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Information and Illustrat,ons contamed 
,n this report under the se&Ions entltled 
“Descrlptmn of Instrument” and “Data Re- 
ductlon” were obtamed from the Sermce 
Manual provided by Statham Laboratones, 
Inc , under contract with the Department of 
the Air Force 



AIRCRAFT FIRE EXTINGUISHMFNT 

PART III 

AN INSTRUMENT FOR EVALUATING 
EXTINGUISHING SYSTFMS 

SUMMARY 

A gas analyzer for eva1uat1ng al&-craft 
hre-extmgulshmg systemswas callbratedfor 
use with carbon dmxlde,methyl bromide, and 
bramochloromethane Extensive applxcatlon 
of the analyzer I,, evaluating the carbon 
dmude system of the XB-45 power plant 
proved It to be of practical value Operation 
of the mstrument in flight proved satxfactory 

INTRODUCTION 

Adlfflcultprablem associated with al=- 
craft fire protectmnls the proper dlstrlbutlan 
of an extmguishmg agent in the various fire 
zones Heretofore, the dlstrlbutlon of the 
agent and the resultmg cancentratmns have 
not been measured In most instances a 
complete fire-testlngpragramls 1mpract1ca1, 
and extmgulshmg-system evaluation IS based 
on rate calculatmns, visual observations, 
and measurements of the duratmn of dls- 
charge The se mdlrect and madequate 
methods have been unsatisfactory, and the 
need for an mstrument capable of recordmg 
the percentage and duratmn of agent concen- 
tratlon m nacelle compartments has been 
evident Such an mstrument would provide a 
pract1ca1 means for evaluatmg aircraft fire- 
control measures and would represent a tool 
essentlalto suchevaluatmnbymanufacturers. 
operators, 01 safety mspectors 

To meet this need, the Department of 
the Air Force developed an expermental 
contmuous type of gas analyzer, the operatmn 
of which was based on the differences m flow 
characterlstlcs of gases Successful opera- 
tlon of this experxnental analyzer led to the 
preparatmn of speclflcatmns by the Depart- 
ment of the Air Force for an 18-channel 
prototypal mstrument, a model of whxh was 
built bystatham LaboratorIes of Los Angeles, 
California 

In general, these speclflcatmns called 
for an Instrument capable of furnlshmg a 
contmuous recordmg of gases drawn from 
18 regmns The recordrng was to be accon,- 
pllshed at a high rate of speed, sr,ce the 
totaldlscharge txne of an arcraftextmgulsh- 
1n8 system does not normally exceed two 
seconds and concentratmns may change 100 
per cent durmg l/10-second mtervals The 

error was not to exceed *3 per cent for any 
constant concentration in the ran8e from 0 to 
100 per cent The analyzer was to be 
accurate for normal var1atmns In sample 
temperature and pressure and was to be 
entxely sultable for appllcatmn in arcraft 

The purpose of this xwestlgatlon was 
to further the development of the Statham 
Model GA-l analyzer as an mstrument for 
evaluatmg arcraft power-plant fire- 
extmgrushmg systems by (1) callbratmg 
the mstrument for use wvlth conventIona 
extmgulshmg agents, and (2) determlnmg Its 
operatmg characterlstlcs and performance 
under condltmns of proposed usage 

DESCRIPTION OF INSTRUMENT 

The Model GA-l, Serial 1, analyzer 
was manufactured by Statham LaboratorIes, 
Inc , for the Department of the Air Force and 
was calrbrated by the TechnIcal Development 
andEvaluatmn Center of the Clwl Aeronautics 
Admm~stratmn 

The analyzer and Its acces50=1es were 
desxgned to prowde a high-speed cantmuous 
recordmg of the concentratmn of extmgulsh- 
mg gas present ln 18 dlfferentregmns durmg 
a given time It 1s based on a development 
described m the Air Force Exhlblt TSEPE- 
8E-4-A dated January31.1947 The analyzer 
sensmg element consists of a thermally 
Insulated and temperature-regulated metal 
assembly with a series of machmed holes 
through whxh the samples pass In each of 
these paths are fltted two plugs of porous 
metal and an orlflce When the gases pass 
through the second plug, there occurs a 
measured pressure drop which varies with 
the vlscoslty and the volumetric flow rate of 
the gas When the sample passes through 
the arlflce, crltlcal flow results The 
pressure drop developed across the second 
plug operates a transducer, the output of 
whxh 1s recorded by a remotely connected 
osclllograph 

