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As a risk reduction measure, the F/A-l8E/F aircraft fire protection program has conducted a 
series of engine bay fire tests using a high fidelity full-scale F/A-I 8E/F engine nacelle simulator. 
These tests are intended to verify the performance capabilities of several alternate agents against 
Halon 1301 as an extinguishing agent. The comparison is conducted against a baseline fire using 
Halon 1301 as the threshold performance indicator. Concentration tests are subsequently 
conducted for each of the alternate agents and Halon 1301. The results for the tests are reviewed 
and analyzed for performance comparison. 
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OBJECTIVE 

* DEVELOP A N D  IMPLEMENT A N O S  
ODS-HASED ENGINE BAY/AJlAD/APU 
FIRE I:XflNC.UISIIING S Y S T E l l  

IW*""TUC 

L I L I I U I m -  

BACKGROUND 

*REQUIREMENT CAI.IS  FOK NON-ODS 
H.4SED b1KE EXTINGUISHING AGEYT 

* SEVERAI. KLSK REDUCIION EFFORTS 
COSIJUCTED WITH COYTRAIXOK SUPPORT - ROEINC; - w w I i H o P  GRUMMAN 

* EVAI.CATION OF ALTEHNATE A G E h T S  
CON1)UCI'EI) 

*MINIMIZE RISK OF hlEETING 
E X T l S ~ ~ U l S l l l N G  KEQL'lHEhlENTS PRIOR 
1'0 FOK\lAl. QUALIFICAIION 

I I R I Y I I W I  

u..L.%.m_y 

REQUIREMENTS 

*FIRE I'XTIN(~IIISHIN(; SYSTEM 
I'ERFORMAVCE COh1l'ARARI.E 
TO HALON 1301 IX F/A-18 WF EMI) 
CONI'IGCRATION . INITIAI. ExI1N(;UISHME" 

* HOTSURFACE HE-I(;NITIOS 
* bWEl. SOURCE : 0.15 GPM A'IOMIZED JP-8 
~ A I H S O U K C E : A I H I ~ I . E T - 2 . I 1  L W E C  
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ENGINE NACELLE SIMULATOR I 
- HIGH FIDELITY FIA-18 E/F ENGINE 

NACELLE SIMULATOR INCLUDING: 
F404 TURBOFAN ENGINE CASE 
ALL MAJOR ENGINE SUBSYSTEMS - AIR INLET GEOMETRY - AIT EXHAUST VENTS 

* COMMUNICATION PORTS 
-BALANCE PISTON VENT 
.AMAD BAY 

ENGINE NACELLE SIMULATOR 
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I 

TEST SUPPORT EQUIPMENT 

I *AIRFLOW SOURCE - JT3D TURROFAN ENGINE PROVIDING 
2.11 LHS/SEC AIRFLOW ( c o w i i i n w w  I -FUELSYSTEM * 0.15 GPM ATOMIZED .P-8 FUEL IN 
FUEL CONTROL UNIT AREA 

* VARIABLE DISTRIBU'TTON SYSTEMS - SOLENIOD VALVES ACT AS SQUJBS 

INSTRUMENTATION 

- LABVIEW-BASED DATA ACQUISITION SYSTEM 
-VIRTUAL CONTROL PANEL - 18 PRESSURE TRANSDUCERS - 155 AIWSURFACE THERMOCOUPLES - 2 FLOW METERS (AIRFLOWIFUEL FLOW) 

18 coz/nz CONCENTRATION SENSORS 
SAMPLE RATE : i n  ~ s n  HZ - REMOTE DATA ACCESS VIA IWP SERVER 

* FAA HALONVZER 
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DISTRIBUTION 

I * SEVERAL "BLOWDOWN"DISTRIBUTI0N 
LAYOUTS TESTED - EMD CONFIGURATION 

* LRIP CONFIGURATION 
-THREE NOZZLE CONFIGURATION 
-FOUR NOZZLE CONFIGURATION 

*I".I"*YIIII*-% 

DISTRIBUTION 

Y " * L * I U " r n I r n .  

