
176 DOD AIRCRAFT r,ROUND FIRE SUPPRESSION AND RESCUE OFFIC——ETC FIG 13/12
DESIGN OF A CASCADE FIRE APPARATUS FOR TESTING COUNTERMEASURE E——ETCCU )
JUN 75 5 U WIERSMA , R S ALGER, R ‘6 MCKEE

UNCLASSIFIED DOD—AGFSRS—76—7 • ML

END
D*rE

FlL~ E D

9 -77
DDC

I



DOD-AGFSRS - 76-7

~~~~~ DESIGN OF A CASCADE FIRE APPA RATUS FOR
~~~: TESTING COUNTERMEASURE EFFECTIVENESS
Q

~~ NAVAL SURFACE WEAPONS CENTER

WHITE OAK LABORATORY

SILVER SPRING , MARYLA ND 20910

AND

STAN IFORD RESEAR CH INSTIT UTE
MENLO PARK , CALIFORNIA 94025

JUNE 1976

r

FINAL REPORT ~~

>.:

Approve d for public release; distribution unlimited

~~~~ ~
‘
~~~DOD AIRCRAF T GROUND FIRE SUPPRESSION AND RESCUE SYSTEM OFFICE

Wri ght-Patterson Air Force Base , Ohio 45433

~~~~~~~ —- — — —~---~~~~--



‘1 
—

NOTICE

When Government drawings, specifications, or other data are used

for any purpose other than in connection with a definitely related Govern-

ment procurement operation, the United States Government thereby incurs

no responsibility nor any obligation whatsoever; and the fact that the

government may have formulated, furnished, or in any way supplied the

said drawings, specification, or other data, is not to be regarded by

implication or otherwise as in any manner licensing the holder or any

other person or corporation, or conveying any rights or permission to

manufacture, use, or sell any patented invention that may in any way

be related thereto.

Reference to trade names is for information only and endorsement

by the Department of Defense is not implied.

This report is approved for public release; distribution unlimited.

This technical report has been reviewed and is approved .

~J~ 4 cy?/Z~IUS SINGER, Prog a Manager
D Aircraf t Ground re Suppression
and Rescue Off ice (AGFSRO)

Copies of this report should not be returned unless return is

required by security considerations, contractual obligations, or notice

on a specific document.
A ~~ ‘ ‘ ~~ F - ‘F~F F ~ 1. - IOU

L~~ _ _



S E C U R I T Y  C L A S SI F I C A T I O N  OF THIS PAGE When Data Entered )

REPORT DOCUM ENTATION PAGE BEFORE CO MPLETING FORM
I REPORT NL. .U~ R 2. GOVT ACCESSION NO 3 RECIPIENTS CATALOG NUMBER

/ ‘I
DO E )— AG FSRS — i I —7

4 T~~1L1 I~~nd SAb tolel - E. T IPE OF PORT & PERIOD COVERED
- ~~~~~~ --.--~~~ -~~~~~~~~~~~~~~~~~~ 

-

( / l in a l  Repa~’t . ~~‘
.,

/ I) e ’oig n of .i Ca scade  F ir e  A p p a r a t u s  — 
— June  76

t a r  T e s t i n g  C o u n t e r m e a s u r e  E f f e c t iv e n e s s  
—-—-

~~

~ 

. . . - — .
~~~~ 

. 6. PERFORMING ORG. REPORT NUMBER 
—

7 A UTHC ) R IS~ .- ________ __________________________

‘, 8 C O N T R A C T  f lR C R ANT  NUMBER(S)
S . .1 . ,\“ j ers lna . II .G \ I cke e/ • ,  )

R . S .  Uger ~V . H . Johnso n ~JPP VY 761a 75— 0 5 0 98— i

13 P E R F O R M I N G  O R G A N I Z A T I O N  NAME AND ADDRESS 10 PROGRAM ELEMENT , PROJ ECT . T A S K
AREA & WORK UNIT NUMBERS

\ . I v , I 1  Sur f a c e  Wea po n s Cen ter

W h i t e  Oak I~1h ora to rv  6 47 1 W
S il ver S p r i n g.  ‘W. 209 1u ____________ . — 12 REP .~~~TE 13 NO OF P A G E S

11. CONTROLLING OFFICE NAME AND ADDRESS June ~~ 76 51
DOD A i r c r a f t  Ground F i r e  Suppression and Rescue —~~~~~.- 15, SECURITY CLASS, (of This repo rt)
Sy s tem O f f i c e  (A SD ‘S~i1 GF) ‘ /
W r igh t — P a t t e r s o n  .~FB , Ohi o 45433 /~, ~

‘
~/r~ /

14 MONITORING AGENCY NAME & ADDRESS lit diN. front Controll ing Of f ice )

TEa. DECLASSIFICATION /DOWNGRADI NO
SCHEDULE

16. DISTRIBUTION STATEMENT (of thiS report) 
-__________________________________

Approve d f o r  p u b l i c  r e l e a s e ;  d i s t r i b u t i on  u n l i m i t e d

17 DISTRIBUTION STATEMENT lot the abstract entered in Block 20, if d i f ferent  front report )

18 S U P P L E M E N T A R Y  NOTES

19 KEY  WORDS (Continoe on reserse tide if necessary and identity by block nA rnber)

A i r c r a f t ’  Ground  Fuel  F i res  K i n e m a t i c  Fuel F i re s
(‘i re S u p p r e s s i o n
Je t F u el  Fi r es
F i r e  Technology

20, A BST RAC1’ I Contt nue on reverse s,de If necessary and dentt f y by block ,‘ urnber) 
-
~~~~~~ 

_______ - - -

..~ A C3SC .1 I I I  f i r e  a p p a r a t u s  was  designed  to be used in  t he  eva lua t i on  a t  . Igr ’ llt

f f e ct i v ’ c les s  and app l i c a t i o n  t e c h n i q u e s  in s u p p r e s s i n g  a c c i d e n t a l  a i r c r a f t  g r ound

i r s  I I 1 v O I V L I I g  f u e l s  wh i c h  are c a s c a d i n g ,  sp r a y i n g ,  or p o u r i n g .  The a p p l r l t) I~

D D FORM
1 JA N 73 _____________________________________ -

EDI’fl ON OF I NOV 65 IS OBSOLETE S E C U R I T Y  C L A S S I F I C A T I ( ’ N  OF IHIS PAGE tW iten O.t. Entsr.d

L , .



