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AIRCRAFT FIRF EXTINGUISHMENT 

PART II 

THE EFFECT OF AIR FLOW ON EXTINGUISHING 
REQUIREMENTS OF A JET POWER-PLANT FIRE 7 ONE 

SUMMARY 

Test fires were conducted in the fire 
zone of alet power plant in order to determme 
the mlnxnum amounts of fire-extmgulshmg 
agents required for extlngulshment under 
tifferent condltlons of air flow through the 
zone The tests were conducted with four 
extmglushmg agents which were discharged 
through c o n v e n t lo n a 1 and experznental 
systems fxst, with the zone in Its orlglnal 
condlt1on, and later, with a lmmg in the 
lower portmn of the fire zone to provide 
a smoother flow of air 

Results mdlcate that the rate of air 
flow mfluenced the amount of extmgwhmg 
agent required for extmgulshment of the test 
fires With the lmmg x,stalled, the quantity 
of fire-extmgulshlng agent required was 
approximately a lxnear function of the 
rate of air flow Wlthout the lmmg and 
at the lower rates of air flow, burnmg fuel 
fell to the bottom of the nacelle and collected 
between the structural members or ribs 
This resulted in Increased extmgulshmg- 
agent requirements The results also 
mdlcate the effectiveness of each of the four 
extmgulshmg agents tested and prowde a 
comparison between the two systems 

INTRODUCTION 

Hot engme surfaces of ,&-propelled 
arcraft are generally cooled to some degree 
by a flow of air In most arcraft, the flow 
of air m the vxmltyof hot engme surfaces 1s 
rather turbulent because of the exposed 
structure which surrounds such surfaces 
The turbulent flow of air which contans fire 
can complicate the extmgulshment problem 
and, under some candltlons, can make 
extingulshment with a magma1 extmgxushmg 
system very dlfflcult 

The work described in this report was 
conducted to determme the effect of varraus 
condltlons of air flow, to evaluate new 
methods of fire extx,gulshment, and to 
evaluate newly de v e 1 o p e d extmgulshmg 
agents Although the test article used in this 
work was the XB-45 nacelle, the test results 
are of a general nature and apply to any 
similar type of power plant 

DESCRIPTION OF TEST EQUIPMENT 

The aft compartment of an XB-45 
right twm-engme nacelle was used as the 
fire zone in these tests It IS shown xn 
Fig 1 The compartment contamed a net 
volume of approximately 237 cubic feet and 
was 17 5 feet m length Durmg the test 
program, It was modlfed by covermg the aft 
bottom door and the two mtermedlate doors 
with an mslde lmmg of 0 OlS-Inch stalnless 
steel to cover all the transverse stiffeners 
in the lower portmn of the compartment and 
to prevent excess fuel from drammg Into the 
recesses betveen the stiffeners This 1s 
shown in Figs 2 and 3. Ventllatmn and 
dranage were provided for the enclosed 
regmns between the llnmg and the outer 
skm In the XB-45 nacelle, the outlet ends 
of the Jet-engme tall pipes are recessed 
sufflclently to cause an al= e,ector action 
and thus Induce air to pass through the 
compartment from the Inlet louvers at the 
forward end of the compartment This 1s 
also shown in Fig 1 

The two extmgulshmg systems used in 
the tests were (I) a perforated tubmg 
system. and (2) an evperlmental High Rate 
Discharge (HRD) system The perforated- 
tubmg system 1s a modlficatlonof the carbon 
dmxlde (CO2) system mstalled x, the nacelle 
by the manufacturer of the air frame. For 
these tests the lme to the forward compart- 
ments was plugged x, order that all of the 
extmg,ushmg agent would be discharged mto 
the aft compartment only, as shown in Fig 4 
Ellmmatlon of the forward dlstrlbution line 
would normally requ,re reductlonof the feed- 
lme area. however, the next smaller normal 
tube size (1 l/4-Inch) was too small and 
therefore the orlgmal feed lmes were re- 
tamed This system was orlgmally deslgned 
to use five carbon dmxlde contamers, each 
equipped with a one-Inch flood valve Durmg 
these tests. only four 646-cubic-mch carbon 
dmxlde contxners were discharged through 
the system, because the part of the system 
m the forward compartments was not used 
When llqu,d agents were used, they were 
discharged through the system by two 536- 
cubic-Inch Walter Kldde e x t 1 n g u 1 s h e r 
spheres 



Fig 1 XB-45 Nacelle Shcwng Aft Compartment 

i 

Fq. 2 Aft Bottom Doors Used III Tests 



Fig 3 Intermedxate Doors Used m Tests 

Fig 4 Conventmnal Perforated-Tubmg Extmguxshmg System III the Aft Compartment of the 
XB-45 Nacelle 
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Fig 5 Expermental HRD Extmgushmg System 1” the Aft Compartment of the XB-45 Nacelle 

