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AN INVESTIGATION OF THE EFFICACY OF THE YFJF-3
FIRE SCREEN INSTALLATION

SUMMARY

The ability of a fire screen, installed between thc engine com-
rressor and tail pipe compartments of ~ Grummon XFGF-3 airplane, to prevent
trevel of flame from one compartment to the other wos determined by full-
scele tests. The results of this investigation indicate that:

L}

1. The fire screen installation does not prevent backflash
or upstrear travel of fire from the rear compertment to
a source of fael loczted 1in the forward crmpartment.

2. The fire screen inatallati-n foss not wrevent fire, ig-
nited in the forward conpartment, from treveling down-
strean 1nto the rear compartment.

3. The fire screen installation i1s subject tc early material
failure when local spots are exposed to interrattent fare
and cozling air.

Supplenentary laboratory tests on 30-mesh monel metal screen in-
dicated that the sonfipguration of o screen installation i1s an influential
factor 1n 1ts ability bo prevent backflash, A sereen installed normal to
the dlrection of air flow prevented backflash, Screens installed parallel
to the general directicn of air flow end in e nanner conducive to zir tur-
tulence in the vieinity of the screen did not prevent backflesh.

INTRODUCTION

The peculisr ability of fine mesh netalliec sereening to prevent
explosion and firc, as 1llustrated by 1ts use 1n miners' lamps, has led to
1ts use 1n a varicty of applications. The effectiveness of such a2 screen,
however, has been found by experience to be lergely dependent on the con-
ditiona of the particular imstzllation. Many important factors involved in
the design of an effective fire screen, and the exnct circumstances under
which a screen will or wall not perform 1ts function, are unknown.

PURPGSE

At the request of the Department of the Navy, Bureau of Aero-
nautics, tests were conducted by the Cival Acronautics Administration,
Techmical Development and Evaluation Center on the fire screen installation
of a Grummen XF9F~3 airplane. The purpsse of this investigation was to de-
termine the cegrec of rotection from fire afforded by the fire screen of
this particular installation,
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DESCRIPTION OF EQUIPMENT

The test article was a static test tail section of a Grurman
IFIF-3 airplane which incorprorated z fire screen installed between the for-
vard (engine cormpressor) compartment and the rear (turbine and tail pape)
corpzrtment. Phctographic views of the tall gection nnd the cylindrical
fire screen installation are shown in Figs. 1, 2, and 3.

Air flow conditions between the engine and nacelle were sirmlated
by 1nstalling en 18-inch pipe and flange in the teil section as showm in
Fig. 4. Thas 1llustration alsc shows the general location of the 1gnitors
and fuel nozzdee uscd in the tests., The instzllation 1s shown 1n Fig. 5,
For test purposes, the tail section of the XFOI'-3 airplane was bolited to a
h2ainch air duct. BSee Fig. 2. Air 1n varicus guantities was supplied
through this duct by blowers.

Al

Specifications of the installed fire screcn were as follows:

Material - 30-resh nonel metol

Diameter of screen wire - 0.0l3 inches

Diareter of screen cylinder - 28 27/32 inchesa

8ize of screening - 0.013 by 10 by 96 inches

Calculatcd free aren of screen - 2.4 square feet

Measured aren of annular cntrance to sereen - 0.81 square feet
Annular area at rcar ignitor locatisn - 2.8 square feet

Fig. 6 15 a top secticnal view of the tail sectiosn, showing the
general cdirection of air flow through the nacclle during the tests, The
locations of ignitors and fuel nozzles used in producing fires in either
compartment also are shown. During the tests, aviation gasoline was sup-
plied as fuel through an open end one-eighth-inch copper tube at a rate of
6 1/3 gph. All fuel cutlets were pointed downstrean.

PROCEDURE

The tests were conducted under three girmulated conditions de-
scribed as follows-«

Phase I A fuel lesk in the forward compartment and =2
srurce of 1gnition in the reer compertment.

Phese II A fuel leck and a source of i1gnition in the
forward compartnent -only.

Phasc IIT A fuel le~k and a scurce of ignition in the
rear corpartrent cnly.