The design of the analyzer unit 1s such 
that an mstantaneous change from air to 
carbon dmxlde at the inlet of the analyzer ~111 
cause the recording osclllograph to sweep at 
least 95 per cent of the total displacement 
durmg an Interval of 0 10 second If a 51x- 
foot sampling tube 1s used to brmg the sample 



F,g 2 ElectrIcal Schemat,c Diagram of the Statham Gas Analyzer ‘:‘.‘:::$z”“” ,“D, *laL,l ,*o,.*. 

to the analyzer umt, the rate of response ~111 
be reduced to 0 25 second because of dlffusmn 
of the nuxture in the sampling tube 

The analyzer was deslgned for operation 
III arcraft and operates from a 24-volt direct 
current (d-c) and from a 115-volt, 400-cycle 
per second (cps) power supply 

The complete Instrument consists of 
the followng components 

Two analyzer units 
one control umt. 

One recorder 
one “aC*Um pump 
Samplmg tubes 
cannectlng cables 

Fig 1 shows the relatlonshlp between 
the component parts when arranged for use 
Fig 2 1s a slmpllfled electrxal diagram of 
the analyzer. which contains two analyzer 
units 
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F1g 3 Exterior of Analyzer Unit 

Analyzer Umts 
Each analyzer umt consxts of nme 

Statham transducers with them assocmted 
vacuum and electrlcal connections, as shown 
m Figs 3 and 4 Details of the construction 
of a single analyzer cell shawmg the trans- 
ducer. the porous plugs, and the orifice are 
Illustrated 1n F1g 5 

The pressure drop which occu?s 
across the second porous plug (shown 1n 
Fig 5)will vary with the composltmn of the 
sample. smce both the vucos1ty and the rate 
of flow usually change when the make-up of 
the sample changes For a given channel, 
eachpure gas will always result in a definite 
pressure drop, and for any mixture of two 
gases. the pressure drop will be some 
defm1te value between the respective values 
for the pure constituents If two gases have 
nearly identical pressure drops, them 
proportions 1n a nuxture cannot be de- 
termmed. However, any proportmn of two 
or more gaseswhich have a srmlarpressure 
drop can be treated as a smgle gas when the 
percentages of some other gas which has a 
substantially different pressure drop are 
determmed Any gas mxture whxch always 
has the same compos&on, such as dry ax, 
may be treated as a pure gas 

The metal block 1s mamtamed at a 
constant temperature by a thermostatically 
controlled dual heater Provision 1s made 1n 
the control unit for keeping either one or 
both sectmns of the heater m the c1rcut 
Both sectmns should be used to reduce the 
warm-up time. After the operating tempera- 
ture 1s reached, one sectmn shouldbe cut out 
For exceedingly low amblent temperatures, 
both sections of the heater may be left on. 

F1g 4 Intermr of Analyzer Unit 

Control lJn1t 
The control unit shown 1n Figs 6 and 7 

contains the control c1rcuts for the analyzer 
units and also the heated type of samplmg 
tubes It serves as a power supply and as a 



Fle 6 Exterior of Control Unit 
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Fig 7 Interior of Control Umt 

Fig 8 Sampling Tube 

connectmn panel for the analyzers and the 
recorder This umt utlhzes two VR-105 
regulator tubes and two VR-75 ballast tubes 
to furmsh a regulated power supply to the 
transducers The clrcuxt breaker for the 
vacuum pump IS also on the control-unit 
panel 

Recorder 
The Model GA-l analyzer 1s designed 

to be used with an 18-channel osclllograph 
whlchusesHellandTypeG-150 galvanometers 
or their equxvalent 

Vacuum Pump. 
The vacuum pump used with the analyzer 

operates on 24 volts d-c and provides the 
means by whxh the gas samples are pulled 
through the 18 analyzer cells 

Sampling Tubes 
%x-foot samplmg tubes are provided 

for conducting the sample to the analyzer 

These tubes are constructed of soft copper 
tubing and are electrically heated over their 
entlre length This IS necessary for use 
with agents whose bollmg pants mdlcate the 
need for preheated sampling tubes For such 
use, care must be exerclsedmthe orientation 
of the mouth of the sampling tubes so that no 
spray will enter The Model GA-1 analyzer 
1s only deslgned to analyze samples In the 
gaseous state 07 ma finely dlvlded suspension 