The HRD system tested 1s shown 1” 
Fig 5. This system was expermental and 
should not be consldered as an optlmum 
deslg”. It consIsted of four I-mch outslde 
drameter (OD) tubes, each leadmg to a smgle 
pomt of &scharge The extmgushmg agent 
was discharged from the unrestricted open 
ends of these tubes The discharge ends were 
located I” the forward part of the aft com- 
partment so that they were ad]acent to the 
coolmg-armlet louvers Theyweremounted 
along the horizontal center line of the fire 
wall, with one tube on each side of each 
engme I” order to obtam good tistrlbutmn 
of the extmgushmg agent, the tube on the keel 
side of each engine was dlrected aft and 
approxunately 30 degrees above horizontal 
and the tube on the outslde of each engine 
was dire ct e d aft and approxmately 30 
degrees below horzontal Durmg the carbon 
dmxlde tests. four 386-cubic-Inch carbon 
dmxlde cylmders equipped with 1-mch flood 
valves were each attached to one of the four 
&scharge tubes Durmg the tests with the 
llqud agents, one 536-cubic-mch Walter 
Kldde dual-outlet extlngushmg sphere was 

used The two sphere outlets were connected 
to two tubes each so that the extmglushmg 
agentwould be discharged throughfour tubes 

, 

Because of the shorter dlstrlbutmn 
l,nes and consequently the smaller volume, 
smaller containers for the extJ”gu1shmg 
agent were used with the HRD system than 
with the conventmnal perforated-tubmg sys- 
tem. The volume of the perforated-tubmg 
extmgushmg-system lmes m the aft cam- 
partment was 875 cubic mches compared to 
290 cubic mches for the lmes of the HRD 
system All extmgushmg-agent contamers 
for the llqud agents were pressurized with 
,utrogen to 400 pounds per square mch (pa) 
Durmg the permd of no air flow, when the 
quantltles of agent used were small, a larger 
volume of “ltrogen was used for pressurma- 
tmn The ~“ltml pressure and contamer 
sme remuned constant for each series of 
tests at the “allOU* rates of al= flow. 

The four ertmglushmg agents used m 
the tests were carbon dloxlde, methyl 
bromide, bromochloromethane, and tibromo- 
dlfluorometha”e. the latter three bang 
consldered llqmd agents. 
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F,g 6 Fire-Extmgulshmg Test Results With 
Carbon Dmxlde Under Varmus Condl- 
tlons of Am Flow (Conventional 
Perforated-Tubing System) 

TEST PROCEDURE 

Smce the blowers were coupled dmeetly 
to the engme mtakes, air flow through the 
compartment was mduced by the eJector 
actmnof the endsof the tal pipes, therefore, 
various rates of air flow for the tests were 
obtamed by controllmg the revolutions per 
minute (rpm) of the ,et engines Test fires 
slmulated burnmg fuel from fuel-lme and 
fuel-filter leaks m the aft compartment 
These fires burned avlatmn gasolme at a rate 
of 3 6 gallons per rmnute (gpm) The Ores 
were spark-lgmted and allowed to burn for 
five seconds before the extmgushmg agent 
was dxscharged The extmgushmg agent 
was &scharged ten seconds prmr to the tune 
the fuel supply of the test fire was cut off 
and “tile the engmes were operatmg No 
engme-shutdown procedure was used, and 
the rpm of the Jet engmes was held constant 
during any one test The englne-shutdown 
procedure was necessarily elmunated 1” 
order to cover a reasonable range of air-flow 
co”dltlo”s. 

Tests were repeated at ldentlcal rates 
of arc flow unt11 the rnl”l”lun agent quantity 
reqmred to extmgush the test fire was 

Fig 7 Fire-Extmgmshmg Test Results With 
Carbon Dmxlde Under Various Condl- 
tmns of Air Flow (Expermental HRD 
System) 

determmed. Tests which resulted I” extm- 
gushment or m failure to @*tingush were of 
equalimportance,becausethe fmalevaluatmn 
was made by comp&r~ng the munmur” 
quantities of the agent required for extm- 
gushment under each of the different test 
condltlons 

RESULTS AND DISCUSSION 

Results of the tests are shown I” Figs 
6 to 13 Only small quantltles of the extm- 
glushmg agents were requred for extmgmsh- 
ment of all of the test fires when there was 
no air flow through the fire zone I” the 
absence of ax flow, the quantities of agents 
requred were determined by the volume of 
the fire zone Flow of air mtroduced another 
factor that mcreased extmgulshmg-agent 
r@qulr@m@“ts 

Durmg the tests conducted with the fire 
zone m Its orlgmal state and under rates of 
a17 flow from zero to approx1mate1y @lx 
pounds per second, the “mumum quantrtles 
reqrured of all agents to extmglush test fires 
mcreased with mcreased rate of azr flow 
Under rates of air flow above approximately 
SUT pounds per second, the requred quantity 
of the extmgulshmg agent decreased with 
mcreased rates of air flow 
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Fq 8 Fire-Extmgmshlng Test Results With 
Methyl Bromtde Under Varmus Con- 
dlbons of A I r F 1 o w (ConventIonal 
Perforated-Tubmg System) 

