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EXECUTlVE SUMMARY 

A s a f e t y  improvement beyond t h e  f i r e  hardening of cab in  i n t e r i o r  m a t e r i a l s  can 
be achieved by us ing  a  low flow rate onboard cab in  water  spray  system (CWSS). 
O r i g i n a l l y  developed by SAVE (Sa fe ty  A i r c r a f t  and Vehicles  Equipment) Ltd. ,  
t h e  system c o n s i s t s  of an a r r a y  of nozz les  l oca t ed  throughout t h e  cabin ,  
f i l l i n g  t h e  e n t i r e  volume w i t h  a  f i n e  mis t .  Although t h e  system can o f f e r  an 
a d d i t i o n a l  2 minutes of escape t i m e  i n  t y p i c a l  pos t c ra sh  f i r e  s cena r ios ,  t h e  
i n i t i a l  des ign  added a  s i g n i f i c a n t  amount of weight .  I n  an  e f f o r t  t o  c u r t a i l  
t h e  weJght pena l ty ,  a  s tudy  was undertaken t o  t e s t  and develop a  zoned system 
which could provide  a  l e v e l  of p r o t e c t i o n  equ iva l en t  t o ,  o r  b e t t e r  than ,  t h e  
l e v e l  of p r o t e c t i o n  o f f e red  by t h e  SAVE CWSS by us ing  l e s s  water  and, hence, 
l e s s  weight .  

Nine tests were conducted i n  a  modified DC-10 fuse l age  t o  i n v e s t i g a t e  t h e  
performance of a n  optimized, zoned CWSS by vary ing  t h e  o r i e n t a t i o n  of t h e  
nozz les ,  t h e  temperature of secondary zone a c t i v a t i o n ,  t h e  flow r a t e ,  and t h e  
q u a n t i t y  of water  used. Previous t e s t s  had shown t h a t  t h e  b e s t  method of 
maximizing t h e  e f f e c t i v e n e s s  of t h e  water  was t o  d i v i d e  t h e  CWSS i n t o  zones, 
w i t h  a c t i v a t i o n  of d i scharge  w i t h i n  each zone based on zone temperature,  
thereby  d i scha rg ing  water  only i n  t h e  immediate v i c i n i t y  of t h e  f i r e  o r i g i n  
and a r e a  of f i r e  spread.  By e l imina t ing  t h e  amount of wasted spray  i n  remote 
a r e a s  of t h e  cabin ,  more e f f i c i e n t  use  of t h e  water  spray  i s  f a c i l i t a t e d .  A 
secondary b e n e f i t  of a  zoned CWSS i s  t h a t  i t  al lows t h e  l a y e r  of smoke and 
gases  t o  " r e s t r a t i f y "  i n  t h e  more remote a r e a s  of t h e  cabin ,  reducing t h e  
exposure t o  combustive products  of passengers  a t tempt ing  t o  deplane i n  t h e  
event  of an  emergency. This  was confirmed dur ing  op t imiza t ion  t e s t s  conducted 
i n  t h e  narrow-body 707 fuse l age .  

During t h e  f i r s t  s e t  of t e s t s  i n  t h e  wide-body DC-10, t h e  optimized spray  
system c o n s i s t e d  of seven zones which could be i n d i v i d u a l l y  a c t i v a t e d  when t h e  
temperature reached a predetermined va lue  of 300 O F ,  a s  measured by a  c e i l i n g  
mounted thermocouple i n  t h e  c e n t e r  of each zone. Because of t h e  l a r g e  
fuse l age  d iameters  a s s o c i a t e d  w i t h  wide-bodied a i r c r a f t ,  i t  was be l ieved  t h a t  
even more e f f e c t i v e  use  of t h e  water  spray could be achieved by d iv id ing  t h e  
zones i n  h a l f ,  thereby  al lowing f o r  t h e  a c t i v a t i o n  of wa te r  spray  i n  only  one 
s i d e  ( h a l f )  of t h e  fuse lage .  Both spray conf igu ra t ions  showed t h a t  a  sma l l  
q u a n t i t y  of water  was ve ry  e f f e c t i v e  i n  safeguarding a g a i n s t  t h e  e f f e c t s  of an  
e x t e r n a l  f u e l  f i r e .  A s  much a s  89 seconds of a d d i t i o n a l  escape t ime could be 
obta ined  by us ing  only 21 g a l l o n s  of water .  



INTRODUCTION 

PURPOSE. 

The purpose of this report is to present the results of nine full-scale fire 
tests in a wide-body test article which utilized a cabin water spray system 
for the suppression of a postcrash aircraft fuel fire. The tesrs investigated 
the ability of two types of optimized spraying systems, each comprised of a 
series of spray zones with independent discharge activation within each zone 
based on zone temperature, at providing a level of protection equivalent to or 
better than a full cabin spray system, using a fraction of the water. 

