAL ElnLmI 

""n I""LY"I,O* CL*T.. 
,"n,Al.mYI m0,**1 

Methyl  Bromide  Requred  by  Perforated-Tubmg 
System to Extinguish  Test  Fires  Versus  Pounds 
of A l r   Pe r  Second  Flowing  Through  Fire  Zone 

mide.  Also  avallable 1s a reasonable  amount of data  to  lndlcate  that  dlbromodlfluoromethane 
and  methyl  brornlde  are  approxunately  equal 1n thelr  extlngushlng  abllltles.  Very few data 
have  been  obtamed  uslng  bromotrlfluoromethane,  but It does  appear  equal  to  the  other t w o  
agents on a welght basls.  Future  work  should  make  posslble  dlfferentlatlons  among  the  three 
Lquld  agents but, In all Instances, It 1s expected that the  requlrements wlll be reduced.  Bromo- 
chloromethane did not match the other  three  agents  in HFLD appllcatlons.  probably  because It IS 

appreclably  less  volatlle  than  the  others.  The  extlngulshlng  ablllty of carbon  dloxlde  was 
improved by the HRD appllcation.  but  even so, 1t st111 1s mferlor to  that of the  llquld  agents. 

were  discharged  withln one second  The  mlnlmum  duratlon of dlscharge  was 0.50 second  and 
the  maamum was 0.90 second.  The  duratlon of discharge of carbon  dloxlde  varled  between 
1.25 and 1.35 seconds. 

Of the  three  so-called  llquld  agents,  most  elrperlence  has  been  gamed  uslng  methyl  bro- 

In  the  tests  whlch  formed  the  bases  for  Table 11. the  quantltles of llquld  agents  speclfled 

TABLE I1 

WEIGHT OF EXTINGUISHING AGENTS REQUIRED BY HRD SYSTEMS 

Agent* 
A  and B 

Zone  Classification 
C D 

Smooth Zone** Smooth o r  Rough  Zone  Smooth or  Rough  Zone 
(Hlgh  Airflow) (Low Airflow) (No Alrflow) 

(cubic  (pounds)  (cubic  feet) (cubic  feet) 
feet) 

CH,Br 0.02V + 0.25Wa  0.0.5V 0.02v 

CBrF2 0.02V t 0.25Wa  0.05V 

CBrF3 0.OZV + 0 25Wa  0.05V 

CH2BrCl 0.025V t 0.4Wa 0 06v 

0.03V t 0.5Wa 0.07V 

< 

co2 

0.02v 

0.02v 

0.025V 

0.03V 

C H  Br  =methyl  brornlde,  CBrZF2 = dlbromodlfluoromethane.  CBrF3 = bromotrdluoro- 
methane, CH BrCl = bromochloromethane. and C 0 2  = carbon  dloxlde. 2 
**V = net  volume of the zone in  cublc  feet. W a  = pounds of arr  per  second  passlng  through 
the  zone at cruising  speed. 

3 



9 

HRD SYSTEM  DEFINITION 

rom  conventional  extingushing  systems  and  because it obvlously  provides  agent  hscharges 
t hlgher  rates  than  do  conventional  systems.  Accordmgly,  the  followlng  characteristics  are 

tntended both  as  recommendations  for,  and  defmlhons of, HRD fire-extmgulshmg  systems  for 
ircraft  power  plants 

A s  stated  previously,  the  term HRD was  chosen  because it distinguishes t h ~ s  development 

.lose as  possible  to  the  zones  to  be  protected 

restrictions  have  adverse  effects on rate,  it is probable  that  in  a  feed  line  wlth  many  changes 

discharge  rate  and  maklng  the  discharge  sporadic  and  meffectlve 
>f dlrectlon. quantities of propelhng  gas  can  get  past  a  liquid  agent,  thus  reducmg  the 

unrestrlcted  release of the  more  volatlle  liquld  agents,  as  well  as  carbon dioxlde. can  be 

1  Feed  lmes  should be as  short  as  possible,  reqlurlng  that  the  agent  containers  be  as 

2. Feed  lines  should be direct  The  fewer  fittlngs  and  turns,  the  better.  Expansions  and 

3 Feed  lines  should be open No nozzles  or  serles of perforations  are  required.  The 

lled upon for  adequate  dlstrlbutlon.  provided  the  outlets  are  located  properly. 
4 Feed-line  cross-sectlonal  areas  are  dependent upon  the rates  desired  and upon system- 

-1urn.e conslderatlons.  The  mlnlmum  diameter of the  feed  line is established  by  the  requlred 
ate: and  the  maximum  diameter 1s limited by the  need  for  keepmg the system  volume  at  a 

minlmum 

volume of the  propelllug  gas  in a system  pressurized  to 400 psi  should  be  at  least  one-half 

6 .  The  locations of the  agent-outlet  operungs ~n zones of little  or no airflow  are  not 

5 The  volumetric  efflclency of an HRD system  should  be  at  least 0.5. that is, the  original 

he  volume of the  entire  system,  including that of the  agent  container. 

crltrcal.  A  satlsfactory  location is at   the  center of the  top of the zone, with  the  agent  directed 
downward. 

