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EXECUTIVE SUMMARY 

Currently, commuter category aircraft as defined in Part 23 are exempt from 
meeting the stringent FAR'S requirements for seat cushion fire blocking layers 
and low heatlsmoke release panels in large transport aircraft. To determine 
the potential improvements in postcrash fire survivability from the usage of 
these more fire resistant materials in commuter aircraft and also from an on- 
board water spray system under development for large transport aircraft, a 
series of twelve full-scale fire tests were conducted in a Metroliner 
fuselage. Test results demonstrated that improved fire resistant interior 
materials delayed the onset of "flashover", a condition in which the cabin 
materials ignite and burn very rapidly, consuming large quantities of oxygen 
and producing intense heat and copious amounts of toxic gases. The tests also 
showed the dramatic improvement offered by an onboard cabin water spray system 
for safeguarding against the effects of an external postcrash fuel fire. By 
spraying only 5 gallons of water, passengers could gain as much as 3 
additional minutes of survival time in this size aircraft. 





INTRODUCTION 

PURPOSE. 

The purpose of this report is to present the results of twelve full-scale fire 
tests conducted in a commuter type aircraft fuselage. The tests investigated 
the ability of improved fire resistlant cabin materials and an onboard water 
spray system at providing increased survivability during a postcrash fire 
scenario. 

BACKGROUND. 

Historically, fire has been the major cause of fatalities during impact: 
survivable type accidents. The scenario most common to this type of accident 
involves a ruptured fuel tank and the subsequent spillage of jet fuel adjacent 
to the aircraft. This fuel can erupt into a pool fire which poses a severe 
threat to the passengers attempting to escape. The fire can enter the cabin 
through various paths, including an open escape exit. Once inside, the fire 
may quickly spread, involving the furnishings such as the seats, sidewall 
panels, and carpet. During the past decade, the Federal Aviation 
Administration (FAA) has spearheaded rulemaking that provides passengers a 
Longer duration of time before the cabin conditions become nonsurvivable as 
well as expedite the evacuation process during this type of accident. In 
order to accomplish this, the FAA introduced rulemaking which addresses the 
flammability of the cabin materials. Perhaps the most salient of the 
rulemaking implemented to date has been the mandatory use of fire blocking 
material in the seats. By delaying the relatively flammable urethane foam 
used in the cushions from becoming involved, passengers may be offered an 
additional 40 to 60 seconds of escape time during a typical postcrash cabin 
fire. Similarly, the use of low heat release interior panels delay the onset 
of flashover, a condition in which the cabin materials ignite and burn very 
rapidly, consuming a large quantity of oxygen and producing intense heat. 
Flashover is the transition point at which the conditions inside the cabin 
change from survivable to non-survivable in a very short period of time. The 
use of fire blocking and low heat release panels significantly delay 
flashover, thereby improving occupant survivability in transport category 
aircraft fires. 

A safety improvement beyond the fire hardening of cabin interior materials can 
be achieved by using a low flowrate onboard cabin water spray system 
(reference 1). Originally developed by Safety Aircraft and Vehicles Equipment 
(SAVE) Ltd., the system consists of an array of nozzles located throughout the 
cabin, filling the entire volume with a fine mist. The most recent design is 
based on a zoned concept which allows for the activation of individual areas 
based on temperature. By doing so, the water can be applied to the area of 
greatest fire threat, minimize the amount wasted in the more remote areas, and 
ultimately reduce the amount of water required. During tests conducted in a 
narrowbody 707, as much as 159 seconds of additional time available for escape 
were achieved by using only 8 gallons of water (reference 2). 

Currently, commuter category aircraft (as defined in FAR's Part 23) a-re exempt 
from meeting the very stringent FAR's requirement: for the use of fire blocking 
and low heatlsmoke release panels in large transports (new, small transports 
which contain 19 seats or less are required to meet the current FAR's as 



de f ined  i n  P a r t  25 ) .  I11 an e f f o r t  t o  determine t h e  e f f e c t i v e n e s s  of bo th  t h e  
improved f i r e  r e s i s t a n t  m a t e r i a l s  and a  cab in  wa te r  spray  system i n  a commuter 
s i z e d  a i r c r a f t  fu se l age ,  a  s e r i e s  of t e s t s  were run  us ing  v a r i o u s  combinations 
of i n t e r i o r  s idewa l l  pane l s  and s e a t s  and a zoned wa te r  spray  system. 