BACKGROUND. 

The onboard cabin water spray program is comprised of several phases aimed at 
developing a safe and effective system for installation in a commercial 
transport aircraft (reference 1). Initial full-scale effectiveness tests were 
performed using the Safety Aircraft and Vehicles Equipment: (SAVE), Limited, 
cabin water spray system. Although the SAVE system was found to offer an 
additional 2 minutes of escape time in both the narrow-body and wide-body 
fuselages under some fire scenarios, it was designed to spray water throughout 
the entire cabin and overhead for 3 minutes. This required 72 gallons of 
water in a typical narrowbody configuration and 195 gallons in the wide-body, 
which constituted a substantial weight penalty. Subsequent tests showed that 
the removal of the water spray from the cabin overhead area resulted in no 
significant reduction in the additional escape time offered by the system and 
reduced the stored water requirement by 8.6 percent (reference 2). Other 
tests showed the effectiveness of spraying water only in the cabin areas 
involved in fire, thereby further reducing the amount of water required 
(reference 3). Concurrent to these initial tests, a study was undertaken to 
address the various service considerations or "disbenefits" associated with an 
onboard water spray system. The results of these initial studies were 
factored into a benefit analysis to determine the potential for lives saved. 
Because the potential benefits of the system prevail over the disbenefits, a 
series of optimization tests were conducted in a narrowbody test fuselage to 
develop a system which would provide a level of protection equivalen~ to or 
better than the full spray system using a fraction of the water. The approach 
taken, as suggested by earlier test results, was to divide the full spray 
system into zones and spray water only where there was a fire or high 
temperatures, or "localizing" the spray, thereby enabling more effective use 
of the water. The zoning concept has been tested in the 707 narrow-body 
fuselage with favorable results; as much as 1.59 seconds of additional time 
available for escape can be achieved by using only 8 gallons of water 
(reference 4). 

DISCIJSSION 

TEST DESCRIPTION. 

Nine tests were conducted in a fully fire hardened DC-10 fuselage, which 
represented a typical wide-body, double aisle aircraft cabin. All tests 
employed a moderate amount of cabin interior materials in the vicinity of the 
fire door, consisting of five rows of fire blocked seats, honeycomb-type flat 



i n t e r i o r  pane l s  used i n  t h e  s idewa l l ,  c e i l i n g ,  and s t o r a g e  b i n  a r e a s ,  and 
c a r p e t  ( f i g u r e  1 ) .  A l l  tests  u t i l i z e d  a  s tandard  8- by 10-foot f u e l  pan 
ad jacent  t o  a  type  A door opening, w i t h  55 g a l l o n s  of JP-4 f u e l  used t o  c r e a t e  
t h e  pan f i r e .  The f i r e  was drawn i n t o  t h e  fuse l age  by an  exhaust f a n  mounted 
i n  t h e  forward bulkhead, s imula t ing  a  wind induced cab in  d r a f t .  

Of t h e  9 t e s t s  conducted, 3  u t i l i z e d  t h e  zoned system i n  which 21 g a l l o n s  of 
water  were sprayed; 1  t e s t  u t i l i z e d  30 g a l l o n s  of water .  The zoned 
arrangement cons i s t ed  of seven zones w i t h  12 nozz les  i n  each zone ( f i g u r e  2 ) .  
The zones were 8 f e e t  i n  cabin  l e n g t h  and included s i x  spray  nozz le s  mounted 
a t  t h e  cab in  per iphery  i n  each of t h e  two boundary p l anes ,  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  
was mounted perpendicular  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 lane  ( f i g u r e  3 ) .  An a d d i t i o n a l  3  t e s t s  were run  us ing  21 
g a l l o n s  of water  under a  d i f f e r e n t  nozzle  con f igu ra t ion  i n  which t h e  zone s i z e  
was reduced t o  h a l f  t h e  o r i g i n a l  width,  f o r  a t o t a l  of LO zones ( f i g u r e  4 ) .  

