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T!?ST FACILITIES 
AIRCRAFT FIRE PROTECTION PROGRAM 

F'JRPOSE 

The purposes of the auvxaft fire protectlo" program malang use of these facll- 
itlee are 

A To develop means for protecting arcraft against fire 1" flight 
B To determine design crlterla for rmnirmzlng the occurrence of 

fire I" flight. 
C. To develop slmpllfled test procedures to duplxate the condltlons 

of fire =n flight so that more detaled studies can be conducted 
I" the laboratory 

As the most hazardous sou-ce of fue 1" flight 1s the powerplant lnstallatlon, 
the exlstlng faclllties are arranged to test that installation and assocu.ted equip- 
ment under emulated flight conditions Thu method IS deemed necessary from the 
standpoint of safety, and prondes reasonable control of some of the variables 
involved whxh rmght not be possible under condltlons of actual fire tests I” flight. 

TEST PRCMAM 

In order to clarify the "ee of the test fac1lltles, a knowledge of the work 
being conducted IS eesentlal 

The general test program 1s dlvrded x&o four razor phases to provide fxe 
preventlo" and fire protectlo" data 

(A) Investlgatlons of Ignltux Sources 

(1) Determnnatlon of electruzal system and exhaust system 
lgnltlon SOW-tee by release of quantltles of fuel and 
0115 throughout the engine lnstallatlon under various 
simulated flight condltlons 

(2) Compar~on of lgnltablllty of gasoline and safety fuels 
on lgnltlon sources determined under (1). 

(3) Determlnatlons of lgnltablllty of lubrxatlng oils, 
hydraulx flulds and non-lnflamable hydraulx fluIds 

(B) DeSlgn Crlterla 

(1) Deternunatlon of design crlterla to ellnunate or reduce 
ignltlon source hazards 

(2) Investlgatlons of the fire resxtance of the materials 
and equipment used and proposed for use u, arcraft 

(3) Deterrmnatlons of the locatIons and area requxlng the 
use of fire resIstant materials and equpment 

(C) Fire Detectors 

(1) Q test, to encourage the development of neu and improved 
fire detectors 

(2) The full scale testing and bench testing of developed 
aircraft fu-a detectors 

(3) Deterrmnatlon of epeclflc detector locations required in 
part1cu1ar engu-le l".etallatlons. 
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(II) Fire Ext1nguishlng Systems 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Deterrmnations of the best extlngulshlng agents for com- 
batting axcraft powerplant fires 
Deterrmnatlon of the simplest optunum system for dls- 
trlbutlng agents to the fires 
Compare the effectiveness of power sectlon fu-e extlngulsh- 
Ing systems plus engine shut-dm serene engine shut-down 
alone (no extlngulshlng agent) 
Deterrmnatlon of fu-e duration assuming stoppage of Inflam- 
mable fluds mth and mthout propeller feathering 
Detent&nation of effect of axspeed on the ease of extln- 
gux.hlng englne fires. 
Detennlnatlon of the best crew procedure to lneure fire 
extlngulshment 

Thle general test program 1s to be accomplished on the powerplant lnstallatians 
of. 

(1) Boeing Superfortress (B-29) mth the Wright 3350 fuel InJectlon 
engme 

(2) Lockheed Constitution (Model 89) Navy XR-60 mth the P&W 
4360 engme 

(3) Lockheed Constellatlan (C-69) wxth the Wrxht 3350 carburetor . 
ergme, 

(4) All~on 3420 engine in any mstallatlon lrhlch becomes avaIlable 

BUILDING 

The fu-et bulldmg which 1s being used for provldlng fxe protectlon for large 
pxton engine lnstallatlons 1s shown m Figure 1. Plan and elevation vlewe of that 
bmldlng are shown =n Fvgure 2. 