7. Agent-outlet  locatlons in zones of iugb  airflow  are  critlcal.  Such  outlets  should  be 
located  as  far  upstream  as  practicable  The  discharge  should  be  directed  across  the  air- 
t ream and  sllghtly  downstream  in  such  a  fashon  that  a  helical  spray  pattern is produced. 

-or  plston-engme  lnstallatlons,  developments to  date  have  been  with  thls  swirl  directed 
:ounter  to  that  produced  by  the  propeller 

>f llttle o r  no airflow,  regardless of the  conflguratlon,  the  required  agent  quantity is dependent 
8. Agent  quantltles  for  particular  zones  should be calculated  as  shown in Table 11. In zones 

~pon  the zone  volume In sones of high airflow  with  smooth  inner  surfaces in the  lower 
ctlons, the quanttlty  of agent  required 1s dependent  upon  volume  and  airflow.  In  zones of 

ngh  airflow  wlth  transverse  ribs  and  other flame holders  ~n  the  lower  sections.  the  qUanhty 

IY the  rough  interior  This  turbulence  factor 1s normally  much  more  Important  than  the 
If agent  reqlured 1s dependent  upon  the  volume,  the  airflow,  and  the  turbulence  factor  produced 

or  general  application 
lrflow  and  the  volume  considerations  combmed4 and, at  present, it has  not  been  determined 

me second,  varymg  between 0.5 and 0 9 second  The  minimum  discharge  duration of 0.5 

ffectlveness When e a s t m g  equipment is used,  however,  a  durahon of 0.5 second is the 
.cond undoubtedly  could  be  reduced  safely,  wlth  a  resultant  improvement in the  system 

nmlmum  that  can  be  expected In the  case of carbon  dioxide,  the  dlscharge  duratlon  should 
>e  between 1.25 and  1 35 seconds 

alculated f o r  conventlonal  systems do not  apply  to HRD systems  Conversely,  quantltie6. 
- I  ,, and  duratlons of agent  discharge  calculated  for HRD systems do not  necessarlly  apply 

o conventional  systems 
11 The mere  addition of extlngulshmg-agent  quantity t o  the  quantities  required  does Mt 

~ ' -  a  safety  factor  and  may  result  in  reducing  the  safety  factor An increase  in  safety 

9. The  quantities of liquid  agents  referred  to  in  item 8 should  be  discharged in less  than 

10. Puantltles of agents,  rate of agent  dlscharge,  and  durations of agent  dlscharge  wbcb  are 

an  result   from  an  increase in  the  rate of agent  discharge. 

It  should  be  emphasized  that  the  quantltles of agent,  the  two-second-dlscharge  durabon, 
nd the  rates of agent  dlscharge  which  were  required  for  the  conventronal  perforated-tube 

-equlrements of conventlorn1  and HRD systems  are  completely  different.  Accordlngly. when 
nd nozzle  systems  are In no sense  changed  by  this  report.  Puantltles,  rates,  and  duration 

'hen  an HRD system 1s designed,  pertinent HRD factors  are  needed. 
conventional  system is deslgned,  the  particular  factor  for  such  systems  should be  used. 

41bld. 
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Fig 8 Theoretlcal  Comparison of Extlngulshmg-Agent  Concentratlons 
Produced  by HRD and  Conventlonal  Systems 

as  required by the two systems  There is evidence  that  the two seconds  needed  by  conven- 
Questlons  have  been  raised  concerning  the  dlfferences In duratlon of agent  discharge 

tlonal  systems  resulted  from  the  tlme  required to reach a concentratlon  sufflclent  to 

line  lndlcates  agent  concentratlons  produced  by  the  short  blast of an HRD system, and the 
extingush a f i re  and  the  tlme  durmg  whlch  the  discharge  receded In F l g  8. the  solid 

dotted  llne  lndlcates  the  agent  concentratlons  produced  by a relatlvely low rate,  conventlonal 
system  dlscharge  The  perlod  required for sufflclent  concentration  for  extlnguishment 
produced  by  both  systems LK the  same, but  In the  case of the  conventional  system  the  agent 

in  the  case of the HRD system  The  quantlty of agent  dlscharged  over  the  perlod of the  cro 
required  durlng  the  perlods of lncreaslng and decreasing  concentratlons 1s much  greater th  

hatched  areas would  indicate  the  dlfference  in extinguishing-agent requirements 