A f t e r  an i n i t i a l  llshakedown" t e s t  i n  which t h e  instrumentat ior l  and wind 
cond i t i ons  were inspec ted  ( t e s t  l ) ,  a  t e s t  was run without  i r l t roducing water  
spray  i n t o  t h e  cab in  i n  o rde r  t o  e s t a b l i s h  "base l ine"  d a t a  ( t e s t  2 ) .  
Following t h i s ,  t e s t s  were conducted us ing  21 ga l lons  and 30 g a l l o n s  of wa te r ,  
r e s p e c t i v e l y ,  ( t e s t s  3  and 4)  a t  a  nozz le  flow r a t e  of 0.23 g a l l o n s  pe r  minute 
(GPM). The next  two t e s t s  used 21 ga l lons  of water  a t  a  nozz le  flow r a t e  of 
0.35 GPM and 0.50 GPM, r e s p e c t i v e l y  ( t e s t s  5 and 6 ) .  Add i t i ona l ly ,  t h r e e  
t e s t s  were conducted us ing  21 ga l lons  of water  at a  nozz le  f l o w r a t e  of 0.35 
GPM, but  t h e  nozz les  were arranged i n  zones h a l f  t h e  width of t h e  previous  
tests, e s s e n t i a l l y  al lowing f o r  spray  a c t i v a t i o n  on e i t h e r  s i d e  of t h e  
fuse l age .  S ince  t h e  wid th  of t h e  DC-10 cab in  was approximately 20 f e e t ,  it 
was be l i eved  t h a t  t h e  zone s i z e  could be reduced i n  o rde r  t o  f u r t h e r  decrease  
t h e  amount of water  spray r equ i r ed .  During t h e  f i r s t  of t h e  t h r e e  ha l f -zone  
t e s t s ,  zones were a c t i v a t e d  when t h e  temperature reached 300 OF a s  i n  prev ious  
t e s t s  ( t e s t  7 ) .  I n  an  e f f o r t  t o  f u r t h e r  c u r t a i l  water  usage dur ing  t h e  second 
t e s t  ( t e s t  8 ) ,  t h e  f i r s t  zone was a c t i v a t e d  at 300 OF, but  t h e  remaining zones 
( seconda r i e s )  were not  a c t i v a t e d  u n t i l  t h e  temperature reached 400 OF. 
S i m i l a r l y ,  dur ing  t h e  t h i r d  t e s t  i n  t h i s  s e r i e s  ( t e s t  9 ) ,  t h e  i n i t i a l  zone was 
a c t i v a t e d  a t  300 OF and t h e  remaining zones were no t  a c t i v a t e d  u n t i l  a 
tempera ture  of 500 OF was reached. Table 1 summarizes t h e  n ine  t e s t s  
conducted. 

The fuse l age  was o u t f i t t e d  w i t h  thermocouple t r e e s ,  smoke meters ,  
c a l o r i m e t e r s ,  gas  sampling s t a t i o n s  and v ideo  cameras which monitored t h e  
cond i t i ons  i n s i d e  t h e  cabin .  Add i t iona l ly ,  s p e c i a l  sample tubes  were p laced  
a t  two l o c a t i o n s  which measured t h e  amount of water  vapor  ( f i g u r e  5 ) .  A 
d e s c r i p t i o n  of t h e  in s t rumen ta t ion  fol lows.  

THERMOCOUPLE TREE. 

E igh t  thermocouple t r e e s  cont inuously measured t h e  temperature throughout  t h e  
cabin .  The t r e e s  were loca t ed  a t  80, 220, 400, 580, 750, 940 ( t y p e  A door 
opening) ,  1170, and 1420 inches  from t h e  forward bulkhead. Each t r e e  
cons i s t ed  of e i g h t  thermocouple probes pos i t i oned  from 1 f o o t  above t h e  f l o o r  
t o  e i g h t  f e e t  above t h e  f l o o r .  The 8-foot l o c a t i o n  was approximately c e i l i n g  
l e v e l .  





SMOKE METERS. 

Smoke meter  ( l i g h t  t r ansmis s ion )  s t a t i o n s  were loca t ed  at  80, 340, 580, and 
1280 inches  from t h e  forward bulkhead. Each s t a t i o n  conta ined  t h r e e  smoke 
meters  pos i t i oned  a t  18, 42, and 66 inches from t h e  f l o o r  l e v e l .  The smoke 
meters  cons i s t ed  of a  co l l imated  l i g h t  source and pho toce l l  s epa ra t ed  by 1 
f o o t .  

GAS ANALYSIS. -- 

Conthuous  gas sampling s t a t i o n s  used t o  measure carbon monoxide, carbon 
d ioxide ,  and oxygen were loca t ed  a t  80 and 580 inches from t h e  forward 
bulkhead. Each s t a t i o n  had i n t a k e s  a t  42 and 66 inches  from t h e  f l o o r .  

CALORIMETERS. 

Calor imeters  were used t o  measure t h e  hea t  f l u x  at fou r  l o c a t i o n s :  80, 580, 
940, and 1280 inches .  The t r ansduce r s  were a l l  mounted a t  a  he igh t  of 42 
inches  along t h e  fuse l age  c e n t e r l i n e .  A t  s t a t i o n s  80 and 580 t h e  t r ansduce r s  
were f ac ing  a f t ;  a t  s t a t i o n  1280, t h e  t ransducer  was f ac ing  forward. The 
t r ansduce r  l oca t ed  at  s t a t i o n  940 was f ac ing  d i r e c t l y  toward t h e  f i r e  door.  