DISCUSSION 

TEST DESCRIPTION. 

Twelve tests were conducted i n  a  f u l l y  f i r e  hardened Met ro l ine r  fu se l age ,  
r e p r e s e n t i n g  a  t y p i c a l  commuter s i z e d ,  s i n g l e  a i s l e  a i r c r a f t  cab in .  Of t h e  
twelve tests conducted, f i v e  u t i l i z e d  t h e  wa te r  spray  system. An a d d i t i o n a l  
f i v e  tests were run  under i d e n t i c a l  cond i t i ons  wi thout  t h e  a c t i v a t i o n  of water  
sp ray  i n  o rde r  t o  provide  b a s e l i n e  d a t a  f o r  each m a t e r i a l  combination. 
I n  a d d i t i o n  t o  t h e  f i v e  water  spray  and f i v e  nonspray t e s t s ,  two tes ts  were 
conducted t o  i n v e s t i g a t e  t h e  impact of a p a r t i a l l y  obs t ruc t ed  forward e x i t  and 
a l s o  t o  e v a l u a t e  t h e  e f f e c t  t h a t  t h e  channel-type f l o o r  geometry used i n  t h e  
Met ro l ine r  a i r c r a f t  has  on flame propagat ion dur ing  a  t y p i c a l  cab in  f i r e .  

A s  shown i n  f i g u r e  1, t h e  i n t e r i o r  f i r e  load cons i s t ed  of f o u r  rows of seats, 
s i d e w a l l / c e i l i n g  pane l s  ( e i t h e r  honeycomb o r  thermoplas t ic  depending on t h e  
t e s t ) ,  and c a r p e t  i n  t h e  f i r e  door a r ea .  A l l  t e s t s  u t i l i z e d  a  4- by 5 - foo t  
pan f i r e  ad jacent  t o  t h e  a f t  cargo door opening which measured 53 inches  by 66 
inches  on t h e  o u t e r  s u r f a c e  of t h e  fuse lage .  This  opening was made sma l l e r  
f o r  a l l  t e s t s  by p l a c i n g  a  s h e e t  of aluminum over  i t  and c u t t i n g  a  20- by 26- 
i nch  opening i n  i t s  c e n t e r  (same s i z e  opening a s  t h e  overwing e x i t ) .  This  
i n i t i a l  breech,  which s imulated a  fu se l age  rup tu re ,  grew i n  s i z e  a s  t h e  t e s t  
p rogressed;  t h e  aluminum shee t  qu ick ly  melted away, exposi.ng t h e  f u l l  53- by 
66-inch opening. The f i r e  was drawn i n t o  t h e  fuse l age  opening by a  f a n  
loca t ed  a t  t h e  forward e x i t ,  exhaus t ing  outward. 

The wa te r  spray  system was configured i n  a  "zoned" arrangement c o n s i s t i n g  of 
f o u r  zones, w i t h  s i x  nozz les  i n  each zone ( f i g u r e  2 t o p ) .  The zones measure 
100 inches  i n  cab in  l e n g t h  and inc lude  two nozz les  mounted a t  t h e  cab in  
pe r iphe ry  i n  each of t h e  two boundary p lanes  w i t h  t h e  spray  d i scha rge  d i r e c t e d  
towards t h e  c e n t e r  of t h e  zone. S p e c i f i c a l l y ,  each nozz le  i s  mounted 
pe rpend icu la r  t o  t h e  supply l i n e ,  and a t  a  45 degree ang le  w i t h  t h e  v e r t i c a l  
t r a v e r s e  p l ane  ( f i g u r e  2  bottom). Add i t iona l ly ,  two nozz les  a r e  mounted i n  
t h e  c e n t e r  of t h e  100-inch zone a t  t h e  cab in  per iphery ,  a l s o  perpendicular  t o  
t h e  supply l i n e .  A zone temperature of 300 OF ( a s  measured by a c e n t r a l l y  
mounted thermocouple a t  c e i l i n g  h e i g h t )  was s e l e c t e d  t o  a c t i v a t e  t h e  wa te r  
spray  d ischarge .  The average f lowra te  f o r  a l l  water  spray  t e s t s  was 0.35 
g a l l o n s  pe r  minute (GPM) p e r  nozz le  a s  t h i s  f l owra t e  was determined t o  y i e l d  
optimum r e s u l t s  i n  prev ious  t e s t s  conducted i n  both  narrow- and wide-body 
f u s e l a g e s  ( r e f e r e n c e s  2 and 3 ) .  