In order to prevent the heat exchanger 
frombecomlng clogged with any fine suspen- 
smns that might be carried in by the gas, 
the sampling tubes are terminated m a 
porous metallic disc, Fig 8 shows the filter 
assembly and the heater type of sampling 
tube 

DATA REDUCTION 

The differential pressure across the 
second porous plug 1s proportlonal to the 
vlscoslty of the gas and the volumetric rate 
of flow, expressed as 

dp = Cl uv 

where 

(1) 

Cl = constant depending on the gas, 

dp = the &fferentlal pressure, 

u = the vxcoslty of the gas, 

” = the volumetrr rate of flow of the gas 



If devlatmns from the pure -gas lau are 
neglected, the volumetric rate of flow 1s 
given by 

(2) 

where 

W = the molecular weight of the gas, 

k = the ratlo of speclflc heats, 

C2 = constant 

When Equation (2) 1s substxtuted m 
Equstlon (1) 

where 

C3 = a constant dependmg upon the orlflce 
area, the resistance of the porous plug, 
and the operating temperature of the 
analyze * 

To evaluate the constant C3 It 1s necessary 
to obtain the pressure dlfferentlal, as given 
by the galvanometer deflectlon, by passing 
air through the analyzer This deflectlon m 
Inches multlplled by the ratlo In Equatxon (4) 
gives the deflection In Inches correspondmg 
to a 100 per cent concentratxon of the gas 

1 [fil 
R $3 [&I (for gas) 

$ /p (for a1r) (4’ 

The calculated theoretical values of 
this ratm for carbon dloxlde, methyl bromide, 
and bromochloromethane are 

A,r 1 00 
Carbon dloxlde 0 64 
Methyl bromide 0 375 
Bromochloromethane 0 316 

Although Equation (1) contains no term 
for the pressure of the sample, large changes 

Fig 9 Effect of Sample Pressure on the 
Dlfferentlal Pressure Drop for Air 

Fig 10 Hurmdlty CorrectIon Factors 

In the ambient pressure ~111 cause small 
varlatlons ln dp because the ratlo of speclflc 
heat k 1s a function of pressure Fig 9 
shows the effect of sample pressure on the 
dlfferentlal pressure for air Fortunately, 
the ratlo between the drop in pressure for 
any two gases remans essentially constant 
for large changes In sample pressure Be- 
cause the change in the pressure drop 1s 
smalleven for large changes In the pressure 
of the sample, the effect of fluctuatmg 
pressure may ordmarlly be dlsregarded 
Under extreme condltlons, It 1s necessary to 
recalibrate the analyzer units by obtamlng a 
new deflectlon readmg for ax The same 
displacement ratios may then be used 

The theoretlcalratlos are based on the 
pressure drop obtamed for dry air If there 
1s an appreciable amount of moisture In the 
air, a slight error will result from the use 
of these ratios Fig 10 gives the correction 
factor by which the ratlob must be multiplied 



6 

for the speclflc humldlty and amblent- 
temperature condltmns exlstmg at the txne 
of the callbratmn It ~111 be noted that, except 
for extreme condltmns, the effect of humldlty 
may be dlsregarded 

OPERATING PROCEDURE 

Operatmn of the mstrument as a gas 
analyzer consists amply of brmgmg the metal 
block up to the correct temperature and then 
drawmg the gas sample through the porous 
plugs and the crltlcal arlfice. The resultmg 
pressure dzfferentlal across the second 
porous plug causes the sensltlve bellows of 
the transducer to react upon the stram-gage 
unit. which m turn dxrects a proportmnal 
amount of the current flowmg through the 
strain gage Into the galvanometer cxcult 
The resultmg deflectmn of the galvanometer 
trace 1s recordedcontmuously in the osc~llo- 
graph The displacement of this trace 1s 
proportmnal to the pressure drop across the 
second porous plug and 1s measured III 
Inches 

To calibrate the mstrument for a 
speclflc gas such as carbon dloxlde, the dls- 
placement 11, Inches for carbon dloalde IS 
ascertamed This displacement, when 
expressed as a percentage of that obtamed 
for air, represents the calibration- 
displacement rat10 Subsequently, the con- 
centratmn of carbon dmxlde III any mixture 
of carbon dmxlde and air may be determmed 
by the formula 