WATER VAPOR ANALYSIS. 

Spec ia l i zed  c o l l e c t i o n  tubes  were used t o  c o l l e c t  water  vapor  samples dur ing  
t h e  tests. Twelve c o l l e c t i o n  tubes  were mounted h o r i z o n t a l l y  through t h e  
f r o n t  f a c e  of a  sample box conta in ing  an  ice-water  ba th ,  w i t h  two of t h e  
twelve c o l l e c t i o n  tubes  s e rv ing  as c o n t r o l s .  An i n t e r n a l  f i l t e r  was 
pos i t i oned  w i t h i n  each tube  f a r  enough from t h e  ice-water  b a t h  t o  prevent  
condensat ion of water  i n  t h e  f i l t e r .  The i n t e r i o r  ends of t h e  t e n  sample 
tubes  were a t t ached  t o  s e p a r a t e  c a l i b r a t e d  vacuum l i n e s  which passed through 
t h e  bottom of t h e  sample box and l e d  t o  an a r r a y  of t e n  so lenoid  va lves .  The 
l i n e s  j o i n  downstream of t h e  so lenoid  va lves  and l e a d  t o  a ro tameter  which i s  
connected t o  a  vacuum pump. The so lenoid  va lves  a r e  au toma t i ca l ly  c o n t r o l l e d  
such t h a t  samples a r e  s e q u e n t i a l l y  drawn f o r  30 seconds each dur ing  t h e  5- 
minute t e s t .  Two sampling s t a t i o n s  were used dur ing  t h e  t e s t s ,  one l o c a t e d  a t  
s t a t i o n  80 a t  a  he igh t  of 5 f e e t  6  inches ,  and another  a t  s t a t i o n  580 a t  a  
he ight  of 3  f e e t  6  inches .  A d e t a i l e d  d e s c r i p t i o n  of t h e  method of c o l l e c t i o n  
and a n a l y s i s  can be found i n  r e f e rence  5. 

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  t e s t s  based on temperature 
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 ime a t  two 
forward l o c a t i o n s  w i t h i n  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 .  It assumes t h a t  t h e  e f f e c t  of h e a 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  
increased  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 ioxide  i s  
manifested by enhanced uptake of o t h e r  gases  ( r e f e rence  6 ) .  



In addition, the increase in survival time offered by using the zoned water 
spray arrangement is compared on the basis of quantity of water used to 
determine which combination offers the greatest improvement in survivability 
per gallon of water sprayed. 

TEMPERATURE PROFILES. 

Figure 6 shows the temperature at 4 feet above floor level at station 80. As 
indicated, there is a significant reduction in cabin air temperature during 
the various flow rate zoned water spray tests in comparison to the baseline 
test, but there is minimal temperature difference among the three water spray 
tests at this location. Similarly at station 400, the temperatures are nearly 
interchangeable at both the 3 and 5 foot levels for the 0.23, 0.35, and 0.50 
gallon per mimute (GPM) nozzle flow rate zoned tests (figure 7). A test was 
conducted using 30 gallons of water at the 0.23 nozzle flow rate to determine 
the benefits of a marginal increase in water spray discharge. As shown in 
figure 8, the additional 9 gallons of water spray yields somewhat lower 
temperatures at the 4 foot level at stations 220 and 750. 

Due to the considerable fuselage width of wide-body transport aircraft, it was 
believed that a considerable water savings could be recognized by dividing the 
spraying zones in half, thereby enabling more effective application of the 
limited water supply. As mentioned previously, three additional tests 
(7,8,and 9) were conducted under this spray configuration, all of which used 
an identical nozzle flow rate of 0.35 GPM. This nozzle type provided the 
optimal nozzle flow rate in the narrow-body test article (reference 4). As 
shown in figure 9, of the three half zone tests, the temperatures were lowest 
when the initial spray zone was activated at 300 OF and the remaining zones 
were not activated until 500 OF was reached (test 9). 

GAS ANALYSIS. 

