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INTRODUCTION (refer ence 5). A full—scale test as
reported herein was needed to confirm
and validate heat and smoke measure—

PURPOSE. ments obtained in other modeling and
small—scale tests.

The purpose of t h i s  p ro jec t  was to
measure and study the flame penetra EXPERIMENTAL OBJECTIVE.
t ion  and r e s u l t i n g  accumulation of
heat  and smoke ins ide an aircraf t The experimental objec t ive of this
cab in  produced b y a large e x t e r n a l  p ro jec t  was to conduc t full—scale
f uel f i re  ad jacent to a fuselage door tests to study the e f f e c t of large
opening. external pool fires adjacent to an

aircraf t fuselage door opening .
BACKGROUND.

Dur ing an impact—survivable crash , the DISCUSSION
cabin interior can be threatened by
a possible external fuel fire. Heat,
smoke, and toxic gases may enter the GENERAL APPROACH.
cabin through fuselage openings and
create hazardous condit ions within a Tes ts were performed at NAFEC’s air—
short period of t ime (reference 1). port f i re  test site u t i l iz ing an ex-

isting 400—ft2 fire pit. A stripped—
Full—scal e tests on the effect of out, surplus DC7 fuselage (previously
large pool fires on a fuselage have firs t used by Marcy (ref erence 6) for
produced heat transfer rates to the aircraf t interior materials test ing)
exterior as high as 13 British thermal was prepared as a test article
units per foot squared second (figure 1). To preserve the aluminum
(B tu / f t 2s) (referenc e 2) in one set fuselage for more than one test , the
of tests , 16 B t u / f t 2 s in another  a i rcraf t  skin was “fire—hardened” wi th
(r e f e r e n c e  3) , and 18 B t u / f t 2s in galvanized steel sheeting (0.032
tests on a titanium fuselage inches thick) placed over KaowooP
(reference 4). These heat fluxes noncombustible aluminosilicate fiber
a r e  u p p e r  e x t r e m e s t h a t  can  be b lanke ts  (1 inch thick). The fire
r e a l i z e d  from a large fue l  f i r e .  hardening extended 20 ~~et on either
W i n d  c o n d i t i o n s , d o o r  o p e n i n g  side of the f i re  doorway from the top
c o n f i g u r a t i o n s , b r e a k s  i n  t h e  to the bottom c e nt e r l i n e s  of the
fuselage , or “burn—through s” can be fuse lage . Two add i t iona l  doorway s
expected to cause great variability were cut on each s ide of the fuselage
in the cabin hazard levels. The cabin approximately 30 feet forward of the

• hazards resulting from a small fuel fire doorway . These doorways were
f i re  adjacent to an intact fuselage f i t ted  with removable metal  covers .
door opening have been more recently This was accomplished for the purpose
s tud ied  at the National Aviation of varying the door opening configura—
Facili ties Experimental Center tion from test to test. All three
(NAFEC) in f u l l — s c a l e  C 133 t e s t s  doorways measured 28 inches wide by
(reference 1). Ph y s i c a l  f i re  56 inches high. These door dimensions
modeling tests were also performed to properly scale the Type A doorway
exam ine the C133 cabin environment ope n ings in the C 133 (76  inch es
under large fuel fire condit ions by 42 inches) and fir e modeling
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( 19  i nch es b y 10.5 inches) test Physics model 155, waveleitgth = 632.8
a r t i c l e s .  The i n t e r i o r  was f i r e —  n a n o m e t e r s)  and ph o t o c e l l s  (Wes ton
hardened to varying degrees (depending m o d e l  856 Y R )  w e r e  c o v e r e d  w i t h
on the proxi.’.ty to the fire door) fiberglass cloth over Kaowool blankets
using Kaowool , f iberglass clo th, for protection from the harsh environ—
galvaniz ed and st ainless s teel ment (figure 4). A Trade—Wind cup
sheets, and transite. Extra effort anemometer (model 110) was positioned
went into stripping out combustible next to the instrumentation trailer
mater ials ( insulat ion, ha tracks , etc.) and used to record wind velocities
especially on the fire side of the continuously on the oscillograp h.
fuselage. The test arti cle was Wind direction was manually recorded
positioned with the fire doorway at from a Taylor Windscope (mode l 3105)
the center of one side of the f i rep it direction indicator. Four mot ion
(fig ures 1 and 3). picture cameras were used to document

the tests.
INSTRUMENTATION.