-
~
--

~~~~~
-- --

~~
-—---

* 
‘ , l ( L F . . T /  I . \ , , F F  (‘ A l  FIN Uf i l l ’ , l . I~ .1 Of ~~’rI l\,l,l )

I I  I v I \ ’ F I ’ A  I’,’” I

.0 ‘it’.i, I i  A( ’ I

p r o v i d e s  l op  ( 1)  a c on t r o l l a b l e  bl irninC r I t e , ( 2 )  i r ep r O l i ( IC i l ) l e

t i r e , ( J )  a l ia i se  g eo n e t r v  t h a t  itiifl itiiizes w i n d  ef l’ects , and  ( - I )  an

.ld j i I S t . I i ) I I ’ S iZ e  by  V I t ’ ~~u l ’  O F  i t s  I i t O ( l ) l L t t  n a t u r e .  One of th e  ( II” ) h I l l

su p p ly  i l l lZ/,1 i n g  Op t  iOf lS V i e l ( i s  1 N I I I 0 t ( l ’ l I ~ SS f ir e  il a w e v i ” r , t h e  ot her

opt  i (lii hi s  bet  tor  f i r e cha r , i c t  I’ t’  St  ~ C5 fo r  eva b a  t in g  80710 01’ t he

1 1 1 , 1 1 1  t ( ‘ I F T I ’,) S / I I I ’S .

Su p p r e s s  i I)~ I t e s t  ~ \ v F ’r I ’  CoIll iuct (‘ii its I ng  PEP an d  \ lon n e x  I i r v  chris  i ca l

.1/I ’ll ) 5 .11)11 g. Is l ’o, Is 11.1 lF f ’ l  1211 . ‘lo i lnox ~v a c  s l i g h t  lv  store 1’ f t  t ’e t  i VI ’  Oil .1

\ F l ’ i / J) t  1, 1 5 1 5  i l l  I ’ X (  i n g i t i s t i t n e  t i ll ’  t i r e s .  I t  w a s  n o t  p o s s i b l E ’  t o  COfl lp/t l’C’

t il l ’ I i  (I ’ l l  IVI’UI ’NS of i I . I l o n  1~~ 1 I and t h e  poa lb’ r  . I gen ts  because of  t u e

d i i i  ‘ i ’ , ’~~ t i p p li& ’ i t i o n  P i t ’ s  .11111 (‘ . lp ’ t ( ’ i t i I’S o f  t h t ’  x l  i l t g u i sh e r s  t e s t e d

lii i • t io ’re  t a r , ’ • t il l’ t j i i  f e r en i  f’ l ’9u1  rel i f I r e  s i z e , t i l l ’ a p p a r a t u s

1 1 1 , 1 I I)  1)1’ W l ’ 11  ‘ O / l j t E ’ ( . i ( 1 ) 1 ’ l ’(’, l i I i . I t I Oil t l l  .IgCil t ef l’ eCt’ i \ ’e t l e s s  .Ig.liIls t

I 1 )1. kII I I ’ ’ ’ T , l t l e  I i  t’ l ’S .11111 .f 14 0  fo r  t r.I it i ing  ii t ’ e n i e n  in I i  ‘( It  t u g  t b ’ S I ’

f ~ I’ ‘ F

511 ‘ ‘ l . IT

oitc .. ‘ 11
fl

U IF .“

-I
.

I’ I f
elI ~~ ~~A i ~ I , , ‘‘S