Figures 10 through 18 represent the gas levels of carbon monoxide (CO), carbon 
dioxide (C02), and oxygen (02) at two forward locations within the cabin. 
Figures 10 and 11 show the CO concentration between 3 feet 6 inches and 5 feet 
6 inches above floor level at station 580 for the 0.35 and 0.50 GPM flow rate 
full-zoned tests, respectively. Both figures display the concentration of CO 
during the baseline test at this location for comparison. Figure 12 displays 
the CO concentrations of these two tests (0.35 and 0.50 GPM flow rate zoned) 
along side one another. As shown, the level of CO was marginally lower during 
the 0.35 gpm test, supporting results obtained during the narrow-body 
optimization tests in which this nozzle flow rate consistently yielded the 
lowest levels of CO. One reason for this is the duration of water spray; the 
0.35 GPM flow rate nozzles sprayed for approximately 20 seconds longer than 
the 0.50 GPM nozzles during the full-zoned tests, and thereby controlled the 
ignition of materials and production of combustion gases more effectively. 
Figure 13 displays the levels of CO at the most forward cabin location 
(station 80, between 3 feet 6 inches and 5 feet 6 inches above the floor) for 
the baseline test and two half-zone tests. Of the two half-zone tests, (both 
of which utilize a nozzle flow rate of 0.35 GPM), the test in which the 
secondary zones are not activated until the temperatures reach 500 OF 
ultimately yields a lower level of CO. This can again be attributed to the 
duration of the water spray; although the two tests utilize identical spray 



p a t t e r n s ,  nozz l e  flow r a t e ,  and water  q u a n t i t y ,  t h e  de lay  i n  a c t i v a t i o n  of t h e  
secondary zones dur ing  t e s t  9  provides  an  a d d i t i o n a l  30 seconds of sp ray  
du ra t ion ,  thereby  y i e l d i n g  s l i g h t l y  lower gas concen t r a t ions .  This  comparison 
was a l s o  made f o r  t e s t s  8  and 9 ( f i g u r e  14) .  Again, de lay ing  water  spray  
a c t i v a t i o n  produced a  s l i g h t  lowering i n  t h e  CO concen t r a t ions .  As shown i n  
f i g u r e  15, t h e  l e v e l  of C02 between 3 f e e t  6 inches  and 5 f e e t  6  i nches  was 
reduced cons iderably  dur ing  t h e  0.35 GPM zoned t e s t .  F igure  16 d i s p l a y s  t h e  
l e v e l s  of C02 a t  a  he ight  of 5  f e e t  6 inches  dur ing  t h e  two f u l l -  zone t e s t s ,  
t h r e e  half-zone tests,  and b a s e l i n e  t e s t .  A s  i nd ica t ed ,  t h e  lowest  l e v e l s  
occurred dur ing  t h e  0.35 GPM f lowra te  fu l l - zone  test  and t h e  half-zone t e s t  i n  
which secondary zones were a c t i v a t e d  a t  500 OF. A s  was t h e  c a s e  w i t h  t h e  CO 
product ion ,  t h e  h igher  flow r a t e  ful l -zoned t e s t  ( t e s t  6 )  generated s l i g h t l y  
lower l e v e l s  of C02 i n  t h e  e a r l y  p a r t  of t h e  t e s t ,  but due t o  t h e  s h o r t e r  
spray  d u r a t i o n  allowed t h e  gas concen t r a t ion  t o  climb h igher  than  t h e  0.35 GPM 
flow r a t e  fu l l -zoned  t e s t  a f t e r  2  minutes and 30 seconds. 

The d e p l e t i o n  of oxygen w i t h i n  t h e  cabin  p a r a l l e l s  t h e  product ion  of CO and 
C02 f o r  a l l  t e s t s  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 s  17 and 18 ) .  A s  
i n d i c a t e d  i n  f i g u r e  18, t h e  l e a s t  amount of oxygen d e p l e t i o n  occurred  dur ing  
t e s t s  5  and 9,  a s  expected. 

SMOKE LEVELS. 