A f t e r  two i n i t i a l  cond i t i on ing  t e s t s  which a r e  omit ted from t h i s  r e p o r t ,  f o u r  
tests  were conducted i n  which t h e  wa te r  spray  system was u t i l i z e d .  (The tests 
were omi t ted  because a  d i f f e r e n t  t ype  of aluminum s h e e t ,  2024 T3, was used 
over  t h e  burnthrough a r e a .  Subsequent t e s t s  revea led  t h a t  t h e  5052 aluminum 
shee t  which was used i n  a l l  remaining t e s t s  r equ i r ed  a  much longer  pe r iod  of 
t i m e  t o  burn away and a l low flame p e n e t r a t i o n .  The t e s t s  were a l s o  omit ted 
because of t h e  "new" cond i t i on  of t h e  f i r e  hardening i n s i d e  t h e  fuse l age .  



Previous testing has shown that a newly fire hardened test article can produce 
erratic results, possibly due to the reflective nature of the sheet metal 
before the finish becomes dulled by the heat and smoke. As a rule of thumb, a 
few preliminary tests are conducted to "condition" a new test article prior to 
obtaining satisfactory data). A total of five gallons of water was sprayed 
during each of these tests. The four tests were then repeated under identical 
conditions without the introduction of water spray. 

Because this particular fuselage had such a small diameter, the forward exit 
door stretched from essentially a few feet above the bottom to a point very 
near the crown or top of the fuselage. During tests, the heavy smoke 
generated was observed emanating from the upper half of the forward exit door 
which acted as an overhead vent. For this reason, the upper half of the 
forward exit was covered with sheet metal during one test to determine the 
impact of the reduction in venting (figure 3). Similarly, it was believed 
that the channel-type floor employed in the Metroliner had the effect of 
feeding a cabin fire because it would continually allow airloxygen to enter a 
fuselage exitlrupture and progress along this "gully type" passage to the 
fire. This passage was covered up with fire hardening during all the initial 
tests but removed for the last test to evaluate the effect of the floor as a 
channel for feeding fresh air to the cabin fire (figure 3). Table 1 
summarizes the various material combinations and the results obtained during 
the tests. 

Figures 4 through 9 display the laboratory (OSU rate of heat release test) 
results of the three different panels used in the fuselage fire tests. As 
shown, the improved fire resistant honeycomb panel (designated as TMTP 1) 
exhibits the lowest: peak heat release of approximately 30 kilowatts per meter 
squared (kwlm2). The thermoplastic panel (designated TMTP 2) produced the 
lowest heat release rate of 4.2 kilowatts per meter squared minute 
(kw-min/m2) and an average peak heat release of 65.87 kw/m2. 

Although the materials used in newly built aircraft (and aircraft undergoing a 
substantial refurbishment) are required to have a maximum peak heat release 
not exceeding 65 kw/m2, this thermoplastic panel was considered a material 
which met the new regulation since it only failed marginally. Tests were also 
conducted using panels similar to those currently in service, which displayed 
relatively high average peak heat release and high heat release rates (TMTP 
3 ) .  

The fuselage was outfitted with thermocouple trees, smoke meters, gas sampling 
stations, and video cameras which monitored the conditions inside the cabin 
(figure 10). A description of the instrumentation follows. 

Thermocouple Trees. Three thermocouple trees continuously measured the 
temperature throughout the cabin. The trees were located at 50, 200, and 340 
inches from the forward bulkhead. Each tree consisted of four thermocouple 
probes positioned from 1 to 4 feet above the floor. 

