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AN INVESTIGATION OF TIB EFFICACY OF TBE xF9F-3 
FIRE SCREEN INSTALLATION 

The ability of n fire screen, mstalle? between the engine com- 
pressor an'3 t311 pipe compartnents of - Grurman XFgF-3 alrpl?me, to prevent 
trsvel of flane fi-xa ant csmpartient to the other wes c'eternlned by full- 
scale tests. The results cf this investl,gatlon lndicatc that: 

. 

1. The fue screen udxdlstl~~n c'oes not prevent backflash 
or upstream travel 3f fire fro= the reins coEputmcnt tr. 
n saurce of fad locder', in the firward c,xapartnent. 

2. The fire ocreen ~notsll~ti~n 6oes ndt prevent fu-e, =g- 
nlte3 In the forwad. cclnpartnent, fron traveling down- 
strean lnto the i-ear consa-tL;ent. 

3. The fire screen installntlon 1s BubJect tz early naterld 
failure when local spots are expsse< to lntemlttent fire 
and co:llng au. 

Supplenentcry laboratory tests on 30-mesh none1 metal screen in- 
dlcated that the auz?lSurntun of c screen ux%llat.tlon 1s an ur?luentlal 
fcctur in Its &blllty to prevent backflash. A screen lnstalle6 normal to 
the ?irectlon of ax- flow prcventcd b?ckflash. screens 1nstauea pzrallel 
to the general duectlon 3f air flow and In n manner conducive to au tur- 
bulence in the viclnlty of the screen did not prevent bnckflesh. 

INTRODUCTION 

The peculxr abdlty of fue mesh netalllc screenmg to prevent 
eqdoslon and fix, cs lllustreted by ltc use m nuvx-8' lamps, has led to 

', its use In a v,arloty of 3ppllcatlons. The effectiveness of such 3 screer 
however, has been foun? by expersence ta be largely r?ependent on the con- 
dltlIns of the particular mntallattlon. Many mportant factors involved 
the design of an effective fire screen, an6 the exact clrcunstanccs under 
which a screen will or wdl not perform Its fun&lx, a-e unknown. 

in 

PURPOSE 

At the request of the Department af the Navy, Bureau of Aero- 
naut1cs, tests were con&cted by the Clvll Aeronautics Atinmlstration, 
Technlcd Develapnent -x-d Evduatlnn Center an the fire scrcen lnstallatlon 
elf a Grumm XFgF-3 amplane. The purpose of this lnvestl&lon Was to de- 
ternlne the r!egrec elf _sr-Jtectlon fro13 fire affor&e? by the flrc screen of 

this partxular lnstdletlon. 
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DESCRIPTION OF EQUIPMENT 

The test article was a static test tall sectmn of a Grumman 
XF9F-3 airplane which incorporated a fire screen mstalled between the for- 
ward (engine conpreosor) compmtnent and the rear (turbme hind tail pipe) 
cx-pirtment. Phcto@xphlc vxws nf the tall section %x-d the cylmclrslcal 
fire screen lnstallatlon a-e shown In Figs. 1, 2, an4 3. 

Air flow condltlons between tht engine and nacelle were smulate? 
by lnstalllng a 18-Inch pipe ant? flange in the tell sectlon as shown U-J 
Fig. 4. This dluotrattlon also shows the general location of the lgnitors 
anti fuel nozzle0 used In the tests. The lnstzllatl% 1s shown in Fig. 5. 
For test purposes, the tzll sectlon of the xF91?-3 airplane was bolted to R 
42-inch air duct. See Fle. 2. Air ln va-10~3 quantltles was supplied 
through this c?uct by blowers. 

Speclflcstlons of the installed fire screen were as follows: 

Materlal - 30-nesh mane1 netnl 
D~azeter of screen vxe - 0.013 Inches 
Dla.xetEr of screen cylinder - 28 27/32 Inches 
Size of screenmg - 0.013 by 10 by 96 Inches 
Cdculatc? free ares of screen - 2.4 square feet 
Measured area of annuls zntrance to screen - 0.81 square feet 
Annular area at 1~72 lgnltor locatl?n - 2.8 square feet 

Fig. 6 1s a top sectional view nf the tad sectlx, showing the 
general krrectlon of all‘ flow through the nacelle during the tests. The 
locctlons of lgnltors en? fuel nozzles use6 in producmg fires In elther 
compartment also are shown. DurlnG the tests, ;tvlctlon gssollne was sup- 
plied as fud through an open end one-eighth-Inch copper tube at a rate of 
6 l/3 eh. All fuel cutlets were polnted downstream. 

