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AIRCRAFT FIRE EXTINGUISHMENT 

PART IV 

EVALUATION OF A BROMOCHLOROMETHANE FIRE-EXTINGUISHING SYSTEM 
FOR THE XB-45 ALRPLANE 

SUMMARY 

A bromochloromethane fire-extmgushmg system, deslgned by Walter Kldde & Company, 
Inc , in accordance with USAF Speclflcatmn MIL-E-5352, was fabricated and installed 1x1 an 
XB-45 axplane power plant. Fxe-extmguxhmg tests were conducted under simulated flight- 
fire emergency condltmns to check the vall&ty of certam phases of the speclflcatmn and of 
certain design practices Quantity requirements for extmgulshmg fxes 1x1 each nacelle 
compartment were determmed for bromochloromethane and dlbromodlflvoromethane 

Present design practices were found to result m a system whxh meets the requrements 
of MIL-E-5352 speclfxcatmn for the duration of agent discharge and for agent dlstrlbutmn 
The quantity of agent required by the speclfxatmn (48.82 pounds) was found to be Inadequate 
for extmgrushmg all nacelle fxes. The mxumllm quantity of agent for extmgulshmg all fires 
was determmed by test to be 66 pounds. 

A system designed for bromochloramethane proved satisfactory for use Urlth &bromo- 
d,fluoromethane. On the baas of wezght, the latter agent was somewhat more effective 

INTRODUCTION 

Smce August 10, 1950, the Department of the Air Force has made use of bromochloro- 
methane I” fxed hre-extmgushmg systems for new arcraft. Requrements governmg the 
mstallatmn of such systems are described 1” M,ktary Speclficatmn MIL-E-5352 (USAF). 

Durmg fxe-protectmn studies on an XB-45 airplane power plant at the Technxcal 
Development and Evaluatmn Center of the Cxvll Aeronautxs Adrmrustratmn, the adequacy of 
certam requrements contamed in the speclficatmn was checked by conductmg full-scale 
fire tests. For this purpose, a bromochloromethane system, deslgned in accordance with 
Speclflcatmn MIL-E-5352 (USAF) by Walter Kxdde k Company, Inc , was Installed in the 
XB-45 nacelle Tests were conducted to deterrmne the effectiveness of the system 

Because of present Interest zn dlbromodlfluoromethane as an extmgrushmg agent. the 
quantity requremcnt when usmg thrs agent ,n the system deslgned for bromochloromethane 
was determmed 

TEST PROCEDURE 

The fue-extmgushmg tests were conducted m the right twn-engme nacelle of an 
XB-45 U, S. Air Force bomber. The extmgushmg system used was of a configuration 
sxmlar to the CO2 system normally used in the airplane but utxllzmg line and nozzle sxzes 
in accordance with bromochloromethane-system design Des,gn calculatmns of agent 
quantity requrements are given in Table I, and a schematic of the system 1s shown in Fig. 1 

The test procedure was Intended to reproduce, as nearly as possible, those cantitlons 
whch evlst durmg and followmg fhght fires I” the XB-45 airplane Engmes were operated 
at normal crusmg rpm (90 per cent of maxunum rated) and with two mches Hg engme-Inlet 
total air pressure. After fire detectmn by the nacelle detector system, both engmes were 
shut down by closmg the throttles and then dlschargrng the extmgushmg agent Thrs test 
procedure resulted u, a fire duratmn of approximately seven seconds. Extmgmshment 
occurred durmg the transient condltmns of engme shut-down. Ax flow under simulated 
crusmg condltzons was measured and found to be approximately 0 3 pound per second u, 
each compressor compartment and approxxnately 12 pounds per second in the aft compart- 
ment. hr flow under the transient condxtzons of engme shut-down at the tm,e of extmgulshment 
was not measured 

Tests were conducted with fires at various locatmns wthm the nacelle compartments. 
These locations are shown u, Fig 2. Fires in the compressor compartment were those 
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Fig. 1 Bromochloromethane Extraguishing System, XB-45 Nacelle 

resultrig from the lgrutlon of avlatmn gasolxne released at a rate of 2.5 gpm from a perforated 
ring. Ttis ring surrounded the engine and was located at the forward end of the compartment. 
It was constructed of 3/g-mch copper tubzig and contained 25 holes l/64 mch in &ameter 
Test fires used xn the nacelle aft compartment were those resulting from the rgrutmn of 
aviatmn gasollne released at a rate of 3.6 gpm from a l/2-mch OD open-end tube 

In ad&tmn to the determlnatlan of the effectiveness of the bromochloromethane 
exting~slvng system when the recommended quantxty (66 pounds) of agent 1s used, the 
l”vestl@iO” Included the deterrmnatlon of rrunxmurn quantity requirements. When these 
tests were conducted, the agent-container pressure used for each test run was calculated by 
use of the formula 

PzV2 Pl =- 

v1 

(1) 
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TABLE I 

CALCULATED QUANTITY REQUIREMENT* 
(Bromochloromethane Extmgushmg System for XB-45 Nacelle) 

‘alume, v** 
(C” ft) 

236 

44 

2 

‘A 

i 

.,r Flow, W *** 
(lbs per se%) 

6.0 

0.6 

Factor 

0.16V + 0.56W a 

0 16V t 0.56W 
a 

0.16V + 0.56Wa 

A 

I 

.mount of Brom 

Rec=ted 

41 12 

7 3.8 

0.32 

48.82 

oc 

I 

hloromethane 
Allotted 

(lb=.) 