Smoke Meters. A smoke meter (light transmission) station was located 50 
inches from the forward bulkhead. Each station contained two smoke meters 
positioned at 18 inches and 42 inches from the floor level. The smoke meters 
consisted of a collimated light source and a photocell 1 foot apart. 



G a s  Analys is .  A cont inuous gas sampling s t a t i o n  used t o  measure carbon -- 
monoxide, carbon d ioxide ,  and oxygen was loca t ed  50 inches  from t h e  forward 
bulkhead. The s t a t i o n  had an  i n t a k e  pos i t i oned  a t  a he igh t  of 36 inches .  

TEST RESULTS 

The fo l lowing  a n a l y s i s  compares t h e  r e s u l t s  of t h e  tests based on tempera ture  
p r o f i l e s ,  gas  concen t r a t ions ,  and smoke l e v e l s  w i t h i n  t h e  cabin .  I n  o rde r  t o  
determine t h e  e f f e c t  t h e  v a r i o u s  hazards  have on s u r v i v a b i l i t y ,  a  f r a c t i o n a l  
e f f e c t i v e  dose (FED) model was used t o  c a l c u l a t e  t h e  s u r v i v a l  t i m e  a t  a  
forward l o c a t  i o n  w i t  hi11 t h e  cabin .  The r e c e n t l y  developed model u t i l i z e s  t h e  
b e s t  a v a i l a b l e  d a t a  t o  determine t h e  i n c a p a c i t a t i o n  of humans sub jec t ed  t o  
h e a t  and t o x i c  combustion gases .  I t  assumes t h a t  t h e  e f f e c t  of hea t  and each 
t o x i c  gas  on i n c a p a c i t a t i o n  i s  a d d i t i v e .  The model a l s o  assumes t h a t  t h e  
inc reased  r e s p i r a t o r y  r a t e  due t o  e l eva t ed  l e v e l s  of carbon d iox ide  i s  
mani fes ted  by enhanced uptake of o t h e r  gases  ( r e f e r e n c e  4 ) .  

TEMPERATURE PROFILES. 

F igure  11 d i s p l a y s  t h e  range of temperatures  between 3 and 4 f e e t  above f l o o r  
l e v e l  a t  s t a t i o n  50 f o r  t h r e e  s e l e c t e d  t e s t s .  A s  shown, t h e  cab in  a i r  
tempera tures  were h ighes t  dur ing  t h e  t e s t  i n  which i n - s e r v i c e  m a t e r i a l s  were 
used ( t e s t  l o ) ,  s l i g h t l y  lower when us ing  f i r e  blocking and low hea t  r e l e a s e  
pane l s  ( t e s t  5 ) ,  and even lower when us ing  a  water  spray  system w i t h  i n -  
s e r v i c e  m a t e r i a l s  ( t e s t  9 ) .  F igures  12 and 13 show t h e  tempera tures  a t  3  f e e t  
above f l o o r  l e v e l  f o r  e i g h t  of t h e  t e s t s .  I n  a l l  comparisons of l i k e  m a t e r i a l  
combinations, t h e  water  spray  system he ld  t h e  temperatures  s e v e r a l  hundred 
degrees lower than  t h e  i d e n t i c a l  11011-spray t e s t .  The tempera ture  was t h e  
h i g h e s t  a t  t h i s  s t a t i o n  when t h e  i n - s e r v i c e  c e i l i n g / s i d e w a l l  pane l s  (TMTP 3 )  
and 11011-fire blocked s e a t s  were used without  water  spray.  Conversely, t h e  
tempera tures  a t  t h i s  l o c a t i o n  were t h e  lowest when f i r e  blocking was used 
a long  w i t h  t h e  improved f i r e  r e s i s t a n t  t he rmop las t i c  type  c e i l i n g / s i d e w a l l  
pane l  and wa te r  spray  system ( t e s t  8 ) .  Although t h e  the rmop las t i c  pane l  
y i e lded  a  s l i g h t l y  h ighe r  peak hea t  r e l e a s e  than  t h e  honeycomb panel  i n  t h e  
l a b o r a t o r y  tes ts ,  t h e  r a t e  of h e a t  r e l e a s e  of t h e  thermoplas t ic  was a c t u a l l y  
much lower than  t h e  honeycomb. During f u l l - s c a l e  cond i t i ons ,  t h e  
the rmop las t i c  may appear t o  be a t  an  advantage because it simply m e l t s  away 
and f a l l s  t o  t h e  f l o o r  a r e a  where t h e  amount of burning i s  reduced and t h e  
tempera tures  a r e  lower. The honeycomb panels  have a  tendency t o  s t a y  i n  p l a c e  
and burn, u l t i m a t e l y  y i e l d i n g  h ighe r  temperatures  under f u l l - s c a l e  cond i t i ons .  
Although t h e  the rmop las t i c  may appear t o  be a t  an advantage under t h e s e  f u l l -  
s c a l e  c o n d i t i o n s ,  i t  i s  important t o  n o t e  t h a t  dur ing  an a c t u a l  a i r c r a f t  cab in  
f i r e  t h e  me l t i ng  and subsequent f a l l i n g  away of s idewa l l  m a t e r i a l s  exposes 
o t h e r  m a t e r i a l s  such a s  i n s u l a t i o n ,  w i r ing ,  and a i r  duc t ing ,  a l l  of which do 
n o t  meet t h e  low hea t  /smoke requirements .  This  i n  t u r n  could r e s u l t  i n  a  much 
worse cond i t i on .  