TEST RESULTS 

*OVER 500 FIRE TESTS COMPLETED THUS FAR - AUGUST 97 -APRIL 1998 - INERT GAS GENERATOR (IGG) 
* MONOLITHIC GRAIN - SINGLE 'PRODUCTION-LIKE' GENERATOR 

*HALON 1301 

- DRY CHEMICAL 
HFC-125 

Halon Options Technical Woning Conference 12-14 May 1998 353 



- REPEATED FIRE EXTINGUISHMENT 
TESTS PERFORMED AT CHINA LAKE 

LRIP DISTRIBUTION SYSTEM 
*VARIOUS MONOLITHIC GRAIN 

CONFIGURATIONS 
* ‘PRODUCTION’ GENERATOR - UNABLE TO REPEAT PERFORMANCE 

DEMONSTRATED AT CHINA LAKE WITH 
ANY INERT GAS GENERATOR CONFIG 

I W B H r n C  

1 * EMD DISTRIBUTION SYSTEM USED - THE ‘HALON’ FIRE WAS RE-BASELINED T O  
OFFER CURRENT PERFORMANCE LEVELS - REPEATABLE RELIGHT PERFORMANCE WAS 
DEMONSTRATED 

- CONDULTEI) AS IRAD TKSTS m 
COOPERATION WITII WALTER KIDDK 
AEROSPACE (WKA) 

* CONSECTLTIVE EXTINGUISHMENTS 

- WKA-DESIGNED DISCHARGE NOZZLES USED 
DEMONSTRATED I 
EXTENSI\  F NlST IFST  CLEAN-UP T M E  - (X)KKOSION RE\IAMS A MAJOR ISSUE 
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* PRIOR TO HFC-125 BASED DESIGN EQUATIONS, 
THREE TIMES THE VOLUME ASSUMED 

-VOLUME RESTRICTIONS I N  ENGINE 
BAYKEEL PREVENTED HFC-125 FROM 
INITIAL CONSIDERATION 

*ENGINE BAY DESIGN EQUATION 
PREDICTIONS UNDER EVALUATION 

DESlg" 
Elpati"" 
PrCdLCliW 
Fire l e s t  Dam 

HFC-125 

, '' 
18.51 90 4.87 

8 - Y % 5.5  

HFC-125 
* MAXIMUM AMOUNT OF HFC-125 IN 
EXISTING FIRE BOTTLE LOCATION 
TESTED AT ARL 
IIFC-125 DEMONSTRATED EQUIVALENT 
PERFORMANCE TO HALON 1301 

* CONCENTRATION LEVELS FAR 
BELOW PREDICTED VALUES - HALON 1301 USED EMD 
DISTRIBUTION SYSTEM - HFC-125 USED SEVERAL OPTIMIZED 
DISTRIBUTION SYSTEMS 
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HFC-125 

- HFC-1.25 TESTED AT TEMPERATURE 
EXTREMES 

* LOW TEMP (-40 F) 
*AMBIENT TEMP (70 F) - HIGH TEMP (220 F) ~ SIMULATED BY 
RAISING BO’lTLE PRESSURE TO 
EQUIVALENT TEMPERATURE STATE 

* FIRE EXTINGUISHED AT ALL 
TEMPERATURE EXTREMES - 

REIGNITION STILL BEING EVALUATED 

- HFC-125 PERFORMANCE EVALUATION 
AGAINST HOT SURFACE RE-IGNITION 
CONTINUES 

* REIGNITION SURFACE 
REPRESENTED BY A SERIES OF 
TUBES LOCATED IN VICINITY OF 
THE ENGINE FUEL CONTROL UNIT 
AND ENGINE BAY AIR INLET 

1’118 ” m c  

SUMMARY 

1 -ENTERING LATEST HFC-125 TEST SERIES - MOST PROMISING DISTRIBUTION SYSTEMS 
* BElTER SYSTEMS REQUIREMENTS I DEFINITION 

* HFC-125 OFFERS ‘WEW’ OPPORTUNITY TO 
UTILIZE EFFECTIVE, LOW COST SYSTEM 

,598 “ W C  
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