Eacn phase includced tests at varicus air flows through the nacelle, Flow
measurements were madc at the annular tail exit between the shroud and pipe.
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The frce area velecities through the screen, at the annular entrance to the
screen and at the rear ignitor location werc calculated,

RESULTS
The conditions of six test runs are given i1n Table I and are
rcpresentative of o considerable number of tests
TABLE T

ATR FLOW CONDITIONS

fir Flow
Free Area Aar Velocity Air Velocity Through Air Flow

Air Velccity at Annalar at Rear Screen Through

Through Opening Forward Ignitor Alr CFM Screen
Fire Screen of Screen Location Temp. (Test (1b./
Test (fps) (fps) {fps) (°r) Cond.) gec, )
A 7.8 23 6.7 117 1,120 1.28
B 8.1 2L 6.9 156 1,160 1.24
C 11.5 34 9.9 157 1,660 1.78
T 1€.0 g 14,0 166 2,300 2,43
E 28,4 &L 24,0 137 4,100 4.55
F 35.0 104 30.0 120 5,030 5.75

Phase I Conditions - Fire would not travel upstrean from the
rear compertment ignitor with air flows equal to or greater than those
ocbtained in test D. Calculated velocity at the i1gnitor section for test D
was 14 fps (9.5 mph).

Fire did travel upstrcam in the rear ceompartment from the i1g-
nitor, tc end through the screen, but not through the annular entrance to
the screen under sir flow conditions obtzined in test C. In this instance,
calculated velocities wers

(1) 9.9 fps (6.7 rph) at the rear ignitor locotion,

(2) 11,5 fps (7.8 mph) through the screen, and
(3) 34,0 fps {23 mph) at the annular screen entrance.
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Fire di1d trovel upstre=m from the rear compartment ignitor
through both the scresen and ennular entrance and into the forward con-
partrient with air flows cqual to or less than those obtained 1n tests B and
A, The calculated velocity at the annular screen entrance for test B was
24 fps or 16 mph,

Phase IT Conditions - Fire in the forward compartment readily
passed through the annular screen entrance and screen into the rear con-
partrient and out the tail with alr flows equal to or less than those ob-
toined in test D. Velocities for this test were 16 fps (11 mph) through
the screen and 47 fps (32 mph) at the annular screen entrance.

Fire 1in the forward compartment did nct pass into the rear com-
partment with air velocities sbove 84 fps (57 mph) at the annular screen
entrance. In this instance, 1t appeared that the small annular screen
entrance ccted as a flane stop., At a screen entrance velocity of 84 Ips
{teat E), snzll troils of flame would pass through the entrance and the
screen. The ascreen 1tself appeared to have little damping effect on the
fire,

Phase IIT Condations - Fires in the rear compartment were ob-
gerved tc be self-supporting after i1gnition as long as fuel was supplied,
and at or below aar flow velocities of 1L fps (9.5 mph) at the ignitor
gection., Above this velocity, 2 fire in the reer compartnment would not
gustain 1tself, but would blow out, With i1gnition held on, the fire oc-
curred in intermittent short bursts. In no instance dad fuel or fire
travel upstrean,

The observed test results are gsummarized in Table IT.
SUPPLEMENTARY TESTS

After completion of the tests on the TFJF-3 fire screen instal-
lation, supplcmentary tests were conducted to deternine the reason for the
occurrence of materisl failure of the screen zfter approxinately six ex-
posures to fire of about ten seconds duration each {gee Figs. & andé 10),
and the apparent cormplete failure of the screen installation to prevent
backflash of fare, A brief study of the nmaterinl failure was made by con-
structing 2 4 by 8 ineh panel of new 30-mesh ronel screcn welded to a steel
angle frame and testing 1t by

(1) heating the scrcen locally to a red heat wath a
blcow torch for five minutes,

(2} hesting the screen locally te a red heat with a
blew torch and quenching 1t in water, through
five cycles, and,
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TABEE II

OBSERVED TEST RESULTS

TEST A B C D E F
Phase Fire back- Firce back- Fire back- Fire observed Intermittent Intermittent
I flashed through flashed flashed in rear zone, nenself- non self-
scrcen inte through consistently but failed to supporting gupporting
forward zone screen :nto through screen, travel usstream flame down- flame down-
consistently., forward zone but not into te screen., strean of rear strean of re=r -
consigtently. forward zone, zone ignitor, zone 1gnirtor,
Screen red hot No back-flash. No back-flash
in local area.
Phnse Self-supporting Steady self- Steady self- Steady self- Fire in forward Smell fire in for-
I fire 1n forward supporting gupporting supporting zone only when  ward zonce only with M
zone with fire in forward fire in fire i1n forward source of gource of ignition
intermittent zone with forward zonc zone with ignition "on", "on", No flame
flame through steady flame with steacfy steady flome Slight flame would pass throurh
screen cnd out pasgsing through fleme passing paseing throush impingement on annular cpehang to
tail, screen ard out through screen  screen and out screen. HNo screen. Raw fuel
tail. and out tail. tail, flame in rear noted passing
. Zone, through.
Phasc Self-supporting Self-supporting Self-supporting Self-supporting Nonself- Nonself-supporting
111 fire in rear fire in reor fire in rear fire in reer supporting intermittent flashes
Zone. ZOTIC o none, ZONE, intermittent of fire in reesr zone
flashes of and out tall, Flashes

fire in rear
zone and out
ta1l,

infrequent and of short
duration,
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(3) heating the screen locally to a red heat with a
blow torch and quenching 1t with compressed air,
through ten cycles.