~~~~~

FORM 1AW’~~I P A I K F
~~~~~~~~ JA N / 3 U~~~~~~~~~

OIT ION OF 1 NOV 6~, IS OBSOI,ETF ‘ . 1 1 0 1  ,~ ‘ , ‘ , lI II A l l e N  II 110’ , F’ ,,,

- - .  _ __ _ _



‘tO

coN’rE NTS

F 
DD FORM 1473 • i

LIST OF ILLUSTRATIONS iv

1.0 INTRODUCTION 1

2 . 0  BACK GROUND 2

3 .0 THE CASCADE FIRE ‘rEST ,APP,~RAT [F S ‘1
3.1 The Cascade F i r e  Pane l  4
3.2 The Fuel Suppl y Systems 8
3.3 The Extinguishing Systems 13

1.0 EXPERIMENTAL RE SULTS 20
4.1 Fire Characteristics 20
4.2 Extinguishment of the Fires 25

5.0 DISCUSSION 34
5.1 The Fuel Burning Rate 
5.2 Wind Effects on Flame Extinguishment 35

5.3 Adjustable Fire Panel Size 36
5.4 The Relative Merits of U s i n g  the  A i r

Injection Nozzle Versus the Fan Spray Nozzles .    37

6 .0  CONC LUSIONS 40
6.1 The Cascade Fire A p p a r a t u s  40
6 . 2  E v a l u a t i o n  of E x t i n g u i s h i n g  Agents  41

APPENDIX

FIREMEN TRAINING EXERCISES USING T1{E
CASCADE FIRE APPARATUS ‘12

REFERENCES 15

iii

— 
—‘  -‘ —‘



I i , ,, I I ’ I

1. ~“L’he~’ t t i  Ii’ 11 I. 15( 141’  ( ‘ L i t ,’ I ~‘~~t_ t u b  r\ pp~ I ‘ I t  1(5 • /1

2 . ‘ 111 1 t 0~’ I’ (III C t a t  t i l l’  I’ ,)  SC I III ’ F i r~~’ (‘ 111€” 1  It

(o n s t imct ion 1lL ’ t.l j Is of (‘ , lsL’ ,IIII’ I’ ire 2,i i t t ’ l .

[‘(Li ) 0 i~ 1 , 1  f b I  4 f,) I I I ’  1 I ) i t e — ’ ’,IoI l / (  11 ’ (‘a /40,1  do I’ i i’ t ’S 1(1

5. I’i 1 1 ) t l F ~ ’, I’ l p / 5  ~~t ( [ “ - 1 \V,j ’ b ’ ,I)l Ii’ (‘ 1 5 0 , 1 4 ) ’  (‘ it’i’~ 11

7iio t o 1J’. l p / / ;  of  IP— ’l 1 1  r ’ s  l’ s i n g  t h e  . \ i r

I n j e c t  ion  Yo zz  le 12

i ’ x t i i l g l l i s h a u l t  (“ b ,; R a t e  (S  .1 l”utiC t’ioit
o l  t l l ( ’  1)ri~’ ill ~ l’ressiire II

:y t r i g t i i s l i Ine it ’  i’:i t h  I O i l St , I l lt  1i’ ’S Si t F e

~t ’ ’. Chest i ~~a I i’ ,x t 1 n gi t  i ~hi’ ~ 15

9. N t  i ng iu i l - t In t l’ at  \ ,i Ui PEP ( 1 , 1 1 1 , 1  I’ .x t inguisher  17

11 1 . Ext i u g h  I S I t i I( I ’I I t  W i  (Ii 11,1 1011 12 1 1 18

11 , I t  I t  toll Pa t’ , i  lot’ ‘IP l 01)1 ’” I l) , i) I IC Ii 1’C’/

u ng [ a l l  /~ pu’ . Nozz, 1 i’s 21

12 .  i l l I’rIII,ll l i , l (1i , lt ’ iOul ( 5  a l’ t i t i ct  loll o f  B u r n i n g  B a te  23

Nt’ Con s t i n t  I ’  [ o r  C x l  i ngtu I sl1’Ill ’Il I 0 1 ,JP ’ ’l F t  I’ E ’S

PEP C o n s t a n t  (‘ b ’ ,,’ l xi i n g u I i s i u I F Ie I l t  t t i  , l I ’~~)

(t i l l  ~~~ IL u i iol  I i  t’~ ’~~ 27

15. . 1 0’ I I l ( ’X ( , eu st , f nt  1 10,1 ‘ x l  j u u h u u s l I I , l , ’ u i t

lb . PEP 11.111 1 1 , 1  (‘ n i t  Nt l n g l l i s i I ’ ’ I ’ n t  ‘0

17 . I i 1 ~~’u i : i t  C x l  i i l g l tIS I t I I I / ’ i lt  32

I S . Cx I u g u  I sl~ s i l t  i i ’, ( ‘Ni’  1)1 I ‘ Ci

I s i n g  t h e  A t e  In ,j t ’c t  1(111 N oz z l e  t O t ’  t h ~ 1 s t  1 Ci

i V

I



1 .1) 1 NTROI M’ CT ION

‘(‘he Ph/ I se I repon’ t on k i nesu~it ic j t ’ t  f u r  I I i  res enu p ha S i  zed till ’ pt ’ l ’ —

~‘a 1 ence .111( 1 fll~~0 i’ t a  lIce ( I f  Ca SC / I  d i n g ,  spra  vi  ng  , and  pout ring t u e  I s  i n

1
.1 i re u’ .i f t  g round  I i  r I ’s  . Such  l i i i’s ~l i’e n o t  i m e n a b  be  to su p p r es s i o n  l)~’

t h e  f o I l s  t h a t  C o t i st i  t u t e  t h e  p r i n c i p l e  S V St e I : I 5  f o r  a L I ’( ’ r : i f t  p r o t e c t i o n

thel’eiou ’ f ’ , V , l r iO us ,1IIX I 1 i . I rv  (gou t s — — i  .t ’ . ,  powders , c h e l u l i c / I l l y  a c t  L V I ’

v a p o rs , (t i ll  itii’l’t g / l SSe S— mli’ l ’  r e qu i re d  t o  cope ivi I i i  t h e s e  I i  t’ l’S . I I I —

I o ( ’t U t l / I  t e l  v , t he eva I l l / I  t i ( / n  o f au x  i Ii ,Irv ,tgI ’uI t effect i V I ’ l l t ’S 5 /111( 1 , t p p l  i —

Cat  i o n  t e c h n iq u es  h/I  S i)een h am p e r e d  h~’ i r reprodt ic  i b  le Ii rc’ c h a r/ l e t  *~ li st  t i ’s