F igures  19, 20, and 21 compare t h e  l e v e l s  of l i g h t  t ransmiss ion  between t h e  
b a s e l i n e  t e s t  and t e s t s  5 ,  7 ,  and 9,  r e s p e c t i v e l y ,  between a  h e i g h t  of 1 f o o t  
6 inches  and 3 f e e t  6 inches above f l o o r  l e v e l  at s t a t i o n  340. A s  i n d i c a t e d ,  
a l l  t h r e e  of t h e s e  t e s t s  o f f e r  a  s i g n i f i c a n t  i n c r e a s e  i n  l i g h t  t r ansmis s ion  
(and hence, v i s i b i l i t y )  over t h e  b a s e l i n e  t e s t .  F igure  22 d i s p l a y s  t h e  
percentage  of l i g h t  t ransmiss ion  f o r  s e v e r a l  of t h e  t e s t s  a t  a  he igh t  of 1 
f o o t  6  inches  a t  s t a t i o n  340. Of a l l  t h e  t e s t s ,  t h e  l i g h t  t r ansmis s ion  i s  
h ighes t  dur ing  t h e  half-zone t e s t  ( t e s t  9 )  from t h e  beginning u n t i l  3 minutes  
and 30 seconds i n t o  t h e  t e s t .  From t h i s  po in t  on, t h e  l i g h t  t r ansmis s ion  i s  
t h e  g r e a t e s t  dur ing  t h e  fu l l -zone  t e s t  u s ing  a  nozz le  flow r a t e  of 0.35 GPM 
( t e s t  5 ) .  The l i g h t  t ransmiss ion  dur ing  t e s t  6  was only s l i g h t l y  lower than  
t e s t  9  from t h e  beginning u n t i l  3  minutes and 30 seconds, and was only 
s l i g h t l y  lower than  t e s t  5  from t h i s  p o i n t  u n t i l  t e s t  t e rmina t ion .  (During 
op t imiza t ion  t e s t s  conducted i n  t h e  narrowbody, t h e r e  was a  d i r e c t  c o r r e l a t i o n  
between t h e  d u r a t i o n  of spray  and l i g h t  t ransmiss ion ,  w i t h  t h e  most l i g h t  
t r ansmis s ion  r e s u l t i n g  from t h e  s h o r t e s t  d u r a t i o n  of spray;  t h i s  occurred  when 
a  0.50 GPM flow r a t e  nozz le  was used w i t h  8 ga l lons  of w a t e r ) .  Although t e s t  
6 d id  no t  produce t h e  h ighes t  ins tan taneous  level .  of l i g h t  t r ansmis s ion ,  the 
average was l i k e l y  t o  be t h e  h ighes t  of a l l  t h e  t e s t s .  

WATER VAPOR CONCENTRATIONS. 

Water vapor  was measured a t  s t a t i o n  80, 5  f e e t  6 inches from t h e  f l o o r  and a t  
s t a t i o n  580 a t  3  f e e t  6 inches above t h e  f l o o r  f o r  tests 2 through 8.  Water 
vapor  concenta t ions  were repor ted  a s  volume percent  water  vapor  i n  a i r  (volume 
water/volume of mix tu re ) .  F igures  23 and 24 r ep resen t  t h e  water  vapor  
concen t r a t ion  a s  a funct ion-of- t ime f o r  t h e s e  sampling l o c a t i o n s .  A s  shown, 
t h e  concen t r a t ions  of water  vapor reached a s  h igh  a s  1 7  percent  f o r  t h e  
b a s e l i n e  test a t  s t a t i o n  80, 5  f e e t  6 inches ,  and s l i g h t l y  lower a t  s t a t i o n  
580, 3 f e e t  6 inches ,  reaching  a  maximum of 14 percent .  The wa te r  vapor  



generated in the baseline test was a product of the burning interior materials 
and JP-4 fuel combustion. 

As shown in the figures, the concentrations of water vapor as a function-of- 
time for the water spray tests were similar to that of the baseline test. The 
water vapor generated during water spray tests was a product of both 
combustion and of vaporization of the fine water mist. Since the water spray 
delayed the temperature rise in these locations and the concentration time 
curves were similar for baseline and water spray tests, the total thermal 
survival hazard was reduced during the water spray tests at these locations. 

Figures 25 and 26 represent the water vapor concentration as a function-of- 
cabin-temperature at the two sampling locations (the concentration of water at 
its dew point is indicated by the heavy pink line, the baseline water 
concentration by the heavy black line). These figures indicate that for 
temperarures greater than 150 OF, the contribution of the vaporization of 
water to the total water vapor content (of the air) is about the same as the 
contribution of the combustion products. It can also be seen from these 
figures that the water vapor concentration for all tests is far below the dew 
point concentration. 

FRACTIONAL EFFECTIVE DOSE. -- 

Figures 27 through 30 indicate the theoretical survival times at two locations 
in the forward cabin as calculated by the fractional effective dose (FED) 
model. All figures show the baseline FED for comparison. As shown in figure 
27, the 0.35 GPM full-zone test yields a marginal increase in survival time 
over the higher flowrate 0.50 GPM full-zone test at station 580. At this 
location, conditions became nonsurvivable (FED=l) in 213 seconds during the 
baseline test; by spraying water in the full-zone arrangement, survival was 
extended to 299 seconds using the 0.50 GPM nozzle, and 309 seconds using the 
0.35 GPM nozzle. Similarly at station 80, 3 feet 6 inches above floor level 
(figure 28), nonsurvivable conditions were also reached in 213 seconds during 
the baseline test; conditions became non-survivable in 316 and 324 seconds 
during the 0.50 GPM and 0.35 GPM full-zoned tests, respectively. These trends 
are consistent with those obtained during narrowbody testing done previously. 