GAS ANALYSIS. 

F igures  1 4  and 15 p re sen t  t h e  tox ic  gas l e v e l s  of carbon monoxide ( C O )  a t  
s t a t i o n  50. A s  was t h e  case  w i t h  temperature,  t h e  h ighes t  l e v e l  of CO 
occurred when i n - s e r v i c e  m a t e r i a l s  were used ( t e s t  l o ) ,  s l i g h t l y  lower when 
s e a t  f i r e  b locking  and improved f i r e  r e s i s t a n t  pane ls  were used ( t e s t  5 ) ,  and 



even lower when t h e  m a t e r i a l s  c u r r e n t l y  i n  use were employed i n  conjunct ion  
w i t h  a water  spray  system ( t e s t  9 ) .  Overall., t h e  lowest  l e v e l  of CO w a s  
produced when seat f i r e  blocking and improved f i r e  r e s i s t a n t  pane ls  (bo th  
honeycomb and the rmop las t i c )  were used i n  conjunct ion  w i t h  water  spray  ( t e s t s  
7  and 8 ) .  

I n  f i g u r e  16, t h e  product ion  of C02 a t  s t a t i o n  50 (3  f o o t  l e v e l )  i s  d isp layed  
f o r  e i g h t  of t h e  tests. A s  shown, t h e  l e v e l s  a r e  h i g h e s t  dur ing  t e s t s  4 ,  5 ,  
6 ,  and 10, (non-water spray  t e s t s )  and lowest  dur ing  t e s t s  3 ,  7 ,  8 ,  and 9 ,  
(water  spray  t e s t s ) .  Not s u r p r i s i n g l y ,  t h e  h ighes t  l e v e l  of C02  occurred when 
c u r r e n t  m a t e r i a l s  were used and lowest when s e a t  f i r e  blocking and low hea t  
r e l e a s e  the rmop las t i c  pane ls  were used i n  conjunct ion  w i t h  a  water  spray  
system. 

The d e p l e t i o n  of oxygen w i t h i n  t h e  cab in  p a r a l l e l s  t h e  product ion  of CO and 
C02 f o r  a l l  tests i n  a  n e a r l y  i d e n t i c a l  manner ( f i g u r e  17 ) .  A s  i n d i c a t e d  i n  
f i g u r e  17, t h e  Lowest amount: of oxygen d e p l e t i o n  occurred dur ing  t e s t s  7  and 
8,  bo th  of which u t i l i z e d  water  spray and improved f i r e  r e s i s t a n t  m a t e r i a l s ,  
i nc lud ing  seat: f i r e  blocking.  

SMOKE LEVELS. 