,ln(l I un c l ’l’ t a I u t  irs r egar e li  ng liii’ i sport  , l t i u ’ e  o f  t i l t ’ ~‘I 1 ’ i O t L 5  h i d  ,iiitl en—

E l  ~ OillllCfl hi I p u  i’/ i l u l e t e l ’ S  oti t h e  I i in’ 1) eh av I o r .  \ I i u c h  of t h e  i i i  s p er s  I on i l l

t h e  r e s u l t s  o f  p a s t  e x t i n g u i s hm e n t  t e s t s  s i e n i s  f r om  a l a c k  o f  s / I t  1s-

f/ I c  t o r y  t est  f i res . C on s equ r u l  t I v , th  i S ~~t’I)~~~~,1i11 \V , l  S Ill ’s i gl ll ’It to t’elIuOE’e

Some of  t h e s e  d e f i c i e n c i e s  b~’ p r o v i d i n g  ( I )  ~u b e t  te l ’  t u u l l l e r s t  s t i l l i n g  o f

c a s c a d i n g  fuel f i r e  e l u a u ’ a ct e r i s t i c s  a n t I  ( 2 )  sp ec i  f i ca t i o n s  f o r  s u i ta b l e

t e st  f i r es .  Phase  I p r o v i d e d  s i m pl e  I n a l v t ’ i ( ’ . I b  l l t O d I ’ l S  l I l t ’  i’,ISCl I l i t lg ,

j e t  t I n g ,  / u n d  s p r a y i n g  f u e l  I i  reS /111 ( 1 r e lat e d  t h e  f t i e b  ( l i i i  t ’t l V i  I ’ O t l I l l e t I t /11

pa r am r ’t l ’ t ’ 5  to  t h e  l ’ X p I ’t’ i Ilietl t I I  lv Ol )S e P V I’ l i  I i’C cii.u 1’ /SC I t I ’  1s t  1 C S .  I’h i s

p h a s e  r e p o r t  s t h e  SC/l I l ug  of  SIll/i I I l ab or s  t I~~l ’V I i  l’ I ’C  U( )  t o  5 1 7 0 5  Sit  i t  a b l e

f or  t e s t i n g  f i r e  s~ t p pt ’ es s i ouu l g e nts , /I 1)pl i t ’ . u t  11) 11 ap p ~I u ’ l t i t s . 111( 1 t e c h n i q u es

i n  e xt  i t i gut  i sh i u l g  i i  i.e’s c it / I  u’ ,R’ t f ’ t ’ i St  I C O f  .1 j i’cr~i f t  / 1 C C  1 d e n t  S , The Scope

I n c l i ,icj e s t h e  d e s i g n s  o f  t h e  f i  t ’e 5’, s t e u u l , ,I  di s(’u ssion of u’&’ f i n e u n e u l t s s l I d e

d u r i n g  t iiu’ (eve bo p meu’~ t per io t l , , t i i t l  an ,‘‘,‘,~ h i s  t t o u t  o f ’  t h e  .1 PP/I i’S t 1 1 4  ~) ‘ ‘ u ’ —

f o r i i u , t n c e  i n  ,i s e r i e s  of  ex t  I ng t i  u sh i iuen  I t e s t  S (V t  I l l  i t ’ ’ ,  p owdeu ’  chest I C i  i s

PEE ’ ( P t irp l t ’ K P owuk ’i ’  , KIlCO ) l u l l 1  \ l o n n t ’x N I  ure ,l  ) (‘I l~~~ • , t t i d  ~a s l ’ I’ I l

( 1 , 1  h o n  1211 (CF ’ a Cl  (be )



i i  \f ~’k b I I I  (I “4 1

i t ’  t u t u I 1 . 1 1 piu,u SI ’ Of  I III’ pro j ‘ct

~ I ) ’ ’ i I ne l l  t i l l ’  h a / I  i ’d pot  I ’ l l  t I / l b o f  s i  l ’ C t ’ l I t  c r a s h  f i c ’s  l iv
S uL i ’ \ ’ I’\ ’ i u g  u n i l i t ’ a r v  l i t ’ ( ,’ i ’ , l i t  f u e l  e ; l p . u C i t \  , 0( 1 1 t . l t l k
l O( ’ , l t  1(11 1 , ,u t u d  I ’ ll l (’,lCtet ’ i ’F t i C S  t i f  I i i , ’ i l l h i ’ i ( ’ I l  i o n  l I t ’  b y —
(ll’,(ui I i i’ ~~\‘ s t  I ’l//S 11,1 t (‘1) 1114 (‘0 111 1’ i b u t t e  I o ci ’s 51/ t i  t’ i ’~~

a [ h ’ f i t u e c l  t u e  h,lz/urd hi  S i / I c y  ( IV s i L r v t ’v  h u g  ,u I (‘ ( ‘ 1 , 1  It ’ ( ( ‘ ( ‘I —

Ill ‘ul t 5 1 I1VO l v i  il~~ f i l’es t o  i dl’ll t i f v  I’ I t h ee  l’ requ f ’ut t o r
l u i  ~“h 1~ 11/I ‘/, ,i r11I5115 gr,lE’i t i ’ — ccii i i’o I led fuu l ’i f l o w  f t  I’e~ ,

a i) eve loped  .111 I t i l I v t  i c a l  lil’sc t ’ i  p t  1011 ( t i l l  il l t Pl’pl’)’ 1 , 1 1  l O l l

I I  t ’ th~ i ‘~po i i  I l l  t (yl ( ‘ I / / l e t  I ’ 1’S t 1)1’ t h e  ( ‘ X~~ ‘ i i  se n t  ,u I pu’ ogi’ i it~
11111 t I ’”  t I l l ’’, ’l ’ t l lpi ’ I l ’ l l t

• ( ou tduc’ t t ’4 4111,1 1 b— s c , i  le t e s t s  t o  V l’ l ’ l iv t h e  I t 1 , l b \ ’ s i s  l i / I l

i den t t v  ‘4C, l  i i  tug ci’i hE” ! ’  i :I

I !  heIS t o i u n d  til l t ~ f’ t h e  (loss j O b  e t’ \ ’ l l ’s of’  lclnem/1 t i e  ~~u e l  t I i e s

c ,I  s .‘ , i  ‘ f t  ‘ i ’s , rod f i t ’ s  , e s  s — I  e t  di  f fit  si on I 1/mules , a n d  d r o p l e t  S~~l i ’ , l