55.6 

10.0 

0.4 

66.0 

t Based on the reqmrements of Arkle 3.31 of Maary Speclflcatlon MIL-E-5352 (USAF) 

** v = Gross volume of the compartment, I,, cubx feet 

*+* Wa = Expected air flow through the zone for normal crusmg con&tmns, in pounds per 
second 

where 

P1 = agent-contamer rutroger, chargmg pressure, in psi 

V, z xntial gas volume = volume of contamer -11~s volume of agent used, m cubic 
mche s 

V2 = volume of contamer plus volume of extmgushmg system, in cuknc Inches 

P2 = final ascharge pressure (&kc) at nozzle, in pa. 

For the canrhtmns of testmg, 

V1 = (945 x 2) minus volume of agent used, in culnc Inches, 

= 1890 rrunus volume of agent used 

V2 = 1890 plus 1274 = 3164 cubic Inches. 

p =400x930 
2 = 3164 117 psi 

Thus p 
1 

= 117 x 3164= 370,188 
1890 - V, 1890a 

where Va = volume of agent used, cubx Inches. 

By the use of t,us method to determme conttamer pressure for each test, the nozzle- 
outlet pressure at the end of llquld &charge was mamtamed constant and the effect of 
varlatmns in volume of pressurzmg rutroger, was elumnated 

Upon complekm of fue-extmgmshmg tests on bromochloromethane, a lmuted number 
of smular test runs were made usmg dlbromodlfluoromethane 

(2) 

(3) 
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Fig. 2 Fire-Nozzle Locations for Bromochloromethane Extmglushmg-System Studies, 
XB-45 Nacelle 

In addrtmn to the full-scale fire-extlnguebing studies, tests were conducted to deter- 
mme the duratmn of dxcharge of the agent and the &strlbution characterlstlcs of the 
bromochloromethane extmgushmg system. The duratmn measurements were made usmg a 
high-speed motion-picture camera and a timing clock. Dlstrlbution measurements were taken 
by dlschargmg * volume of water equvalent to 66 pounds of bromochloromethane. The quan- 
tities discharged from those portmns of the system whxh normally provide agent to the 
compressor and the accessory compartments were caught m large neoprene balloons and were 
waghed. The quantrty hscharged from the aft portmn of the system was assumed to be the 
difference between the total charge and the measured quantities discharged from the forward 
portmns of the system. It mcluded the agent lost m the system during discharge. 

RESULTS AND DISCUSSION 

The results of tests conducted on the bromochloramethane extingmshmg system are 
given m Tables II, III, and IV. The duration of dense becharge was determmed to be 1.5 
seconds, md the duration of vlslble discharge was 3.1 seconds. These values were the 
average of three tests, the results of which are as shovrn in Table IL The system was 
considered as meetmg the bscharge-duration reqmrement of Speclf1catmn MIL-E-5352 (USAF) 
wbxh states, “The duratmn of dxcharge of the agent shall be two seconds or less ” 

The results of dxstrlbution tests usmg water and a comparison of these results with 
expected design values are shown ln Table Uf. When the proportmnal dxstrlbutmn of bromo- 
chloromethane 1s assumed to be the same as for water, the tests mdxated that slightly 
greater qmntitles were ascharged mto the forward nacelle compartments than was expected 
from design calculations. Also, a somewhat smaller quanttlty than expected was hscharged 
mto the aft compartment. 
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TABLE II 

DURATION OF DISCHARGE OF THE BROMOCHLOROMETHANE EXTINGUISHING SYSTEM 
USED IN THE XB-45 NACELLE 

Test Condltmns Agent discharged, 66 pounds bromochloromethane, cylmders used, 
2 cylmders of 945-cubx-mch capacity each, chargrng pressure. 400 psi 
nitrogen 

Duration of Vlslble Discharge 

Duration of Dense Discharge I 1.6 

I 

1.5 

Test No. 3 Average 
(*=4 (*=c) 

3.1 3.1 

l----l- 1.5 1.5 

TABLE III 

DISTRIBUTION OF AGENT BY THE BROMOCHLOROMETHANE EXTINGUISHING SYSTEM* 

Measured Dlstributmn 
Compartment Test 1 Test 2 Test 3 Average Design Dlstrlbutron 