TEST PROCEDURE.
Instrumentation consisted of calor i-
meters , thermocouple trees , laser A set routine was followed in pre—
transmissometers, motion picture and paring for and conduct ing each test.
s t i l l  photography,  and a windspeed and Th e f i r e pi t was f i rst f i l led wi th
direction indicator. Laser trans— water to a depth that sufficiently
m issome ter , windspeed , and calorimeter covered the gravel bed. One hundred
da ta were recorded on a Honeywell gallons of JP—4 fuel was pumped from a
model 1858 oscillograph. Thermocouple f u e l  t a n k e r  t r u c k  in t o  t h e  p i t .
da t a  were recorded on an E s t e r l i n e  Calorimeter cooling ‘. ines were checked
Angus model D2020 dig i tal  data logger, f o r  p r o p e r  w a t er  f l o w  and l a s e r
Both recorders  were located in an transmissometer windows were cleaned .
i n s t r u m e n t a t i o n  t r a i l e r  near  the
fuselage . Plan and side views of the Calibration checks were performed on
cab in  i n t e r i o r  show calor imeter , the o sc i llog raph  and thermocouple
t h e r m o c o u p l e , and l a s e r  t r a n s —  recorders .  F i remen prepared for
mis some te r  loca t ions  ( f i g u r e  3) . e x t i n g u i s h i n g  the f i r e .  Wi th  a l l
Three c a l o r i m e t e r s  (Hy—ca l  model instruments operational , a s ignal was
C— 1300—A) were installed at locations g i v e n  t o  first start the motion
that correspond to those of the C133 p i c t u r e  cameras  and then  to l igh t
and physical fire modeling test the fire pit with a torch. Test
articles. These locations include the duration was 90 seconds, at which time
ce iling (C2) , exterior skin (C3) a signal was given for the firemen to
(adja cent to the fire doorway ), and ext inguish the fire using light—water.
the symmetry plane of the doorway Although a longer test duration may( ci) (figures 2 and 3). Two thermo— have been desirable , 90 seconds was
couple trees, each consi st ing of four adequate to allow for the development
chromel—alume l thermocouples , were of cabin haza rd  level cond i t ions
used to record temperatures within the reflecting wind and door opening
cabin. Two helium—neon laser trans— co n f igura t ions and wa s beli ev ed
missometers were mQunted horizontally not to unduly jeopardize the test
at d i f f e ren t  heights to span a 3—foot artic le. The fire pit was then pumped
cross—section of the cabin (Li top and out to prepare for another test.
L2 bottom). The lasers (Spectra Repeated early morning tests 
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conducted in an at t empt to obtain a These same trends can be seen in the
calm (referenc e 7) wind condit ion responses of the symmetry plane and
(tab le 1) for baseline data,  ceiling calorimeters (figures 6 and 7 ,

respec t ive ly)  and the l i g h t  t r a n s —
TEST RESULTS AND ANALY SI S. m it t a n c e  d a t a  for  the bo t tom laser