‘ ln ’ l ’ ’I ”F(’ ,III, ’ St i l l  rod f i r e s  h a v e  r e cei v ed  vet’s’ l i t t l e  a t t t ’ n t  i ’’i

li f li I h(’ i ( ‘ I l l  i’ , IC t 01’l S t  I V ’S .1 t ’e t l t e ’  1 0, 1 st  t l t ldel ’St’oO(l  . rh i ” l ’e foI ’e  , t h e

I ’ l”/(’ . flI C t u ’ ’ . Ei ’it iCil I ’l)l1’4151 s o f ’ f u e l  f l o w i n g  a l o n g  t h e  s l i r t , I e ’ s  s l i j . I I ’ ’ll l

I, t / / I ’ h  i’ l’5 l ’ i ’ V F ’  I i ’ s , W,114 chosen as t h e  hi nt,’Ill/Itic f u e l  f lu ’ l’ tIl chI l’,ictei ’ i

‘1 ,1 si l i lh l l;t  (I’

P O t s 1 ’  I j I I l’t l i I  t i t’ d  t i l t’  f o l lo wi n g  1l,”/ i t I l(’CS / I S  c l e s i t ’ ,t i,l e i n  1 5/1 1 i s —

I ~~‘ )  o t’y t t ’st  ~~~

• \ (‘ 1) 11 t t ’l’l 1,11) h e  k ) L F t ’ u i  i t i g  I’S t I’ I t  \‘a 1 1 1 0 4  ( V p  i C / I  I o f ’  /1 s evere
f i r e  w i t  Ii c o i i l uuuon , t  I I ’c ’ t ’ , l l t  f u e l s  su( ’iI  ,~ s ,JP— ’l and  J P— 5

h it  t’ ti i n  g II ,f i) I)t l t 0 .2 i i i  ‘lii i t i  per  sq 1,1 cc i n  cli o I lut  en t u g

Sil t’ t , I  C C ( ( I . 125 gt 1 (11 1 11 f t

\ b u r n t  t l I ~ I ’ l l  e 1’ ‘pu”Ii li C i i s l e  t o  w i  i i i  i l l  10 peu’I’I ’l/ I frou~

f t  I’ ’ ’ t o  I i (‘ ‘ ‘ (l Id coIls t ,u ut t f r o m  t t i ~~ t o  so t  t F f~~I I l l  t lie ca s e t  t i e .



• A f l / l I n e  geom e t ry  t h / I t m i n i t i l i z e s  w i n d  e f f e c t s  /111 ( 1 a t e s t i ng
st  r u c t u i ’ e  t h a t  l I l t ’ s  not  c / lOse  u u n ex p e c t e d  p e r t u r b a t i o n s  of
agent ,lppli C ,lti ou.

• ,\n ad j u s t a ble  f i re  s i z e  so tha t v a r i o u s  typ e s  a n d  s i z e s  of
e x t i n g u i s h i n g  s v st e n u s  C a n  be t e s t e d .

• A f i r e  souur ~~e t h a t  p roduces  in I i i i t i (Ui f l  smoke p01 lut ion

B/ ise (I  on t h e  Ph/ise  I i ’es t,i lts  W i t h  s m / I l l  ( 2 . 2 5  f t )  C a s cad e  l a h o r a t o u ’ v

f i res , a f u l l— s c / l i e  t e s t  appa l ’ /I t u s  was d e s i g n e d  to s a t i s f y  t h i s  l i s t  of

do si r/Ible fe,s t ur e s  . ‘Ph i ~ report desCr ibes the development of a n d  the

t e s t s  p e r f o r m ed  on the fui l 1—scale CISC/Ide f i r e  apparatus.

______________ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



.1) ‘(‘lIE c ’ ~ l d ’ ~~ E i’ I l IE ‘I’EST ~PPAiCVI’I ’S

e scht ’ I / l , l t  i c  l i u ’ , i w i n g  o f  t i l t ’ i u i o d u u l / l r  c/ l sc I ( I ( ’  I i  cc t ‘s t  l u g  ap p , l  u’ t u i s

i s  showt i  in  l” u g t u r e  1. ( u  gu i ’ ’ 2 cont ’a i tis  t h r e e  p l l o t o e u ’ . Ip h s  of  ( l i t ’

t ’ , ( ” 4 ( ’ , l i I ’ i’~ cc p a n e l .  \ ‘  C I I I  he  seen i n  l” i gu t r e  2 ( 1 ) , t o  nlIl iu los \ \ l ’ l ’ l ’

i st u I l  t , t l ie ~s ( m ’ OI l t i l e  l e f t  h~’ i ng  a i’e f i t iOl1lC ~~ t I ) U t he f i t ’ s  t p t  t ie  I

l ’ t ~~~~u ’ i ’ :~ j~ , t c ou st  I ’ u L c ’ t ion  ( i c / s w i n g  of  t h e  fina l design .

I l O t ’  l,a ” I C , l d t’  I i  cc Pane l

‘it , ’ d m u h  1 1’— 1, u  ve t ’eI l  p a n e l  , a pp i ’ox i ll / i  I c i v  fout r f e e t  ivi d c  /1 i id t ’ i g h  t

f o i l h i g h , (‘ l i l i sis t  s o f  a w a t l ’u ’  coo led  u tn d e l ’ pl a t e  and  su u p p o l ’ t  fr a m e

u’o E l ’t ’ l’ II ‘ I t ’ l l  .1 I,lver of  g a l v , u n i z , l ’li  m e t a l  s h i n g l e s .  These 11 i n c h  Os’

I ~ i ut ch  sO u n g  l es  h a n g  fre ’ l ’ lv  1 t an  a ui g  be o f  /1 bou t  GO (t eg r ’ c’t F s u p  f rom t h e

h I ) t ’ i / o t u t  ( 1  OIl i( l s I )1~ ’4 w el d e d  to ou t’ 9 1 — i n c h  l e n g t h s  of a n g l e  i r o n . W a t e r

I Ill/I s O V I ’ I’ t i l l ’  b a cs  p 1 ~I t o  ( ( ( ( r i n g  t h e  f i r e  to keep  the  so 1 id shee t  Coo I