PROCEDURE 

The tests were conducted unfier thrae slnnlntec? condltlons de- 
scrlbed as follows. 

Phase I A fuel led in the forwar& compartment znd a 
scurce of lgnltlan UI the rear conpertment. 

Phase II A fuel led and a source of lgnltlon In the 
forward conp<atnent 3rd~. 

Phase III A fuel le-k ~?nd a Source of lgnltlon in the 
rear conpartrent only. 

Eacn phase lncluacd tests at varz1cuz ax flows through the nacelle. Flow 
mcnsurements were madc at the annular tall exit between the shroud and pipe. 

RESTRICTED 



RESTRICTED 

3 

The free area velocities through the screen, at the annular entrance to the 
screen and at the rear lgn&x locatlon were c-Jxulated. 

The condltlons of SIX test runs are given XI Table I and are 
representative of a conslderablc number of tests 

TABLE I 

AIR FLOW CONDITIONS 

fin- Flow 
Free Araa Al?? Velocity Au Velocity Through Air Flow 

Air Velocity at AnnLiLa at Rem SEX!eXl Thl-OUgh 
TkrOUgh Opcnmg Forward 1gn1tor Air CFM SCreen 

Fue Screen of screen Locntron Cm&. (Test (lb.1 
Test (fm) (ms) (fps) Cond.) sec.) 

A 7.8 23 6.7 117 1,120 1.28 

B 8.1 24 6.9 156 1,160 1.24 

C 11.5 34 9.9 157 1,660 1.78 

D 16.0 47 14.0 166 2,300 2.43 

E 28.4 84 24.0 137 4,100 4.55 

F 35.0 104 30.0 120 5,030 5.75 

Phase I Conditions - F1.re would not travel upstream from the 
reer comprrtment qnltor with air flows equal to or greater than those 
obtalned 1n test D. Calculated velocity at the l@-ator section for test D 
w.ae 14 fps (9.5 mph). 

Fire did travel upstrczn in the rear compartment from the Ig- 
nitor, to end through the screer~, b& not through the cannular entrance to 
the screen under air flow condltlons obtaIned In test C. In this uxtance, 
calculated velocltxs were 

(1) 9.9 fps (6.7 nph) at the rea lgnltor locotlon, 
(2) 11.5 fps (7.8 mph) through the screen, and 
(3) 34.0 fps (23 mph) at the 3nnular screen entrance. 
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Fire did txvel upstrem from the rear compartment ignnltor 
through both thE: screen and anula entr;sncc and Into the forward com- 
partner& with a1r flows cqu;l to or less thzn those obtxned m tests B and 
A. The c?Jculated velocity at the auulzr screen entrance for test B was 
24 fps or 16 mph. 

Phase II Condltlons - Fire in the forwad compartment readily 
paooed through the annular screen entrance and screen Into the rear con- 
partnent and out the tall with air flows equal to or less tha those ob- 
tzlned in test D. Velocltles for thu test were 16 fps (11 mph) through 
the screen and 47 fps (32 mph) at the annular screen entrance. 

Fire in the forward compfatment did not pass Into the rear com- 
partment with ax velocltles above 84 fps (57 nph) at the annul= screen I 
entrance. In this lnstznce, It zppeai-ed that the small annular screen 
entrance zcted as a fl-axe stop. At a Screen entrance velocity of 84 fps 
(test E), snell trnlls of flame would pass through the entraxe and the 
screen. The screen itself appeared to have little damping zffect on the 
fue. 

Phase III Condltlans - Fu-es In the rear compartment were ob- 
served to be self-supp9rtlng after lgnltlon 88 long as fuel was supplied, 
and at or below air flow velacltles of 14 fps (9.5 mph) at the lgnltor 
section. Above this velocity, ? fire In the rear compartment would not 
sustxm Itself, but would b1x.r out. With lgnltlon held on, the fire oc- 
curred In mtermttent short bursts. In no uxtance did fuel or flre 
trnvs1 upstrean. 