t r a n s m i s s o m e t e r  ( s e e  a p p e n d i x  A
Tab le 2 summarizes the init ial  condi— page A—3 ) .  It is evident from both
t i ons  of the  14 t e s t s  which were photography (figure 8) and the ceiling
conducted during November 1978 . In c a l o r i m e t e r  d a t a  t h a t  there was
one ca tego ry of tea ts , the cabin significant flame penetrat ion during
hazard levels were low compared to the test 13. Smoke and heat f i l led the
remaining test results. These low cabin and vented out of both forward
results were obtained when the wind doorways (figure 9). Test 14 experi—
d i rec t ion w a s  p a r a l l e l  t o  the enced much less flame penetration, as
f u s e l a g e . Peak  s y m m e t r y — p l a n e  evident  in the c e i l i ng  ca lo r ime te r
heat f lux was less than 1.2 Bt u / f t 2 s , data (f igure 7) .  Subsequent ly, less
and peak ceil ing t emp e ra tu re a t accumulation of h e a t  and smoke
Ti (f i gu re 3) was less than 200 occurred during test 14 as corn—
degrees Fahrenheit (°F). A test pared with test 13. A fire whirl
with the wind blowing the fire in a (reference 8) developed during test 14
direction away from the fuselage (test (figure 10) causing intense radiant
8) also produced low results similar heat to be f e l t  by t es t  personne l .
to the parallel wind tests. It became However , skin calorimeter output at
clear from observers ’ tape recorded the fire door for tes t 14 showed that
report s and exterior movie coverage the fire whirl did not appear to have
tha t  the f i r e  doorway was v i s ib l e  adversely affected the test results as
during this category of tests , ind i~ compared with test 13.
cating that  cabin exposure conditions
we re no t re p r e sen t a t ive of a A numerical integration was performed
realis t ic , large fire. Fuselage on the symmetry plane calor imeter
skin calorimeter (C3 ) output averaged plot for these two tests. The heat
less than 5 Btu/ft2s, thus confirming fluxes from 20 seconds (time when
the low cabin environmental readings fire becomes full y developed ) to 70
that were recorded for these tests. seconds (time when most readings began

to dropoff) averaged 2.4 Btu/ft 2s
The remaining tests , which produced and 1.8 Btu/ft2s for tes ts 13 and
sign ificantly hi gher haz ards , fall 14, respe ct ively. A heat flux of 1.8
into two categories. One of these Btu/ft 2 s was  ob t ai ned during
categories is the calm wind condition modeling tes ts for an “infinite” fire
d ur i ng w h i c h  tes t 13 ( a l l  door s  under qu iesce nt wind condi t ions
open (ADO)) and test 14 (all doors (reference 5). A higher average
closed (ADC)) were cond ucted. symmetry plane heat flux for test 13
S i g n i f i c a n t  d i f f e r e n c e s  in h e a t  is attributed to the flame penetrat ion
accumulation for these two tests are documented during the test which was
apparent in the plot of the rear significantly greater than in test 14.
ceiling thermocouple ’s (Ti) outputs The variation in door opening
‘fig ure 5). Cabin temperature ~onfigurat ion appeared to be the
continued to increase when the doors con trolling fac tor in these two
were open , but leveled off at 50 tests.
seconds when the doors were closed.
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TABLE 1. BEAUFORT WIND SCALE *

Windspeed
mi/h kn Description Observation

0—i 0—i Calm Smoke Rises Vertically

1—3 1—3 Light Air Smoke Drifts Slowly

4—7 4—6 Slight Breeze Leaves Rustle

8—12 7—10 Gentle Breeze Leaves and Twigs in Motion

13—18 11—16 Moderate Breeze Small Branches Move

19—24 17—21 Fresh Breeze Small Trees Sway

* Beau fort wind scale is used because of its simple way in defining the minor
variation in wind velocities encountered during testing (refe rence 7).
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TABLE 2. SUMMARY OF TEST CONDITION S

Wind Ambient
Time Wind Direction Temperature Door Configuration

Test No. Date (EST) Condition (1) (Degrees) (2) C F) (3) (4) (5)

1 11/15/78 0636 cat. —— 57 ADO

2 11/15/78 1046 sligh t to 0 65 ADO
gentle bree ze

3 11/18/78 0950 moderate breeze 270 55 UDO (U closed)

4 11/18/78 1249 gentle breeze 270 68 DDO (2L closed )