Five minutes of steady heating appeared to have nc effect on the sereen,
Five cycles of heating and quenching in water did not result in failure,
After ten cycles of heating and quenching with compressed air, the screen
h2d developed a failure approxinantely three-fourths inches long. The
foi1lure appeared to have resulted from the cormbined herting and eocling,
which was noted %o cause considerable loesl expansion and contraction.
Screening taken from the arer of failure was highly cxadized and had very
low strength =nd ductility, as compared with new screen material.

A bricf study of fire screen characteristics wz2s made by in-
stalling 30-mesh monel metal screens 1n an 18-inch air duct. Ome of these
wos installed normal to the direction of air flow at the end of the duct as
shown 1n Figs. 7 and 84. Also, two horigontal scrcen arresngements were
installed in the duct ns shown in Figs. BB and 8C, The horizontal screens
repregent roughly the configaration of the upper and lower portions of the
¥F9F-3 installetion in the sense that the screen at thosc locations is
horizontal and mounted parallel to the general darection of air flow, A
turbulent conditrom 1n the viecinity of the scruens for this configuration
15 probable,

In these tests, fuel was relensed into the ~i1r duct about two
feet upstream of the screem, and the =2bility »f the instollation to prevent
backflash or upstrcam travel of flame through the screen was observed when
1gnition was effected downstream., Under these conditicns, 1t was observed
that

(1) the screen installed normal to the direction of
air flow through the duct, prevented bockflash.
{2) the screens installed horizontally and parallel
to the direction of acir flow through the duct
(sec B, and C, Fig. 8) di1@ not prevent backflash.
(3) at duct veloecaties exceeding approxinctely 15 mph,
the fire would not travel in free nir upstream to
the screen,

DISCUSSION
A basis for discussion and evaluation of the XFSF-3 power plant
ccoling mir and Tire screen configuration, from the standpoint of fare

prevention, ney be pravided by the following last of design characteristices
Zesireble 1n a Jet inatallatiom.
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1. Poasible sources of combustibles should be separated
from possible sources of i1gnition tc prevent the
gecurrence of fire,

2. A ventilation and fleme stop should be provided between
potentislly hezardous zones to prevent the spreczd of fire.

3 The i1nstallztion should prevent the draving of flames or
heat from the exhaust or from fires in the nft section
into the forward section when negative prossures exist
at the compresscr inlet.

., The installaticn should avoild the possibility of drawing
corbustibles into cooling air passages and high temperature
areas by the ejector action of Jet exhausts,

In an installat on 25 represented by the XF9F-3, which has
cocling alr passages between the fore znd aft zones, preventive neasures,
Items 1, 3, ond 4, are not incorporated. The test results indicate limited
complionce with Item 2. Under axr flows equal to or greater thon those
of Test E, a fire in one conpartaoent did mot travel intc the other, and a
fire i1n the rear compartment was nct self-supporting. The preventicn of
interzone flarme travel, however, was cbserved to be not by vairtue of the
fire acrcen, which oppesrcd ineffective, bubt as a result of high air ve-
locities at the snnular entrance tc the gereen and in the rear compartment
anmular areas between the shroud and pipe. A dstermination of blowout
velocities 1n an actual airplaone was not within the scope of this in-
vestigation., Such velocities are dependent t~ a2 great extent on the number
and kind of cbstructicns present in the oir strean and upcn other con-
ditions not simulated i1n these tests.

Results of the supplenentary tests on fire screens installed in
an 18-inch air duct i1ndzcated that a sercen was nost effective in pre-
venting upstream travel of fire when installed normal to the general di-
recticn cf air flow., Tests alse indicated that high air velocities and
the abgence of turbulence at the screen are desirable and improve the
effectiveness of the screen.

CONCLUSIONS
The general conclusion bascé on resulis of thie i1nvestigation is

that the fire screen instzlled in the TFGF-3 ailrplane 1s not effective asg
a fire preventive or protective mcesure.
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FIG 6 TOP SECTIONAL VIEW OF XF9F -3 TAIL SECTION
SHOWING DIRECTION OF NACELLE AIR FLOW
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JLLUSTRATING SUPPLEMENTARY TEST SETUP
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FIG 8 CUTAWAY VIEWS OF FIRE SCREEN INSTALLATIONS
USED IN SUPPLEMENTARY TESTS
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_FIGIO0 VIEW OF SCREEN SHOWING LOCATION O
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