The observed test results are sunmuslzed ~a Table II. 

SUPPLEM%NTARY TESTS 

After completion of the tests on the X!?gF-3 fire screen mstal- 
lattlon, supplementary tests were conducted to determine the reason for the 
occurrence of naterlel fallure of the screen 73ter approxvlntely 8~ ex- 
posures to fxe of about ta seconds duration each (see Figs. 9 and lo), 
and the apparent conpletz fnllure of the screen installation to prevent 
bxkflash of fire. A brief stu&y of the nztcrlnl fallure was made by con- 
structing a 4 by 8 inch panel af new 30-mesh none1 screen welded to a steel 
angle frame and testing it by 

(1) heating the Screen locally to a red heat with a 
blow torch for five minutes, 

(2) heztlng the screen locally to a red belt with R 
blew torch and quenching It in water, through 
five cycles, and, 
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TABLE II 

OBSERVED TEXT RESULTS 

Fh?se Fire back- - 
- 

Frrt back- Fire back- Fire observed Intermittent rntermttent 
I flashed through flash& flashec7 In rear zone, nonself- non self- 

6crcen 1nt.o throua cms1stcfittly but fmled to supportmg supportmg 
forwnrd zone Screen mta throueh screen, travel u;jstrem flame down- flame down- 
conomtcntly. forwar? zone but mt into to screen. strem of rea- 

conslatently. 
strean of r.%xt 

fxmrii mm. zone 1grntor. 7.3ne qmtor. 
Screen red hi‘t No bsck-flesh. No bxk-flash 
1x2 Inc.-l <71183. 

-- \ -- 
Phase Self-supportmg Steady self- 3eady self- Steady self- Fmz m form& Smell fire m for- 

II fire In forwarr, supportmg 5upport.m~ Gupgortmg zone only when ward zcnc only with U 
zane with fire 1n forward fire 1n $lre m forward source of sowcc of i@ltion 
mtcrmttcnt zone with firrward mm zone with 1gmt1on llOn". llonl . No flame 
flame through steady flame with stea+y steedy flme s11ght flax w?ul? pass through 
screen md out pass=cS through flme passmg passmg thrsugh mpmgement on mnular openmg to 
tall. screen ad out through screen screen and out scren. No screen. ROW fuel 

tall. and out tall. tall, flame 3.n rear noted pnssmg 
zone. un-au&. 

---~~- 
Phnsc Self-supportmg 

III 
Self-sV@pOrtlng Self-supportmg Self-supportmg Nclnself- Nonself-supsortmg 

fire m rear fire m rear flro m reer fme In rem supporting mternittent flashes 
zone. zont . zone. zone. mtern1ttent of fire in rear zone 

flashes of and out tail. Flashes 
fne m rem Infrequent and of short 
zone and out dumtmn. 
tz11. 
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(3) hcatmg the acreen locally to a red heat knth a 
blow torch 2nd quenching It with conpressed air, 
through ten cycles. 

Five nmutes of steady hcstmg appeared to h,zve no effect on the screen. 
Five cycles of heatmg and quenching m water did not result m failure. 
After ten cycles of heatmg and quenchmg with conpressed au-, the screen 
hzd developed a failure Epproxlmtely three-fourths m&es long. The 
fallure appeared to hme resulted fron the cmbmed hectmg and cooling, 
whxh WRS n&ed to cmsc considerable 10~1 e~znsmn and contractmn. 
Screenmg t&en from the arep of fallurc was highly oxldlzed and had very 
low stren@h md ductlllty, as conpnred with new screen material. 

A brlcf study of fme screen chzrnctermtlcs wzs mdc by In- 
stallmg 30-mesh none1 netal screens m an 18-mch an- duct. One of these 
wm metalled nornnl t3 the dlrectmn of ax flow at the end of the duct as 
shown In Ylgs. 7 and 8fi. Also, two hormontzl screen arrzngeaents were 
mstnlled m the duct r?s shown m Figs. 8B and 8~. The horvmntal. screens 
represent mughly the conflga-atmn of the upptr end lower portmns of the 
XFgF-3 mstallctmn in the scme that the screen at those lscatlgns 1s 
horlzont&l and mamted pu‘allel ts the general dlrcction of air flow. A 
'mrbulent con&tlcm m thz vlcmlty of the 8cr~ens for this cmflgurztion 
18 probable. 