% co2 = AD-MDxlOO 
AD -CD 

where 

AD = &splacement for air m Inches, 

MD = displacement for mixture III mches, 

CD = tisplacement for CO2 III Inches 

TESTS 

The tests conducted on the analyzer at 
this Center consIsted of (1) callbratmn 
tests to check the theoretlcal callbratmn 
ratms, ( 2) service trials by appllcatmn 
of the analyzer for evaluatmg the fire- 
extmgulshmg system of the XB-45 airplane 
nacelle, and (3) flight trials to determme 
mstrument characterlstlcs under f 11 g ht 
condltlons 

Callbratmn Tests 
A Carbon Dlox,de 

To calibrate the mstrument for carbon 
dmxlde, the displacement for a 100 per cent 

concentratmnwas ascertamned Theapparatus 
used for this test 1s shown m Fig 11 The 
samplmg tubes were bundled together and 
termmated III the center and ,ust above the 
bottom of the gas chamber Wlthm tbls bun- 
dle was an addltmnal tube for conductmg a 
sample to anOrsat analyzer There was also 
connected to this sealed chamber a 50-pound 
carbon dmxlde cylmder with a hand-operated 
valve. High concentratmns of carbon dmxlde 
were obtamed by first evacuatmg air from 
the chamber and then repeatedly floodmg the 
chamber from the 50-pound cylmder This 
floodmg was repeated until the Orsat meas- 
ured a high concentratmn of carbon dmxlde 
Sxnultaneous readings were then taken with 
the Statham and the Orsat analyzers This 
test procedure was repeated several tm,es 
to determme the consistency of the answers 
recorded by the mstrument Twelve of the 
eighteen channels were used m the tests 

The results of tests whlchmcluded two 
recordmgs of 100 per cent air (Tests 2221 
and 2223) and three of a high carbon dmxlde 
cancentratmn (Tests 2222, 2224, and 2225) 
are given m Table I The mformatlon from 
12 channels 1s tabulated. and an average 
value of the callhratmn ratm for carbon 
&oxlde 1s given 

In explanatmn of the figures III the 
table,the results for channel 1 m Tests 2221 
and 2222 are more fully described as 
follows 

1 The measured displacement on the 
osclllograph record of a 100 per cent air 
sample was 3 02 Inches 

2 The theoretical displacement for 
100 per cent carbon dmxlde would then be 
3 02 x 0 64 = 193 Inches, ~r,ce 0 64 IS the 
theoretIca callbratlon ratm, a s 11 s t e d 
previously for carbon dmxlde 

3 The difference between dlsplace- 
ments resultmg from 100 per cent air and 
100 per cent carbon dmalde 1s then calculated 
as 3.02 - 1 93 = 1 09 inches 

4 The difference between dlsplace- 
ments resultmg from 100 per cent air and 
96 5 per cent carbon dmxlde (Orsat value) 
was measured as 0 79 Inch 

5 By extrapolatmn, the dlfierence 
between displacements resultmg from 100 
per cent air and 100 per cent carbon dmvlde 

would be $$. x 0 79 = 0 82 mch 

6 The callbratmn ratm by actual 

(3 02 - 0 g2)_o 73 measurement then equals- - 

The average carbon dmxlde callbrntmn 
ratlo for channel No 1 determined from 
tests was 0 73 
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TABLE I 

CALIBRATION TEST DATA OF ANALYZER 
MODEL GA-l, SERLAL I 

USING CARBON DIOXIDE AS THE AGENT 

Item Analyzer Cell Channel Number Test 
Run 
NO 

2221 

2222 

2223 

2224 

2225 

2222 
2224 
2225 

*co2 

1 2 3 4 5 6 10 11 12 13 14 15 

MD (100% ax) 3 02 2 81 2 94 2.88 2 64 2 71 2 87 2 62 2 74 2 62 2 80 2 88 
TD (100% C02) 193 1 80 1 88 1 84 1 69 173 1 84 1 68 175 1 68 179 1 84 
TDD 1 09 1 01 1 06 1 04 0 95 0 98 1 03 0 94 0 99 o 94 1 01 1 04 