F igure  18 shows a comparison of t h e  smoke l e v e l  a t  s t a t i o n  50 a t  a  he igh t  of 3 
f e e t  6  inches  f o r  f o u r  tests: two w i t h  advanced m a t e r i a l s  and no wa te r  spray  
( tes ts  4 and 5 )  and two w i t h  water  spray ( t e s t s  8 and 9 ) .  A s  shown, t h e  least:  
amount of l i g h t  t r ansmis s ion  (poores t  v i s i b i l i t y )  occurred dur ing  t h e  t w a  
t e s t s  i n  which no water  was sprayed,  even though f i r e  blocking and low 
heatlsmoke r e l e a s e  panels  were used. The g r e a t e s t  amount of l i g h t  
t r ansmis s ion  occurred dur ing  t h e  t e s t  i n  which advanced m a t e r i a l s  were used i n  
conjunct ion  w i t h  a  water  spray  system. Even w i t h  m a t e r i a l s  s i m i h r  t o  t hose  
c u r r e n t l y  i n  s e r v i c e ,  t h e  l i g h t  t ransmiss ion  was g r e a t e r  than  dur ing  e i t h e r  of 
t h e  two non-spray t e s t s  w i t h  improved f i r e  r e s i s t a n t  m a t e r i a l s .  

FRACTIONAL EFFECTIVE DOSE. 

F igures  19 and 20 show t h e  s u r v i v a b i l i t y  i n  t h e  forward cab in  ( s t a t i o n  50)  a s  
c a l c u l a t e d  by t h e  f r a c t i o n a l  e f f e c t i v e  dose (FED) model. I n  f i g u r e  19, a  
comparison i s  made between t e s t s  which used m a t e r i a l s  c u r r e n t l y  i n - s e r v i c e  
( t e s t  l o ) ,  improved f i r e  r e s i s t a n t  m a t e r i a l s  ( t e s t  5 ) ,  and t h e  use  of wa te r  
spray  w i t h  c u r r e n t l y  i n - se rv i ce  m a t e r i a l s  ( t e s t  9 ) .  A s  shown, nonsurv ivable  
cond i t i ons  were reached dur ing  test  10 i n  99 seconds. The use  of s e a t  f i r e  
blocking and improved f i r e  r e s i s t a n t  pane ls  provided an a d d i t i o n a l  74  seconds 
( ~ o t a l l i n g  173 seconds)  be fo re  nonsurvivable  cond i t i ons  were reached,  and t h e  
use  of water  spray  (wi th  c u r r e n t l y  i n - s e r v i c e  m a t e r i a l s )  provided 274 seconds 
of s u r v i v a b i l i t y ,  an  a d d i t i o n a l  175 seconds compared t o  t h e  test: u t i l i z i n g  i n -  
s e r v i c e  m a t e r i a l s .  This  comparison i l l u s t r a t e s  t h e  s u p e r i o r i t y  of a  cab in  
water  spray  system a t  provid ing  t h e  g r e a t e s t  i n c r e a s e  i n  s u r v i v a b i l i t y  i n  
comparison t o  m a t e r i a l  f i r e  hardening. 

The g r e a t e s t  s u r v i v a b i l i t y  was achieved by us ing  m a t e r i a l  f i r e  hardening (low 
h e a t  r e l e a s e  pane l s  and s e a t  f i r e  blocking)  combined w i t h  a  cab in  wa te r  spray  
system t o  y i e l d  358 seconds of su rv ivab le  cond i t i ons .  



It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h e  r e l a t i v e l y  s h o r t  d u r a t i o n  of s u r v i v a b i l i t y  
i n  t h i s  s i z e  fu se l age  under b a s e l i n e  cond i t i ons  (99 seconds) .  During t h i s  
t e s t ,  a  4- by 5-foot  e x t e r n a l  f u e l  f i r e  was r equ i r ed  t o  burn through aluminum 
s k i n  i n  which a  small  (20- by 26-inch) i n i t : i a l  breach was c u t .  I n  c o n t r a s t ,  
2  13 seconds were r equ i r ed  t o  reach  nonsurvivable  cond i t i ons  dur ing  a  b a s e l i n e  
t e s t  i n  a  wide-body fuse l age  i n  which an 8- by 10-foot f u e l  pan was used 
a d j a c e n t  t o  a 40- by 80-inch fuse l age  opening ( r e f e r e n c e  3 ) .  This  i n d i c a t e s  
t h a t  t h e  cab in  of a  smal l  commuter o r  smal l  t r a n s p o r t  becomes nonsurv ivable  
much more qu ick ly  than  t h e  cab in  of a  l a r g e  t r a n s p o r t .  