In these tests, fuel was releTsed mto the qlr duct about two 
feet upstream of the Screen, ‘and the zblllty 7f the mstLa11-2tlm to prevent 
bzckflash or upstrcnn tmvel of fl?me through the screen wm observed when 
l@nitlon was effected dowmtrem. Under these condltlcns, It was observed 
that 

(1) the r,creen mstalled nxml to the dire&am of 
mr flm thmugh the duct, prevented b?ckflaoh. 

(2) the screens metalled horxmntally and pnrallel 
to the dlrectmn of ur flow through the duct 
(6ec B, and C, Fig. 8) du! not prevent backflash. 

(3) at duct velocltles cxceedmg appmxmately 15 mph, 
the fire would not travel m free -LX upstrmm to 
the scrcen. 

DISCUSSION 

A basis for d~cussmn <and evaluatmn of the XFgF-3 power plant 
coolxg ar ar,d fire ~cretn corZlgurntmn, frm the stmdpomt of fire 
preventmn, racy be prxlded by the fnll~xang lmt of design characteristics 
ieslreble m a Jet mstnllntmn. 
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1. Possible 8ource6 of conbustlbles should be separated 
fron possible source8 of lgmtmn to prevent the 
occurrence of fu-e, 

2. A ventllatmn and flme stop should be provided between 
potcntlslly hezzrdms zone8 to prevent the spread of fme. 

3 The mstall~tmn should prevent the &rnwmg of flaxes or 
heat frm the exhaust oi- fron fires in the tit section 
mt,> the forward sectmn when negative pressures exist 
at the compressor ml&. 

4. The mstallntlon should ;~voQ the poaalb111ty of drawmg 
cmbuot:bles mto coolmg ar passages and high temperature 
areas by the eJector xtlon of Jet exhausts. 

In an mstallat?m 2s represented by the XFgF-3, which has 
coolmg au passrges between the fore 2nd aft zones, preventive measures, 
Items 1, 3, ad 4, ere n,Yc mcxporated. The test results maxate lmlted 
conplmncc with Iten 2. Under <ax flows equal to or grezter than those 
of Test E, n fire m. one conpxtxent did n?t travel mtr, the other, and a 
fme m the rear conpa-tmnt was not self-supportmg. The preventmn of 
mnterzme flame trmel, however, was observed to be not by virtue of the 
fire screen, whxh zspea-c? meffectlve, but as a result of high air YB- 
locltles nt the annular cntrmce to the Screen and m the rear conpartment 
mxulqa nrem between the shroud ad plpc. A detenmnatmn of blowmt 
velocltles m an actual alrplone was not wlthm the scope of thx In- 
vestlgatmn. Such velocltms zre dependent tn 3 great extent on the number 
znd km? of obstructxns present m the r?x stream md upon other con- 
dltxns not smulated m these teats. 

Results of the supplementary tests on f:re screens mstalled In 
an l&Inch nlr duct lnc7xnted that a screen was most effective m pre- 
ventmg upstream travel of fx-c when x-mtzlled nomad to the general dl- 
rectlon of 51r flow. Tests also mc?lcated that high ax velocltles and 
the ;Ibsence of turbulence at the screen x-e desirable and mprove the 
effectiveness of the screen. 

COnTCLuSIONS 

The general conclusion bnscr? on results of thu mvestlgatlon 16 
that the fire screen mstalled m the XF9F-3 axplane 1s not effective as 
a fire prcventlve or protective masure. 
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42” PIPE 

- TAIL PIPE SECTION 

FIRE SCREEN 

XFSF-3 TAIL SECTION 

Y -ENGINE COMPARTMENT 

FIG 6 TOP SECTIONAL VIEW OF XFSF - 3 TAIL SECTION 

SHOWING DIRECTION OF NACELLE AIR FLOW 
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FIG 8 CUTAWAY VIEWS OF FIRE SCREEN INSTALLATIONS 

USED IN SUPPLEMENTARY TESTS 
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