MDD (96 5% C02)* 0 79 0 71 0 71 0.63 0 68 0 73 0 76 0 67 0 71 0 69 0 75 0 79 
CDD 0 82 0 74 0 74 0 65 0 70 0 76 0 79 0 70 0 74 0 71 0 78 0.82 

MD (100% air) 3 00 2 79 2.93 2 84 2 61 2 68 2 87 2 61 2 73 2 62 2 80 2 89 
TD (100% C02) 192 179 1 88 1 62 1.67 172 184 1 67 1 75 1 68 179 1 85 
TDD 1 08 1 00 1 05 1 02 0 94 0 96 1 03 0 94 0 98 0 94 1 01 1 04 

MDD (91 3% C02)* 0 76 0 68 0.69 0 58 0 66 0 67 0 76 0 64 0 69 0 67 0 72 0 76 
CDD 0 83 0 75 0 76 0 64 0 72 0 73 0 83 0 70 0 76 0 73 0 79 0 83 

MDD (96 2% C02)* 0 79 0 73 0 72 0 62 0 69 0 71 0 78 0 67 0 73 0 69 0 74 0 79 
CDD 0 82 0 76 0 75 0 65 0 72 0 74 0 81 0 70 0 76 0 72 0 77 0 82 

AR 073 0 74 0 75 0 77 0 73 0 72 0 72 0 73 0 73 0 73 0 72 0 72 
AR 0 72 0 73 0 74 0 77 0 72 0 73 0 71 0 73 0 72 0 72 0 72 0 71 
AR 0.73 0 73 0 74 0.77 0 72 0 73 0 70 0 73 0.72 0 73 0 73 0 72 

Average Ratlos 0 73 0 73 0 74 0 77 0 72 0 73 0 71 0 73 0 72 0 73 0 72 0 72 

Over-All Average of Ratms = 0.73 

Concentratmn as measured by Orsat analyzer 

LEGEND 
MD (100% a1r) 

TD (100% C02) 

Measured displacement by 100 per cent al? sample 

Theoretxal Asplacement by 100 per cent CO2 = displacement 
far air x 0 64 

TDD TheoretIcal &splacement difference between 100 per cent air 
and 100 per cent C02. 

MDD Measured displacement difference equals MD for 100 per cent 
au- nnnus MD for CO2 sample 

CDD Calculated displacement difference between 100 per cent all 
and 100 per cent CO2 

AR Actual ratms of displacements 

NOTE Channels 7, 8, end 9 were rraperatlve at the trne of testmg 
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Fig 11 Test Apparatus for CO2 Callbratlon Tests 

‘Ihe average carbon dmxlde calibration 
ratlo for 12 channels was also 0 73 

In addition to the foregomg tests, a 
conslderable number of recordmgs were 
made of lower carbon dlovlde concentrations 
which ranged between 25 and 75 per cent 
carbon dmxlde, as measured with the Orsat 
apparatus By the use of the measured call- 
bratmn ratlo for data mterpretattlon, the 

concentratmns were determlned from ana- 
lyzer recordmgs These values were found 
to agree wlthln 5 per cent of full scale with 
theorsat readmgs and conflrmed the vahdlty 
of the method of data mterpretatlon 

B Bromochloromethane 
Fig 12 shows the apparatus used to 

obtan a concentration of 100 per cent 
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bromochloromethane (CH2~rcl) vapor A 
supply cylmder contamlng 100 pounds of 
bromochloromethane was pressurized with 
nitrogen Attached to this supply cylmder 
was a 12-uxh long, R-Inch diameter samplmg 
chamber w,th sampl,ng tubes connected at 
the top A short length of translucent rubber 
tubmg was affIxed to the overflow end of the 
chamber to determIne the llqud level in It 
and to prevent air from leakmg Into ,t The 
Ilqud level was mamtamed at approxm,ately 
one Inch from the top To assure a supply of 
bromochloromethane vapor ,n the top of the 
chamber, heat was applied to the llqud by an 
acetylene torch Amanometer was connected 
to this vapor space, and by adlustment of the 
amount of heat applied, the vapor pressure 
was mamtamed at zerowhIle the sample was 
drawn out through the analyzer For these 
tests, a smgle sampling tube was used 
alternately connected to each channel 