In the test chamber or center se&Ian of the buldlng, a full scale powerplant 
lnstallatlon and a sectlon of ?nng are mounted The enmne lnstallatlon 1e identl- 
cal In all respects to that used on actual arcraft The nng sectawn 1s a frame 
of structural steel covered mth stanless steel sheet ldentxalmth the actual 
~lng m dunenslons and contour only. See FIgores 3 and 4 

Cm both sides of the test chamber are ground and second story observation 
rooms. The second floor on the south side includes an offlce space The second 
floor on the north side includes controls and equpment for handling extvagulshlng 
agents for the test fires 

The north mng Includes observation space, space for fabrlcatlng components 
of test set-ups, a heater room, lavatory, and stock room AddItIonal space 1s pro- 
vlded for the lnstallatlon of any necessary special Lest equipment and controls. 

The south mng Includes observation space, control equipment space, shop space, 
and a pump room. 

FACILITIES ANI EQUIPMENT 

A Wmd Tunnel 

This unit 1s constructed of steel and 1s approxxnately 45 feet 
long. The uitet diameter 1s approximately 16 l/2 feet, and the outlet 
dlameter IS eight feet The tunnel is driven by a 1500 horse power 
electric motor which 1s capable of developing 2250 horse power for 
the short tests that are necessary. The au fiow is regulated by 
the electric pitch control of a three-bladed steel propeller. The 
tunnel 1e used to provide various degrees of air blest over the 



en~ne mstallatlon bang fu-e tested to sumlate the au- speed 
produced by flight. See Fr+res 1 and 5. 

B Electrical System 

The electrxal system of the fire test facllltles includes a 
substatlon ahxh connects to the 33 kilovolt high lmes and mhxh 
supplxs 2300 volts for operatmg the lnnd tunnel motor Approprute 
smtch gear automtxally brmgs the wmd tunnel motor up to Its 
operatmg speed. Other transformers reduce the 2300 volts to 110 
volts and 220 volts to provide parer and lxht for the bmldmg 
SeTYLces 

C. The engine, wmd tunnel, and fu-e controls are all located MI 
the observation space of the south Kmg. These controls, as we.13 as 
part of the electrxal switch gear, are shown on Figure 6. 

D Fyrometers 

A bank of 24 recordmg pyrometers 1s located 1x1 the north umg. 
Esch mstrment can be read dxectly and makes a permanent record of 
the temperature at a single locatlon on the unit during fue tests 
Although only 24 recorders are used, they may be easily and rapidly 
connected to any group of thermocouple pxk-ups, a great number of 
filch are located throughout the test Installation See Figure 7 

E MachIne Shop 

A small machIne shop 1s located in the north viz~ng See Figure 8 
In this shop are built all the structures, components, and parts neces- 
sary to the construction and maintenance of fire test equlpent. The 
shop tools Include two drill presses, three lathes, two mllllng machlnss, 
a shaper, and a no-a11 saw In addltwn, the shop Includes equipment 
for gas and arc weldu,g and hand tools 

F Build-up Shop 

This 1s a small ai-ea in the south vnng devoted to the construc- 
tlon and re~~lon of test powerplant lnstallatlons. See Figure 9 
At this location, the necessary changes are made to actual en~ne 
Installations to enable them to mthstand great numbers of severe 
fires The shop Includes a tube bender, shear, brake, and di-111 press 

G Fire Rote&Ion System 

A large concrete cell adJacent to the north Wang of the bu1ldmg 
houses a four-ton carbon dloxlde storage tank and refrxeratlng unit 
Carbon dloxlde llqud 1s plped from this tank throughout the fue test 
bulldIng 

The locations so protected include the xmnd tunnel motor, the 
north and south mngs of the bulldIng, both ground and second floors, 
pump room, heater room, lavatory, and test chamber. An addItIona 
lute leads into the test rnstallatlon proper =n the event a test fire 
should get out of control, and aulllary 100 foot hose reels are 
located on ather side of the test lnstallatlon 

Carbon dioxide llquld IS plped to the extlngulsher control POOUJ 
(north Rng, second 'loor) where the necessary equpment for trans- 
ferrlng It to the test cantalners is located. Thus, this carbon 
dloxlde system 1s useful =n the test program as well as m the pro- 
tectlon of all the test facllltles 
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The system can be operated 

1. Autmatlcally - by heat detectors located through- 
out the building. 

2 Electrxally - by push button statIons located 
lmmedlately outslde each hazardous area 

3. h&ually - by valves located near the llqud 
storage tank. 