SUMMARY OF RESULTS 

I n  summary, t h e  a i r  temperatures  throughout t h e  cab in  were t h e  lowest  when 
us ing  t h e  water  spray  system. I n  f a c t ,  t h e  tempera tures  s u s t a i n e d  dur ing  
t e s t s  i n  which i n - s e r v i c e  type  m a t e r i a l s  and water  spray  were used were much 
lower than  dur ing  t e s t s  w i t h  improved m a t e r i a l s  a lone  ( i . e .  low h e a t  r e l e a s e  
pane l s  and s e a t  f i r e  b locking) .  A s  shown i n  previous  t e s t s ,  t h e  wa te r  spray  
lowers  t h e  cab in  temperatures  by c o n t r o l l i n g  t h e  burning r a t e  of m a t e r i a l s  and 
by coo l ing  t h e  l a y e r  of smoke and gases .  The water  spray  was a l s o  most 
e f f e c t i v e  a t  reducing t h e  l e v e l s  of CO and C02 and decreas ing  t h e  amount of 
oxygen d e p l e t i o n  w i t h i n  t h e  cabin .  A s  was t h e  case  w i t h  tempera ture ,  t h e  
product ion  of CO and C02  dur ing  water  spray t e s t s  was lower than  dur ing  any of 
t h e  nonspray t e s t s ,  r e g a r d l e s s  of t h e  m a t e r i a l s  used. 

The same he ld  t r u e  f o r  t h e  l e v e l  of l i g h t  t r ansmis s ion ,  and hence v i s i b i l i t y ,  
w i t h i n  t h e  cabin .  V i s i b i l i t y  was improved by t h e  wa te r  spray  system and 
lowest  dur ing  nonspray t e s t s .  The water  spray  a l s o  provided g r e a t e r  
v i s i b i l i t y  dur ing  t h e  t e s t  i n  which in - se rv i ce  m a t e r i a l s  were used than  w i t h  
e i t h e r  of t h e  nonspray t e s t s  w i t h  advanced m a t e r i a l s .  

I n  gene ra l ,  t h e r e  were measurable i nc reases  i n  s u r v i v a b i l i t y  by us ing  t h e  low 
h e a t  r e l e a s e  pane l s  and s e a t  f i r e  blocking.  There was a l s o  a  marked i n c r e a s e  
i n  s u r v i v a b i l i t y  when t h e  the rmop las t i c  pane ls  were used v e r s u s  t h e  honeycomb 
type  pane l s .  A s  mentioned p rev ious ly ,  t h e  thermoplas t ic  pane l s  have a  
tendency t o  mel t  and f a l l  t o  t h e  cab in  f l o o r  wh i l e  t h e  honeycomb pane l s  s t a y  
i n  p l a c e  and burn r e s u l t i n g  i n  more gas product ion,  h ighe r  cab in  tempera tures ,  
and u l t i m a t e l y  l e s s  s u r v i v a l  t ime. 

CONCLUSIONS 

As shown dur ing  t h i s  s e r i e s  of t e s t s  run  i n  t h e  commuter t y p e  f u s e l a g e ,  t h e  
use  of a cab in  wa te r  spray  system has t h e  a b i l i t y  t o  y i e l d  t h e  l a r g e s t  
i n c r e a s e  i n  s u r v i v a l  t i m e ,  su rpas s ing  t h e  performance of any of t h e  m a t e r i a l  
f i r e  hardening improvements. 

By us ing  t h e  f r a c t i o n a l  e f f e c t i v e  dose model t o  c a l c u l a t e  s u r v i v a b i l i t y ,  i t  
was determined t h a t  t h e  cond i t i ons  w i t h i n  t h e  Met ro l ine r  fu se l age  became non- 
s u r v i v a b l e  i n  99 seconds when us ing  m a t e r i a l s  s i m i l a r  t o  t h o s e  which a r e  
c u r r e n t l y  i n  s e r v i c e .  By us ing  an i d e n t i c a l  m a t e r i a l  combination i n  
conjunct ion  w i t h  a  wa te r  spray  system, an a d d i t i o n a l  175 seconds of s u r v i v a l  
t i m e  was achieved f o r  a  t o t a l  of 274 seconds of p r o t e c t i o n .  A comparison of 
t h e  o t h e r  t h r e e  combiriations of m a t e r i a l s  w i t h  and wi thout  wa te r  spray  y i e lded  