,t nc i  pu’ ’v ’ m m t  w . t rp iu l g .  ‘File s h i n g l e s  ~ii’ e t iot i t i  co l l t , ICt  w i t h  (lit’ w a t e r

(t o r e  f o c i ’ , t hese 00,1 t up  dii r i n g  t h e  f i cc / 111(1 1 1 ( 1  i l l  ev s  poi’a t i ng  t h e  f u t e l

1 5  (‘ l ) i ( s t t ’ i L C t  io n  pl ’t ’ /l i t s  h I ’ sh i n g l e s  to W / l r p  w i t h o u t  c l i s t u t r b i n g  t h e

‘Il l ii’ ’ st  t ’ l L c  I l ir e

\ t t ’ol tgh I O(’ , I t e l i  ,I t t h e  h o t  1)111 of  t h e  pa t ie  1 Co I l eC  t 5 u t n b i t  t’necl f’i t t ” I

See F’ i gu t  In ’ 2 ( c)  ‘~ . When i i i , ’ sit i n gles  I ’c / l C i I  an e’ 1 ~~~ ted  t em ((p er / l  t u  cc , a l l

t i l t ’ f i t i ’l bui u ’ m m s  , i t l l i  t h t ’u ’ e  i s  i l l )  I i l ’ ,( i u l age  t o  t i l l ’ s u t l m l p .  h o w e v e r , souse f u e l

( r a i n s  o f f  d u r i n g  t h e ’  u n i t  u , u l h a r m  up  an d  , s g a i n  d u r i n g  si tp pr e ss i on ,

‘spec 1 , 1  11 v , t  I’ t e r  t he  I i i.e i S cot i lp l  e te  lv  t ’X I I ngu i shed ,itid 1)0 f o r e  t h e  t u e  1

su, ip p lv  I s sh u t  ( 1 f f , A sin s I I  t n u o i t u  t o f  \V/I t er  f l o w s  C o n t  in u t o u t s  1%’ i n  t h e

t cough s  to CO t) b t h e  excess fite I be f o r e  i t  t ’t i t t s  t h r o u g h  t h e  ~~t tm p  ~~1tl t l j )  and

( 1 4 ( 1  to  (‘ , l l ’ t’\  1 5 1 , 1 5’ l i m E ’  powclei ’ e x t  in g i l  i sh l u g  Ig ct i  I t i l t t in/I S’ f/ Ill I i t t  o t he
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I \‘ I, t I I I ’, , 5\ ( ( ‘ 1 , 1  ( i / I  \ ill,’ S / I  I I I (‘ I ‘ ‘ U I . I I  I I ’ ,! I I I I t t ’ I I ’ ’ I / I  Oil I

l ’ i l O l l / ’, ii ‘ I I  ‘ I F  t i l l ’ 1 ’” ,’ 1 ~~4 1 1 l t ’l “ / l ’ ’ ~~ F I S  ( l t ’ I I E ’ l F I  / I~~ l , , l ’  ‘ F ’~ , ‘, l ’ H l ’ l ’ F  I ’ l l  t i t t ’

p5 11/ I l

h i t ”  t I  l o t  ‘ ‘ ‘ 1 ) 1 ( 1 1  I I ’ , . 1,’ . , t’ l’ie I t  g u t  ( ) , t u i ( ’ l  i l l  I’ I 1 I 1 ’ , ’  2 ( i )  , t ’ l  l I t w , ’ i  t b ,’

h i ’ , p il t l ’  ~,‘ i 1  ‘ ‘ l ’ ’ ’ l ’ l l F l i ’ I c O s i g n  ‘ ‘~ h ’ i ~~~ ’ ’ ’ l I c  i h 1 ’  s m i , a l l  I / h F I i ’ / I I O i ’ \  , tp p l l ’ I I I l s

1 5 1  1’ tI  l S /  I , 1 1 , ‘. , I” i  101 I l l I s si  i l l  0 t F ~ i t ,  I I  t O  I - l / F C I I - ’ l i l t  I ,  S l  ~‘~~I 1) 1 , 1 1  I ’

s it  i l V ’ l t U I t’ t \ t I l  I I j l ’ I I ’ a i c ’  ,i I i  t i l i ’  I I I ’ !  W I t i l , , / l t  i u I I ’ F I ~ h / ~~’ t l I g  S i ’ l ’ L’ I , I 5

/1 m / ’ ~ i u u l g .  b O l t’ , I I I l ’ LI ’ , i l ’ ’ F l  I,C, ’ ,, ’I’  I i i ’ ’- l g ( /  /1 ,1,5 , l F t I i p t  I ’ l l  l , t i ’  t i I l ’ ”, I ’ ( ’ I I I , I f

m l ’ ,

:~ .2 i~~’ t l i t ’ t ~~m l p p 1  V ~~\ 5 ( I ’ / / S

I L / I l ”  t i l l / l i t f i i t ’ l s  , ‘ t I ’ ”~~ ‘T P ” , I , I / s i  l / l I ’ I i l  1 1 1 ) 1 , U I / F  /1  ‘ I ’d  I i i  t i / I  “V

I’ 51,’ I ’ ’ I I i ’ ,, ’ & ‘ X I I I ’ l’ ( ‘ ‘ ( ‘ I / I S ,  1 ( 5 11 , I I ’ p5 / I ’  I V a S  t ’ l’ I l ,,” I i  I t t  4 1  1 1 1 F F ’ t t  l i i i ’  5 I 1 / , ) k t ”

I l l ’” F / / l ’ U S ,  I I’ l l ’ t / / , , l t . I \  , I i i , ’ P / ’ F l ) , / l / ’ ’ t i l l ’ ( ‘ 1 1 , 1 1  t , t  I ’ l l / / I l o s  d i l l

i ’ l l o u f t  k ’ j t ’ m t  t o  s I / I l / i l / I t o  t i / I l , ,  o f  t h l ’  l i q u i d  i u t ’ l s  i n v n l v , ’ i  i l l  ,l i I ’ ( ’ ( ’ , I l t

d ’ l ’, l S i l  I I  i’ t ’ s :  i l l ’ ’ I & ) I ’ , ’ , t I l l ’ l I S ( ’  I’) I  i I l ’ O I ’ / i i e  b/ I S  I i i  s c / H I t  i n l , I I ” Ii . / ) i i l ( ’ l ’  t O ’ ’

p / ’ F i I l , l l t ’  f i m , ’ l  ‘, , l ( l ~~I I ’ i , ’ l ’ F i  I S  ‘ U ) F l / /  I S  I t  l~ ’ f i  I i i ’ I / I l / S i t ’  I l l / b  \(‘ , I S  I t  1 1 5, 1 5 ’

I C  
~~~