Fig 10 Fire-Extmgulshmg Test R e s ul t s 
With Bromochloromethane U nd e r 
Various Condlt,ons of Al I Flow 
(Co n v e n t 1 on a 1 Perforated-Tubmg 
System) 

Fig 9 Fire-Extmgmshmg Test Results With 
Methyl Bromide Under Varmus Con- 
dltlons of Am Flow (Expermental 
HRD System) 

Fig 11 Fire-Extmgmshmg Test R e s u 1 t s 
W,th Bromochloromethane Unde I 
Varmus Condltmns of A,r Flow 
(Experimental HRD System) 



Fig 12 Fm-Extmgulshmg Test Results 
With Dlbromodlfluoromethane Under 
Varrous Condltmns of A,r Flo,., 
(Conventional Perforated-Tub,ng 
System) 

When the rate of air flow was less than 
s.1~ pounds per second, burnmg fuel fell to 
the bottom of the compartment between the 
transverse stiffeners of the bottom doors and 
was supphed wxth air for combustmn from 
the extermr of the nacelle Thus supply of 
air was drawn mto the nacelle through small 
openmgs, such as door joints, by the negative 
static pressure which 1s created by the 
eJ’3Ct.X action and whxh mduces coolmg am 
to enter the forward louvers and flow through 
the compartment Durmg many of the tests, 
the extlngulshmg-agent eoncentratmn In the 
compartient was sufflclent to extmgrush the 
fire near the pmnt of fuel release, but small 
fires IP the bottom of the compartment at 
locations of air leakage were not extmgushed 
and would Ielgrute the fuel at the mau, fire 
locatmn as soon as the coolmg air flow 
reducedthe entiglushmg-agent concentratmn 
m the compartment Tlus was evidenced by 
the total disappearance of the mbln fire upon 
dxcharge of the extmgushmg agent and, 
after approximately two seconds, a re~gnrhon 
of the main fire. often in the form of a rmld 
e*pl0s10* 

When the rate of arr flow was greater 
than SIX pounds per second,there was vlslble 
ewdence of fuel bang carrled out of the 
compartment v&h the ar. This conditmn 

Fig 13 Fue-Extmgu.shmg Test Results 
With Dlbromodlfluoromethane Under 
Varmus Condltmns of Air Flow 
(Experunental HRD System) 

was evrdenced by a wettmg effect on the 
stanless steel structure which provided fire 
and exhaust protection to the aft portmn of 
the compartment at the ends of the engine 
tall p’pes where the coolmg ar emerges 
See Fig. 1 Fuel curled by the coolmg air 
from the compartient could not fall to the 
bottom of the compartment and burn. Thx 
benefited extmglushment at the higher rates 
of a1r flow. 

When the compartment was NIL Its ore- 
glnal state, the agent reqvlrements for the 
experimental HRD system were less thanfor 
the perforated-tubmg extingushmg system 
The unrestricted open ends of theHRD 
system produced very-hagh-velocity &s- 
charges, and this sudden release of the agent 
zncreased the pressure III the compartment 
to overcome partrally the negative static 
pressure and thus decreased the flow of air 
Into the compartment. After the lmmg was 
mstalled, the agent requrements for the 
experunental HRD system were less than 
for the perforated-tubrng entmgushmg 
system III all mstances except when carbon 
dxaude was used. 

Installatmn of the lming on the bottom 
doors of the compartment prevented the 
accumulatJon of fuel ln that area No attempt 
was made to prevent leakage of air through 
the door JOlIltS The lunng slxghtly mcreased 
the rate of air flow and reduced Its turbulence 



The smooth surface provided for the rapld 
removalof excess fuel from the nacelle The 
slgnlfxant reduction in extmgushlng-agent 
reqrurements whxh re suited from the 
mstallatmn of the lmmg may be noted In 
Figs 6to 13 

ln order to cover the widest possible 
range of air flow, the emergency procedure 
was not used m these tests Therefore, m 
order to relate these test results to any 
particular mstallatmn, the rate of ax flow 
m that mstallatmn at the tnne that the extm- 
gushmg agent 1s discharged must be known 
In the XB-45 nacelle tested,when emergency 
procedure was used the rate of air flow at 
the t-e of agent discharge was between 5 5 
and 7 3 pounds per second 

CONCLUSIONS 

1 Extmgulshmg-agent requrements In 
this let power-plant fire zone were greatly 

mfluenced by the rate of ax flow, however. 
the tests mdlcated that fire -zone conflguratmn 
1s the most Important factor to be consIdered 
m de te rm~n~ng fire-extmgulshlng-agent 
requrements whenthe rate of air flow 1s also 
a factor 

2 Smoothhrezone mtermrs conslderably 
ald fire extmgrushment when azr flow exists 

3 The MID method of extmgulshment 
showed p r oml s e partxularly when the 
extmgushmg problem was complicated by 
the fire-zone constructmn 

4 In the order of effectiveness of the 
extmgushmg agents tested (on the basis of 
weight), methyl bromide and dlbromodl- 
fluoromethane WI e r e approxxnately equal 
Bromochloromethane was less effective than 
those agents but was more effective than 
carbon dmxlde 