Figure 29 presents the survival times for the half-zone tests at station 80, 5 
feet 6 inches from the floor. As shown, conditions during the baseline test 
became nonsurvivable in 196 seconds. By activating all zones at 300 OF, 
survivability was increased 55 seconds to 251; when the secondary zones were 
not activated until 400 OF an additional 41 seconds was recogni.zed, but by 
delaying secondary zone activation until 500 OF was reached, 70 additional 
seconds of survivability were gained. 

It is interesting to note that the conditions within the cabin became 
nonsurvivable earlier at station 80 (which is actually more remote from the 
fire hazard) than at station 580 during the baseline test. This can be 
explai.ned by the arrangement of the test article. In order for the fire to be 
drawn into the fire door with enough penetration to simulate a wind enhanced 
condition, all cabin doors were closed. Under these conditions, the 
combustion products progressed to the forward bulkhead, where the exhaust fan 
is positioned. The smoke and gases tend to accumulate in the forward area of 



t h e  cab in ,  r e s u l t i n g  i n  e l eva t ed  l e v e l s  of t h e  t o x i c  gases ,  u l t i m a t e l y  
reducing  s u r v i v a b i l i t y  ( t h e  s u r v i v a b i l i t y  i s  d r iven  p r i m a r i l y  by t h e  CO 
concen t r a t ion  dur ing  a l l  t e s t s ) .  

I n  f i g u r e  30, t h e  s u r v i v a b i l i t y  of t h e  0.35 GPM flow r a t e  ful l -zoned t e s t  
( t e s t  5 )  i s  compared t o  t h a t  of t h e  half-zone t e s t  i n  which secondary zones 
were a c t i v a t e d  at 500 OF ( t es t  9 ) ,  s i n c e  t h e s e  tests  produced t h e  most 
f avo rab le  r e s u l t s .  During t e s t  5 ,  t h e  cond i t i ons  became nonsurvivable  i n  309 
seconds at s t a t i o n  580, o r  96 a d d i t i o n a l  seconds over t h e  b a s e l i n e  t e s t .  The 
ha l f -zone  conf igu ra t ion  provided 103 seconds of a d d i t i o n a l  escape t ime,  o r  316 
seconds u n t i l  nonsurvivable  condi t ions  a r e  reached. 

111 an  e f f o r t  t o  quan t i fy  t h e  e f f e c t i v e n e s s  of t h e  water  spray  dur ing  t h e  
v a r i o u s  zoned t e s t s ,  a ba r  graph was generated t h a t  compared t h e  a d d i t i o n a l  
seconds of escape t ime pe r  g a l l o n  of water  sprayed ("secor~ds  pe r  ga l lon"  o r  
SPG) f o r  each of t h e  t e s t s  ( f i g u r e  31) .  This  determined which spray  
conf igu ra t ion  produced t h e  g r e a t e s t  s u r v i v a b i l i t y  f o r  a  s p e c i f i c  q u a n t i t y  of 
water .  F igure  32 d i s p l a y s  t h e  c a l c u l a t i o n s  t h a t  were performed t o  develop t h e  
d a t a  p o i n t  f o r  each test .  Of t h e  seven water  spray t e s t s  conducted, t h e  h a l f -  
zone t e s t  w i t h  500 OF secondary zone a c t i v a t i o n  y i e lded  t h e  most s u r v i v a b i l i t y  
pe r  g a l l o n  of water  sprayed ( tes t  9 ) .  These r e s u l t s  a r e  based upon 
s u r v i v a b i l i t y  cons ide ra t ions  a t  a p a r t i c u l a r  cab in  l o c a t i o n  and h e i g h t  ( i n  
t h i s  example a t  s t a t i o n  580, 3  f e e t  6  inches from t h e  f l o o r ) .  