5 11/19/78 0655 light air 315 34 ADO

6 11/20/78 0621 light air 0 38 ADO

7 11/21/78 0623 sligh t breeze 0 41 ADO

8 11/21/78 1427 sligh t to 060 57 ADO
gentle breeze

9 11/24/78 0621 slight to 270 56 ADO
gentle breeze

10 11/24/78 1054 gentle to 270 64 ADC (U and ZL closed)
moderate breeze

11 11/26/78 0652 light air to 0 34 ADO
slight breeze

12 11128/78 1003 slight breeze 0 43 ADO

13 11/29/78 0630 cal. —— 31 ADO

14 11/29/78 1406 cal. to 270 49 ADC (U and 2L closed)
light air

I
1. Reference table 1
2. Aircraft nose heading north (00)
3. See figur e 3
4. Fire door (31.) open for all tests
5. ADO — All Doors Open

UDO — Upwind Door Open
DDO - Dovnvind Door Open
ADO — All Doors Closed

—— Not app licable
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A p p e n d i x  B c o n t a i n s  t e m p e r a t u r e  covered by fire during the entire test
strat ification data dur ing tes ts 3, 4 , (figure 14). Similar to t emperature ,
9, 10, 13, and 14 for both thermo— smoke acc umu la t ion fo r  t es t 3
couple trees. These plots clearly (ap pendix A page A—I) was the lowest
show the variation in the distribution of the four wind tests. Only the
of heat between the cabin floor and upwind doors were open during test 3,
ceiling from test to test. prevent ing any crossflov from the

upwind to downwind sides through the
Tes ts 3, 4, 9, and 10 were conducted fuselage. This door opening config—
wi th the wind perpendicular to and uration also allowed ambient wind to
blowing the fire toward the fuselage, enter the cabin through the forward
Wind conditions and exit door config— doorway and block expansion of the
urations differed for the four tests. fire gases.
A graph of Ti’s output shows the
varia t ion in heat accumulation for The ceiling calorimeter outputs
these tests (figure 11). A peak for test 9 (ADO) and test 10 (ADC )
ceiling temperature of 1,4000 F was are included in figures 13 and 12 ,
recorded during test 4 (appendix B respectively. Intermittent flame
page B—3). This severe temperature is penetrat ions occurred during tests 9
attributed to downwind door open (DDO) and 10. More severe flame penetra—
and the upw ind door closed (UDC). tions in test 9 prod uced a h i ghe r
Such a door opening configuration accumulation of heat (appendix B page
caused high cabin drafts carrying vast i—5) and a more rapid accumula t ion
amounts of smoke and heat to flow of smoke (appendix B page B—2) than
through the length of the cabin. It during test 10. More smoke and heat
appears that the low—pressure downwind inside the cabin when all doors are
opening draws air and combustion opened as opposed to when all doors
products from the fire door through are closed , with wind, produced the
the cabin. In contrast , in tes t 3 same trend as with calm wind condi—
when the wind velocity was higher than tions (figure 5). Figure 15 shows
in test 4 but the forward door opening flame penetration during a perpen—
locations were reversed , heating of dicular wind test (test 9). The
the cabin air was much lower. In this smoke layer is evident near the top of
upwind door open (UDO) case , ambient the doorway .
wind entering the cabin appeared to
a ct like a bu f f e r  agains t the A numerical  integra tion o f th e
expanding fire gases . Evidence of symmetry plane calorimeter’s output
severe flame penetration during test 4 from 20 to 70 seconds for tests 3, 9,
is apparent in the ceiling heat fluxes and 10 produced average heat fluxe s
which were in excess of 5 Btu/ft2s of 1.4, 2.4, and 1.6 Btu/ft 2s,
(figure 12). Light transmission data respective ly (fig ure 16). Test 4
for the bottom laser (appendix A produced -symmetry plane heat fluxes
page A—i) showed smoke accumulation greater than the recordable range
occ urring as early as 10 seconds into (4 Btu/f t2s) for most of the t e s t .
test 4 and total obscuration of Sysnetry plane calorimeter results of
the 3—foot ligh t beam by 25 seconds, test 4 and 9 are attributed to the
Tes t 3, in contras t, experienced very degree of flame penetration apparently
li ttle flame penetrat ion (ceiling controlled by the door opening config—
calorime ter plot——figure 13) even uration. During both of these tests,
though the doorway was observed to be smoke and hea t co u ld enter on the
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upwind side and exit on the downwind SUMMARY OF RESULTS
side of the fuselage. These tests (4
and 9) pe rmi t t ed  a “forced”  f low
through the cabin. However , when the 1. With the wind parallel to the
forced flow is blocked (tes ts 3 and fuselage, very li ttle accumulat ion of
10) , a less severe environment results heat and smoke resul ted wi thin the
within the cabin, cabin due to incomplete flame coverage