The procedure for determlnmg actual 
displacement for 100 per cent bromochloro- 
methane was the same as for carbon dlaxlde 
Results of callbratmn tests for bromo- 
chloromethane are shown in Table II The 
actual measured ratlo of dlsplaccments for 
100 per cent bromochlaromrthane to 100 per 
cent a* was 0 40 

At the conclusion of the samplmg test 
of bromochloromethane, addltmnal tests were 
made to observe the effects of sampling 
pressure on the recorded displacement 
This condltmn was controlled by applymg 
enough heat to the llquld bromochloramethane 
in the samplmg chamber to result in a 
maxrnum vapor pressure of 12 Inches of 
water while the sample was bemg drawn from 
the chamber The heat was a150 adJusted to 
result 1na negative vapor pressure of 9 Inches 
ofwater No appreciable effect resulted from 
these differences ,n sample pressure 

TABLE II 

CALIBRATION TEST DATA OF ANALYZER 
MODEL GA- 1, SERIAL I 

USING BROMOCHLOROMETHANF AS THE AGENT 

Item Analyzer Cell Channel Number 

1 2 3 4 5 6 10 11 I2 13 14 15 

MD (100% a1r) 2 83 2 71 2 88 2 70 2 56 2 53 2 73 2 51 2 59 2 46 2 63 2 75 
TD (100% CH2BrCl) 0 90 0 86 0 91 0 86 0 81 0 80 0 86 0 80 0 82 0 78 0 83 0 87 
TDD 193 1 85 197 184 175 173 187 171 177 168 180 1 88 

MD (100% CH2BrCI) 113 1 11 1 13 115 104 102 1 26 099 102 0 97 104 106 
CDD 170 1 60 1.25 155 152 151 I47 1 52 157 149 1 59 1 69 

Actual Test Ratlos 

040 040 039 042 040 040 0.46 039 040 040 040 040 

Average of Actual Test Ratms (CH2BrCl) 
[ Air ) 

for a11 channels = 0 40 

LEGEND 
MD (100% ,,r) Measured displacement by 100 per cent al= sample 

TD (100% CH2BrC1) TheoretIcal displacement by 100 per cent bromochloromethane 
sample = MD (100% air x 0 316) 

TDD TheoretIcal displacement difference between 100 per cent &lr and 100 
per cent CH2BrCl 

CDD Calculated displacement difference between 100 ~,cr cent air and 100 
per cent CH2BrC1 

NOTE Channtls 7, 8, and 9 were mopcrotlve at the time of testme 
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TABLE III 

CALIBRATION TEST DATA OF ANALYZER 
MODEL GA-l _ SERIAL I 

USING METHYL BROMiDE AS THE AGENT 

Item Analyzer Cell Channel Number 

MD (100% air) 
TD (100% CH3Br) 
TDD 

MD (100% CH3Br) 
CDD 

1 2 3 4 5 6 IO 11 12 13 14 15 

2.96 2 83 2.98 2 75 2 65 2 62 2 85 2 58 2 71 2 60 2 79 2 87 
1 11 1 06 1.12 1 03 0 99 0 99 1 07 0 97 1 OL 0 98 1 05 1 08 
1 85 1 77 1 86 172 1 66 1 63 1 78 1 61 1 69 1 b2 1 74 1 79 

1 53 1 50 1 53 150 1 37 1 34 1 44 1 33 142 132 142 150 
1 43 1 33 145 1 25 1 28 1 28 1 41 1 25 1 29 1 28 1 37 1 37 

Actual Test Rntms 

0 51 0 53 0 50 0 54 0 51 0 51 0 50 051 052 051 051 052 

Average of Actual Test Ratms for all Channels = 0 51 

LEGEND 
MD (100% al*) Measured displacement by 100 per cent al= sample 

TD (100% CH3Br) TheoretIcal displacement by 100 per cent CH3Br sample 

TDD Theoretical displacement difference between 100 per cent au and 100 
per cent CH3Br 

CDD Calculated &s-placement difference between 100 per cent air and 100 
per cent CH3Br. 

NOTE Channels 7. 8, and 9 were InoperatIve at the time of testmg 

C Methyl Bromide 
The procedure for callbratlng the 

Instrument for methyl bromide was Identical 
to that for bromochlaromethane The only 
notable difference was the requirement of 
less heat to mantam the vapor supply In the 
chamber Table III gives data from a typIca 
senes of tests 

The actualmeasured ratio of dlsplace- 
ments for 100 per cent methyl bromide to 
100 per cent a* was 0 51 

Summary of Callbratlan Tests 
The callbratlon ratios. 