SUMMARY OF RESULTS 

I n  gene ra l ,  t h e r e  e x i s t s  a  d i r e c t  c o r r e l a t i o n  between t h e  amount of wa te r  
sprayed and t h e  cab in  a i r  temperature ( i . e . ,  f o r  a  g iven  nozz le  flow r a t e ,  t h e  
g r e a t e r  t h e  q u a n t i t y  of water  sprayed, t h e  lower t h e  temperature,  a s  
demonstrated dur ing  t e s t s  3 and 4) .  A s  expected,  temperatures  were lower 
du r ing  t e s t  4 than  i n  t e s t  3  due t o  t h e  g r e a t e r  q u a n t i t y  of wa te r  sprayed (30 
g a l l o n s  ve r sus  21 g a l l o n s ) .  The primary mechanisms r e spons ib l e  f o r  t h e  d i r e c t  
c o r r e l a t i o n  between cab in  a i r  temperature and q u a n t i t y  of water  sprayed i s  t h e  
r e s u l t  of t h e  water  sp ray ' s  a b i l i t y  t o  reduce t h e  burning r a t e  of t h e  
m a t e r i a l s  and cool ing  of t h e  smoke l a y e r  f o r  a g r e a t e r  l e n g t h  of t ime dur ing  
t h e  h ighe r  q u a n t i t y  spray  t e s t s .  This  was demonstrated dur ing  e a r l i e r  
narrow-body tes ts  and confirmed i n  t h i s  s e r i e s  of wide-body t e s t s .  Although 
t h e r e  were only s l i g h t  d i f f e r e n c e s  i n  temperatures  between t h e  v a r i o u s  
flow r a t e  nozz le  tests  when t h e  q u a n t i t y  of water  sprayed was equ iva l en t ,  t h e  
tempera tures  were c l e a r l y  lower a t  t h e  forward end of t h e  cab in  dur ing  h a l f -  
zone t e s t  N o .  9. During t h i s  tes t ,  secondary zones were no t  a c t i v a t e d  u n t i l  
500 OF; t h i s  provided a  s l i g h t  de lay  i n  spray a c t i v a t i o n  i n  secondary zones, 
thereby  al lowing t h e  water  spray  t o  cont inue  longer  dur ing  t h e  l a t t e r  p a r t  of 
t h e  t e s t ,  when i t  was most needed. 

There was a l s o  a c o r r e l a t i o n  between t h e  du ra t ion  of t h e  wa te r  spray  and t h e  
amount of t o x i c  gases  produced. A comparison of t e s t s  5  and 6 r e v e a l s  
s l i g h t l y  lower l e v e l s  of CO and C02 and l e s s  oxygen d e p l e t i o n  when t h e  0.35 
GPM flow r a t e  was used. By spraying  a t  t h i s  flow r a t e ,  t h e  spray  d u r a t i o n  was 
20 seconds g r e a t e r  than  w i t h  t h e  0.50 GPM flow r a t e .  This  a l s o  occurred 
dur ing  t h e  ha l f -zone  t e s t s .  Tes t  7 (300 OF secondary zone a c t i v a t i o n )  y i e lded  
t h e  h i g h e s t  l e v e l s  of CO a t  t h e  forward end of t h e  cabin ;  t e s t  8 (400 OF 



(500 OF secondary zone activation) the lowest levels of CO occurred. As 
mentioned above, the delay in activation of secondary zones allowed for the 
water spray to continue until nearer the end of the test, when it had more of 
an impact. 

In terms of light transmission, all full-zone and half-zone tests provided a 
marked increase over the baseline test. During test 9, the light transmission 
was clearly the highest of all tests from commencement until 3 minutes and 30 
seconds. From this point until termination, however, the two full-zone tests 
provided slightly higher levels of light transmission. It appears that the 
delay in secondary zone activation experienced during the half-zone test 
allowed the smoke to restratify better in the early part of the test, causing 
a slight increase in light transmission. Conversely, restratification of the 
smoke layer was not as great during the early part of the full-zone tests 
because there was a greater number of zones activated, and hence, more water 
being sprayed. This could have caused slightly greater turbulence and mixing, 
the reason that there was a higher level of smoke at the early juncture of the 
full-zone tests. 

An investigation of t:he water sampling data revealed that the water spray 
presented no additional thermal hazard. Because the water spray delayed t:he 
temperature rise at the sampling locations, and the concentration time curves 
were similar with and without water spray, the total thermal survival hazard 
was reduced. 

CONCLUSIONS 

As shown in earlier narrow-body optimization tests and confirmed throughout 
this series of tests in the wide-body fuselage, the best technique for 
maximizing water spray usefulness is to divide the system into zones, allowing 
for better control of the water spray and thereby minimizing the waste. By 
dividing the zones in half at the symmetry plane, the effectiveness of the 
water spray can be increased even further, providing additional seconds of 
escape time over the full-zone arrangement. Both full- and half-zone 
configurations support the earlier findings of increased visibility over a 
system which sprays throughout the entire cabin, because of restratification 
of the smoke and gas layer in the areas of the cabin that are more remote from 
the fire origin. 

It was also determined that by delaying activation in the secondary zones 
(other than initial zone) until a higher predetermined temperature was 
reached, a greater majority of the available water could be applied where it 
was most needed, in the area of the initial fire. This method also allowed 
for the spray to continue until the latter part of the test:, when it appeared 
to have more of an impact. This was demonstrated during test 9, which 
generated the longest survivability at station 580 with 316 seconds. This was 
an increase of 103 seconds of survivability over the non-spray test, or 4.9 
seconds of additional escape time per gallon of water used. At this rate, 8- 
12 gallons of water could theoretically provide as much protection as seat: 
fire blocking (40-60 second improvement in survival time). 
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