of the fire door opening. A test with
Skin Calorimeter (C—3) outputs tended the fuselage upw ind of the fire
to confirm the observed flame coy— produced similar results.
e r a g e  of t h e  f i r e  d oor d u r i n g
the tests. Low accumulation of heat 2. Tests were conducted with calm
and smoke co rres ponded to low skin wind condi tions , in one case with all
calorimeter outputs; i.e., s imilar to doors open (ADO ) and in another case
those of test 8 (figure 17). The with all doors closed (ADC). With
high, steady ex ter ior calorime ter ADO, the average syiiinetry plane heat
output during tes t 13 (14 Btu/f t2s) flux was 2.4 Btu/ft2s. With ADC, the
is indicat ive of consis tent flame average symmetry plane heat flux was
coverage of the fire door with calm 1.8 Btu/ft2s.
wind conditions. Test 4 produced a
similar high exterior calorimeter 3. The heat flux to the external skin
output; however , the presence of calor imeter averaged about 14 Btu/f t2s
wi nd c au sed random fluc tu a t ions for calm wind condit ion or s teady ,
(+6 Btu/ft2s) about the 14 Btu/ft2s perpendicu lar wind (blowing fir e
average , toward fuselage ) tests.

Table 3 s u m m a r i z e s  t h e  r e l a t i v e  4. Depending on wind direction and
severity of the two calm wind condi— speed and door opening conf igurat ion,
tion tests and the four tests in which the average heat to the symmetry plane
a gen tle—to—moderate breeze was calorimeter at the fire door can vary
blowing the fire toward the fuselage. from 1.0 Btu/ft2s (wind pushing fire
Excluding tes ts 3 and 4 (in wh ich away fr om fuselage ) to values in
varying door opening configura t ion exc ess of 4 Btu/f t2s (wi nd driving
broadened the  poss ible  spec t rum of f i re  into doorway with downwind door
r e s u l t s) , the average symmetry open).
plane heat f lux fa l ls  into a range of
1.6 to  2 .4  Btu/ft 2s. For the calm 5. Four tests were conducted with a
wind condition tests (13 and 14), the gentle—to—moderate breeze blowing
symmetry plane heat flux falls into the fire toward the fuselage. Door
a r a n g e  of 1.8 to  2.4 Btu/ft 2a. opening configurations were found to

con trol the f low of heat and smoke
Table 3 also includes temperature and into the . cabin. The most hazardous
smoke h a z a r d  d a t a .  I t  is clear cabin environment for these tes ts
from elapsed t imes to the arbi trary occ ur r ed wh en the upwind door was
T2 — 200° F and 400° F and L2 50 closed and the downwind door was open.
and 10 percent values , that the smoke Conversely, th e l eas t h a z a r d o u s
hazard pr ecedes the temperature environment occurred when the upwind
hazard in the cabin for these tests, door was open and the downwind door
In add i t i on , s imi l a r  t r ends  in the  was closed . When either all doors
relative severity are shown for smoke, were open or all doors were closed ,
temperature , and heat f lux.
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APPENDIX A

LASER TRANSMISSOMETER DATA FOR BOrrOM LASER (U)
TESTS 3, 4, 9, 10, 13, AND 14
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