H. Bench Test Equpment 

A few bench tests can be conducted In the south wuIg 

Tlv fast bench test u?rolves the testing of arcraft vacuum 
system under abnormal candltlons of blockage of the pressure line 
and failure of the pressure relief valve The orlgu~al bench test 
set-up for thus lnvestlgatlon 1s shown on Figure 10 

An unproved bench test of this equipment 1s bang bult as well as a bench 
testing device for fxe detectors. 

I. Au~llary Test Equipment 

1. A bank of 24 pyrometers mth calibrated leads for checking 
temperatures between 0 and 1800' F 

2 Chronometers and stopwatches 
3. Interconmwcatlng system through tilch all personnel of 

the test crew are dwected during the conduct of the tests. 

J Photogi-aphlc Equpment 

This Includes 16 mm motun pxture cameras and a speed-graphx 
St,111 camera. All unportant tests are photographed and motion pictures 
taken In color Photographs of typwal fu-es early In the test program 
are shmnn In Figures 11 and 12. 

FUTURE PLANNING 

A. Development of Fre Protection for Jet Engine Installations 

General This phase of the work 1s bang undertaken at the 
request of, and mth the assistance and cooperation of the U. 5. Army 
AC- Forces alld the U S. Navy, Bureau of Aeronautics In order to 
simulate the ram effect of high speed flight (650 mph), It 1s neces- 
sary to supply au to the mstallatlon at a rate of 100 pounds per 
second (to Include tests on lnstallatlons proposed =n the foreseeable 
future) at a pressure of 7.5 p s l.g It 1s not bellwed that the 
heat of compression ~11 appreciably affect the fire tests, but pro- 
nsnons are being made for the posslble need for an lntercooler 
arrangement. 

1. Facllltles 

The proposed fac1lltles for the fxe testing of Jet enguxs 
are shown In Figure 13 The larger bullting provides a small, 
ruggedly bmlt test chamber on either side of whxh are first and 
second story abservatlon spaces In the observation spaces ~~11 
be the Jet engine controls, fire fuels pumps and controls, extm- 
mshlng systems and the measuring and recording equipment neces- 
sary far the work In addltlon, the bulldIng uxludes a stock- 
room, offwe, lavatory, and an assembly space for the preparation 
of both plston enpne and Jet engine lnstallatlons for fxe test 
purposes. 



The smaller bulldmg houses two blowers, each of wbxh is 
di-lven by a 1750 horse ~crwer electric motor The necessary motor 
and blower controls, power distrlbutmn transformers for both 
bulldmgs and motor-generator unts ml1 be located UI this 
buldmg. 

2 Test Program 

The general test program for Jet engme 1nstallatlons Kill 
be sxailar to the program already outlmed for the piston-engine 
lnstallatlons 

B. hstmg Flans for Rpndmg the Axcraft fire Pi-otectmn Studies 
Include 

1 Smgle story laboratory for developing and conducting 
bench tests to detemne fire characterlstxs of 
various axcraft and engme materuls, accessones, 
components, and equipment, lvhlch has already been 
requested. 

2 Small test chambers for the developent of fire pro- 
tectmn for personal arm-aft and submerged engine 
mstallatlons (h&copters) 
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Figure 4. Test Chamber, Tunnel Outlet, and Test Installation. 
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Figure 5. View Through Wind Tunnel and Test Chamber. 
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Figure 7. Bank of Single Point Recording Pyrometers. 
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