‘ ‘ S S l l l’ I, ’ , I t ,  ‘‘/0) 1 1’s 0 , 1 1 ’  , ‘ / / ‘ , I  I V  I r . l I I S p O t ’ t I ’ l  , I ’ , / , l V  I t o :  t h u  p1~ ( t l ’

(I’ 1 / F / I l ’  g’ ‘ 0 / I ’ I os coit 1 ul no I I n ’  co i l  ‘ (‘0 1 101 1 ~I S V ’ I s i 1 .15 w i I I I

1 m r i i t l  I / I l l s .

‘I’ll,’ 1 1q 11 l ’ i  h I d ’ ( ‘ I ’ l l ’ I / / / / 1 1 , ’ F j  11 1 / / o , I~~ II1’ l’Il t low 1 , 1 1 , ’ . 1  I l l , ’ i i t ’ e

III ( 1 ’ ’  1 11111 ‘ i ’  I ‘ I i  110/’, ,” 1 C” I t c h  I oui i  I / I ’ l l ’  , t h  1 1 / 1 1 ( 1 1 ’ , l ( I ) I ’ l / / , /  I 1 ,11 1  s i l l ’  l b  I / I l , ’ . ’ 1 1 ’”

I)  I ’ I i  / I t’ I i i  ( ‘0  1 i ou t  I l l : ’  m~ 1 ‘ ( ‘of ’ ’  I ’ I gore  1

H I ’  - I , i t u S p I ’  l \  1 / ’  I ’ , ’ , b e~ /1 1 1’ S i m I l ’ , I ’ l m  F l p t ’ i ’ , I  t l u g  t Il I i gu l ’ t’ 2 1  ,t 1 t i e

l U / I l l  i , t ! l  i t  I I l os  1 , 1  t o  h i  l i / F l / l i  I 1’ H I S  is ’ 1’ 1111/’ , , ’ i t ” , 1 , 1 1 1 1/ i l s i l I g  t i i , ’ f , t i i

p I I )  1 / F  I , ’ / l ’ s  , t i l l ’  i / 1  . 11 ( ( p1  \ ( i l l ,  ‘~~ I ‘ I l / I / F  t I I  ( ‘ O I l  gil t I I ’ ’ p i t t  1’ .1  ( I I I  .1

I ~~i I ’ l l ’  I i t )  i t , ,  ‘ i t  I II h i l t ’  l i l t ’  ii, ’ i~ i n  t i l l  II  I f ( i l l ’ p 1 , 1  t I ’ i t Ii i iu I ’  I I  ‘- 1 ’ 1) I t t  i l l , ’

i i i ( ’ I I l ’ s I t t  ( l i p ’  , t ill o t u e  i 1 ’ F t ’ ’ / l ’ l ’ l ’ 1 1 1 1 1  1 ,/ S t ) I l ” , i , ’ U I ’ ’ I ’ I ’ l l ’ s / s .  t i l l ’ I i l l , ’7 l ( ’ S

.1 i l l / l b 50 1 ( 1 , 1 1  t i l l ’  F t ’ s / / f l ’, , i  / 1 Sf ll ’ . l \  t i l t / I l  t i l l ’ t O I l  / 1 , 1 , ’ , ’ l e  I l l  I~~ l i t , ’  p 1, l t I ’

S
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abou t  1.5 f ee t  below the  top  of the  p l a t e  and  t h e  u p w a r d  s p r a y  f ro ’/

t11 ’ bottom nozzle hits the plate about 2 feet above the bottom of the p la t e

plate. The nozzles used give a flat , fan type spray pattern with fine

atomization characteristics. Different sized nozzles are used for dif—
‘C

ferent f low 1/ ’ tes as f o l l o w s :

Flow Rate Per Nozzle ?0zz1e No. Equivalent Orifice Diameter

less than I , “
~ gpm T9510 5/64 in

1.5 to 2.0 gprn T9515 3~ 32 in
2.0 to 2.5 gpm T9520 7 ‘61 in

1 2.5 to 3.0 T9530 964 in

g r e a t e r  t h a n  3. 0 gpm T95~1O 5’32 in

To ach i eve the listed flow rates , the nozzle pressures were varied

between 30 a n b  70 psi. The spray atIgle is 95 degrees a t  tO psi and

ranges  less than ± 5 degrees for the 30—70 psi pressure range . When

the f u e l  evaporates completel on thc hot shing les , the burn ing r a t e

e q u a l s  t he  fuel supply rate. With , JP— L , about  a o n e — m i n u t e  p r e b u ru  m u s s

l’equired to heat the shingles to th is total fuel evaporation point;

hosu’cver , less time was required for JP—4 and methanol.

Three fires involving the two fan spray nozzles on the single

cc slit ,, ’,, in F I gure ’I . Figure 5 shows fires with two modules

111( 1 1 1 5 / 1 ’  t I l l  spl’,sv nozzles.

I i ’ U ’  1 , 1  her nozzle option etst p lo~’s a furnace burner and a ir I n j e c t  l o u t

to I i n ch  I t l I / l i Z e  t h e liquid fuel. The compressed a i r  a l so  su p p l i es

p t  r t  o f  t h e  oxygen  for  b u r n i n g,  A s i n g l e  t lozz le  IV ut S p l a c e d  i t l  t r o u t

o I t i l l ’  f t  re p ,i i iel  and  /1 j ilted upward  and  s l i g h t ly  i n t o  t h e  p a n e ]  as  11 ) 111  t I  t t i

i n  1”igct t’e 1. A ir injectiotl nozzle fires w i t h  hurtling r a t es  of’ :,’ .I and

3.95 ~P~I ar t ’  shown in Figures (5(a) and 6(b )  , respectivel y . No Smoke \V ,l S

v is i 1)10 a t  JP—4 burn I rig r’:I tes l e sg  th/ln about t 3 .5 gpn u W I  tO t i t i ”  CO i S p i ’ t’’4 ’41’ l i

*
The nozzles were Put ijet N o z z l e s  f rom S p r ay i n g  ~ y s t ’ elmls C O u n p / s u y .

it
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FIGURE 6 PHOTOGRAPHS OF JP-4 FIRES USING tHE AIR INJECTION NOZZLE
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l i t’ i t )  t O t ’  t O i l / it ’  I t  5th P S I , t i l l ’  I F / , I X I V / F / / a u t ’ t I l l , ’, I ’ . I I l , l l  i t ~~ t I  O~~~I’ ‘. 5 5 1  5 ,

li t ,  v i si b l e  S I / l o L l ’  V o l / I  i I l i I , t I l ~ ’ I l I l , ’ t ’ t ’ , l S l ’ , i  S l i t !  l i t ,  I io ’,~ ‘ l i t ’  , t t  l ’ , I t t ’ (’,

l,’t’ ~l .~~t gp l l l , 0 . g  . , l” igllI’e 1 0 )  5 i i ( t \ ’, l’, ’ ’, I / I , ’  ‘-‘ I l / l I L t ’ , t t  , t U ’  g p m l u  . t i l l / i