similar results: an average improvement of 175 seconds of escape time (table 
2). Since the zoned spray system required only 5 gallons of water, this 
calculated to 35 additional seconds of escape time gained per gallon of water 
sprayed. The survival increase achieved by using improved fire resistant 
materials such as low heatlsmoke release panels and seat fire blocking was not 
as significant; an additional 74 seconds of survival time was realized, 
totaling 173 seconds of protection. 

The results indicate that it is quite feasible to develop a lightweight and 
simp1ist:i.c zoned water spray system to extend occupant survivability in 
commuter sized a:i.rcraft. This type of system could be used in lieu of the use 
of improved fire resistant cabin materials (such as those currently required 
on transports) or in conjunction with these materials for maximum safety. 
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TEST # SEATS - 
FB 

FB 

NFB 

FB 

FB 

NFB 

FB 

FB 

NFB 

NFB 

FB 

FB 

CEILING1 
SIDEWALL 

PANELS 

TMTP1 

TMTP2 

TMTP2 

TMTP1 

TMTP2 

TMTP2 

TMTP1 

TMTP2 

TMTP3 

TMTP3 

TMTP1 

TMTP1 

WATER 
SPRAY 

YES 

YES 

YES 

NO 

NO 

NO 

YES 

YES 

YES 

NO 

NO 

NO 

FED CALCULATION 
@ STA 50, 3' (SEC) COMMENTS 

---------- TEST OMITTED FROM ANALYSIS------- 

--------- TEST OMITTED FROM ANALYSIS--------- 

296.4 DETERMINE IMPROVEMENT WHEN USING 
UPGRADED PANELS AND WATER SPRAY SYSTEM 

DETERMINE PERFORMANCE OF UPGRADED 

172.9 MATERIALS 

DETERMINE PERFORMANCE IMPROVEMENT 
WHEN USING UPGRADED PANELS 

303.6 3 DETERMINE PERFORMANCE OF UPGRADED 

358.1 MATERIALS AND CABIN WATER SPRAY 

274.3 DETERMINE PERFORMANCE OF MATERIALS CURRENTLY 
IN SERVICE AND CABIN WATER SPRAY SYSTEM 

99.3 DETERMINE PERFORMANCE OF MATERIALS 
CURRENTLY IN SERVICE 

132.1 UPPER HALF OF FORWARD EXIT DOOR 
COVERED 

140.7 CHANNEL TYPE FLOOR USED 

FB _ _ _ _ _ _ - _ _ _ - - -  Fire Blocking Used 
NFB - - - - - - _ _ - - - -  No Fire Blocking 
TMTP1 - - - - - - - - - -  Phenolic Fiberglass Honeycomb Panel 
TMTP2 _ - _ - - _ - _ -  Thermoplastic Panel 
TMTP3 - _ - _ - - - - -  Phenolic Kevlar Honeycomb Panel 

TABLE 1. SUMMARY OF TESTS 





MATERIAL COMBINATION 

TIME @ FED = 1 (SEC) 

WITHOUT WATER WITH WATER INCREASE 

TEST 3 VS. 6 127.9 296.4 168.5 
IMPROVED FlRE RESISTANT THERMOPLASTIC 
PANEL (TMTP 2), NON FlRE BLOCKED SEATS 

TEST 4 VS. 7 

IMPROVED FlRE RESISTANT HONEYCOMB 
PANEL (TMTPI), FIRE BLOCKED SEATS 

TEST 5 VS. 8 

IMPROVED FlRE RESISTANT THERMOPLASTIC 
PANEL (TMTP 2), FlRE BLOCKED SEATS 

TEST 9 VS. 10 

CURRENTLY IN SERVICE HONEYCOMB PANEL 
(TMTPB), NON FlRE BLOCKED SEATS 

AVERAGE 

TABLE 2. WATER SPRAY VS. NON WATER SPRAY 
TEST COMPAaISON 