Balvanometer deflectmn for 100 per cent agent 
galvanometer deflectlon for 100 per cent ax ’ 

were determmed from the tests to be as 
follows 

A1r 1 00 
Carbon dloxlde 073 
Methyl bromide 0 51 
Bromochloromethane 040 

These values. rather than the theoretical 
calculated values shown previously under 
“Data Reduction,” should be used m the 
mterpretatmn of the analyzer recordmgs 
Although dlff e r ~ng from the theoretical 
values, the callbratmn ratios determined by 
tests were consistent wlthm reasonable and 
usable IunIts for different test Tuns and for 
the several channels Thus, the need for 
actual Instrument callbratmn 1s Indicated as 
being essentxal to the accurate mterpretatlon 
of the data The reasons for the differences 
between the thearetlcal and the measured 
displacement ratms uere not determmed 
Such differences may prlmarlly be due to 
departure from the pure-gas law 

Service Tests 
Service characteristics of the analyzer 

were studled by the utlllzation of the mstru- 
ment m simulated flight fire-testing of a 
B-45 airplane nacelle Time-concentratmn 
curves at numerous locatlons throughout the 
nacelle durmg dl s charge of the carbon 
dloxlde extmgushmg system were readily 



Fig 13 Extuqushlng-System Analyzer Mounted III DC-3 Airplane 

and accurately obtamed Such curves 
pernutted a thorough analysts and evaluation 
of the arcraft extmgushmg system The 
results of these tests ~111 be dlscussed in 
deta,l separately ,n a forthcommg report 
covermg the fire-testmg of the B-45 power 
plant HOWWer, the tests mdlcated that 

1 The analyzer provides a practical and 
effective method for the evaluatmn of arcraft 
extmgulshmg systems II, test-cell studies 

2 The prmclple weakness of the analyzer 
LS in the transducers, failures of which are 
apparently due to vlbratlon loads Imposed on 
the fine wires of the electric clrcult Such 
failures were mfrequent, however 

Flight Tests 
The analyzer was flight-tested to 

determme the effect of normal flight vlbra- 
tlons on the instrument recordmgs These 
tests were conducted by breadboard mountmg 
of the various mstrument components III a 
DC-3 airplane. as shown XI Fq 17 Records 
were made for air only during normal 
crusmg and during a power-off glide 

A comparison of the records obtaned 
11, flight with those obtamed KI the test cell 
(B-45 tests) mdlcated that vlbratmn effects 
,.,ere less 11, flxght than during the ground 
tests The instrument performed satlsfac- 
torlly III every respect under flight 
condltmns 

CONCLUSIONS 

1 The Model GA-1 analyzer 1s a Prac- 
tlcal flqht Instrument, the use of which 
provides an effective means for analyzing 
and evaluatmg a I I c r a f t carbon dmxlde 
fire-extmgmshmg systems 

2 In usmg the Model GA-l, Serial 1 
analyzer, the callbratmn ratios deternuned 
by callbratlon tests should be used rather 
than the theoretically calculated values 

3 Successful utlllzatlon of the analyzer 
depends conslderably on the skill of the 
operators who have famlllarlzed themselves 
with the characterlstlcs of the instrument 
The proper mterpretatlon of data also 
requres a background of experrence with 
the mstrument 

RECOMMENDATIONS 

On the basis of the tests conducted, It 
1s recommended that 

1 The GA-l analyzer should be used III 
future analyses and evaluations of carbon 
dmxlde fire-extlngulshlng systems III 
arcraft 

2 Controlled laboratory tests should 
be conducted with the GA-l andlv~er to 
deternune Its accuracy and dependablllty 
with the agents methyl bromide and 
bromochloromethane 
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3 The GA-I analyzer should be used in 
ConJunctlon With future f,re testmg on 
full-scale arcraft power plants Such use 
will provide an effective test method for 
securmg data helpful to the mterpretatmn of 
analyzer recordmgs 

4 The GA-1 analyzer should be operated 

onlybypersomel who have recelvedadequate 
mstructlon In Its operatml. 

5 In Its present stage of development, 
the analyzer should only be used on al=- 
craft by personnel experienced III 1ts 
operatmn and in arcraft fire testing 