(per cent) (per cent) (per cent) (per cent) (per cent) 

Aft** 78.7 81.0 82.15 80.6 84.3 

Compressor 18.6 17.25 16.1 17.3 15.1 

Accessory 27 1 75 1.75 2.1 0.65 

*The test values llsted were based on the dzstrlbutmn resultmg from discharging water. 
**Test values llsted for the aft compartment mclude the quantity lost m the system durmg 

ducharge 

The candltmns and results of full-scale fire-extmglushmg tests are shown m Table IV. 
A summary of results and a comparison of these results with calculated design requrements 
are shown m Table V. The full-scale fxe tests mdrcated that total system requrements 
were 32 4 pounds of bromochloromethane for extmgusbxxg aft-compartment fires and 66 
pounds for extmgushmg compressor-compartment fires. Based on dlstrlbutmn &u&es of 
the system, these values mdxate that a discharge of 22.9 pounds of bromochloramethane 
Into the aft compartment and of 11.4 pounds mto both compressor compartments was reqmred. 
In comparison, the speclflcatlon requrements,as shown m Table I, were 41 pounds and 7.38 
pounds, respectively. 

In the course of testing, the air flow wlthm the compressor compartments was noted to 
mcrease very much durmg engme shutdown from normal crlusmg operation. Thrs was due 
to an Increase m statx pressure at the engme mlets and to air leakage around the engme ax=- 
gude seals. See Fig 3. Ax flow m the aft compartment, however. was greatly reduced 
durmg engme shutdown. Thus, under the con&tmns of extmgushment, ar flow m the com- 
pressor compartments was In excess of that exxstmg far normal crusmg and m the aft 
compartment it was less. The use of compartment air flow at normal crusmg condxtmns w&s 
therefore InapproprIate for computmg agent quantity requrements for the X8-45 axplane 

Tables IV and V also give the results of fire-extmgushmg tests when dlbromodxfluoro- 
methane mstead of bromochloromethane 1s used A comparlsan of quantity requrements for 
the two agents mdlcated that dlbromotifluoromethane was more effective by weight than 
bromochloromethane under the condltmns of testmg 
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Fig 3 L,olver Portmn of Seal Between Engine Air Inlet and Compressor Compartment 

CONCLUSIONS 

Evaluatmn of the bramochloromethane fire-extmgushmg system, deslgned for the 
XB-45 alrp1an.Z nacelle in accordance wultl, Mllltary Speclfxatlon MIL-E-5352 (USAF), 
mticated that 

1 The duratmn of effective dxecharge was vnthm the two seconds requred by Article 3 3.2 
of the speclfxatmn. 

2 Apportmnment of agent to the various nacelle compartments was generally in accordance 
with design calculatmns, although the quantltles discharged to the forward compartments 
were slightly greater and the quantitxs dxscharged Into the aft compartment ulere somewhat 
less than calculated design values. 

3. Agent quantity reqlvrements determmed far the aft compartment m accordance with 
Artxle 3.3.1 of the speclfxatmn are m excess of actual requrements determmed by fire- 
extmgulsiung tests. 

4. Agent quanttlty requrements determmed for the compressor compartments ln accordance 
with Artxle 3.3 1 of the speclfxatmn are less than actual reqmrements determmed by fire- 
ertmgushmg tests 

5. The extmglushmg system deslgned for bromochloromethane proved satmfactory for 
use with ~bromodlfluoromethane. 

In general, It was concluded that the design methods used were such that they produced 
an extmgushmg system whxh meets the requrements of Mxlltary Speclflcatmn MIL-E-5352 
(USAF). It ,vas further concluded that Artxle 3 3 1 of the speclfxatmn 1s madequate because 
of the lack of any relatmnshlp between the actual axr flow that may exist m a compartment 
durmg extmgushment under shutdown condltmns and the air flow Wa under normal crusmg 
condltmns. 



Test 
No F l- 



TABLE V 

MINIMUM AGENT REQUIREMENTS FOR EXTINGUISHING XB-45 NACELLE FIRES 

System 
ComDressor- I Aft- I ComDressor- I Aft- 

1 compartment I compartment I compartment I Compartment 
l%re* &es Fires Fnes 

CH2BrCl CF2Br2 CH2BrCl CF2Br2 CH2BrCl CF2Br2 CH2BrCl CF2Br2 

(lb*) (lb*) (lb*) (lb*) (lb*) (lb*) (lb*) (lb*) 

Test Results 66 54 32.4 27.2 5.7 4.7 22 9 19.2 

DeSlgl? 
Calculations 48 8 48.8 37 41.1 

*Values llsted are based on system-dkrxbuimn tests’usmg water with a ten per cent loss of 
agent durmg discharge assumed. The quantltles hsted for compressor-compartment fires 
are for one of the two compressor compartments. 