1 , 1  I t ’ s  ( 11 I t o  t t>  (i . 1 1 gp~m i (I V ’  (‘ 1’  / /

3 . 3 ‘i~~ I’: x t  i ( l g / i i S I i i u l g  ~‘ \ 5 t , ’ / l / s

I l l t ’ t ’ l ’ , ‘x t  i l l g l l i  1/Il i t I g  i~/ \ ’ 5 t e t I lS  5 , 1 1 ’ ( ( “ I I I  I l l  I x p , ’ t ’ l i ( l u ’ l l l / ’ i  w i t h  I l i t ’

(‘ I ’ l l ’ ( I I I ’  I I u ’ t ’ o ;  ( ‘ i t  ,I u ’o n t  i u i c t o u s l s  p t ’ I ’ ” , ’— / I i i ’ I ’ / , u ’ , b  I I I ’ S  C ’ I i t ’ I / / I t’ F l  , ‘x t  j I t g u l S I l l ’ t ’

( - i l t o su u i t t  t i g l t c l ’  I ) , ( 2 )  :~ 2 (1—l b Pk11 ti  I I ’ l ’ N i i t l g l I t s l l I  t ’ , ,~~u t , l  ( : ‘ )  S

/ ‘, I l , ’ I ’ l t ’ I I  Ii t’e e x t  i I / g l i i s i l l ’ t ’  1,’ O l I \ l ’ I ’ I , ‘ I b  1 1 1 1 ’  I i . ~ 11 )11 1211 ui~ t ’ .

101 ’ ( ‘ 0 / l I  l I m o / i s i S  pt ’ c ’ s su r~~~t I I I’S c h , ’ I I I~~’ 5 l  t’x l l / I g l ( i s I l t ’ l ’  i t~~~~l ’ / t  / 1 , 1 1 1 ,  S t I l l !

‘N I ’  , I l l , i  ‘,~ 0 I / l I l ’ X  11/1( 1 1 & ‘~t p , I c i  15  I I I  I I I  ( I l l / I / F / I S ,  Di s o l l , / , ’ g I ’ ( t i ’ I ’ ” s / l I ’ l ’  W,1~~

lll / l i l i i : l i i l t ’ t l  u I  100 , t , t I l , ot ’  2 1 1 . ) p s I .  i’ t 1511’ I ’  I p 1 / I ’  l x i  l l ( g ’ t i I s t i / l l l i  , l p , ’ / I l

I ’ t t l ’ ,i I ’ , u t u ’ s  a s  .1 I ’ I i I l C I  io n  o f  t i l t ’ d t ’ i ’ i u u g  p l ’ l ’ S s / I l ’ t ’ . is  1’ , l t i  Ot ,’ St I l l  I I I

I ” i g l i t’ e 7 ( a I  , 101’  .1 g v u ’ I l  t l t ’ i v i f l g  p i ’ t ’ss u l ’ t ’ , t i l l ’  P M t  I / I / I S I low t ’ , I I  I ’ I S

, t t t o i i t  23  p e r c t’t i t  gr c ’ , I I u ,’ t’ I l l / I l l  b i t e  ~/ i0 t h t ( u ’X I’ i o w  t ’ , t I  o .  ‘ ‘ ‘t il t ’xI I l / f l / l i  s I t i / I g

( ‘ t I I ’ ( ’ I  t \ ’ l ’ I l ’ ’ss ( 1 1 1 1 . 1  i s  ( ‘01 ’ 515110/t I t ’ xt  i t l g l l i S I I I I l u ’ I t t  . l o t ’  t ’ X , / / I I t I l t ’ , I t  p s i ’ ’ ’ S

0 1 1 1 1 / / s I ~‘p i c a l  I I t ’e s i l p p t ’ & ’ s S i O l l t e s l  ‘i 11, 111) I ’KP 111( 1 ‘. i O I l t ( t ,’X t ( I l / \ I b , ’ I ’5

i t t , u i ’ t ( ‘ l / I p I  / V , l s  / / l , I ( i ( ’  I t ’) ol i / ll i t t , ( I u ’  I l i t ’  l l I l l I l . l I I  t ” l I ’ F / / t ’ l l t  I I I  l ’ v , l l t t . l t i l ( ~~

,t g e t l t  t ’ t ’ t t ’ u ’ i  t I’ ’ ’ h I S S  i / I ’  s m l p p l \ ’ i t sg  t i l t ’  p owt i t ’r I I i t ’ o I i ~ 1I t wit I l l ’  tI l I’ , ’ l ’

1 1 1 1 1 1 1 . 1  (‘V t ( 0 /  7, I , ’n S i IP ~
) 1 i t ’ t I  I t ’OI l l  t i l t ’  50— t O  ho U t  I &  . ( Iou e v et ’ , i l l )  d:t I ,t

\ / l ’ t ’ l ’  t ’ O l ] PC I I ’ l t  I S ( I i , ’ ~ I I , ’t ’ I  ( ( 1 ’ 5 1 , 1 1  t I l l / , I r \  j I b  ( S I / i t  t~~ t I l l i l g  ( 5, 1 5  e x t  I ’ t ’ / / , ’ l \

s l u s h I V t , ’  t o  u v t u t u l  , t u s i  ( ‘ I t ’ l l  S I , ’ , ’ . ‘i 1 5 5 1 1 / I  i I , I I 1 i ’ i i t i g  t i l t ’  11111 ’ 1 10 7 , / it ’  W I ’ S

l l I u i C t t  / i i I l t ’ t ’  ( “ I  I ’ , ’t ’t’ I v i ’  , l t I ( i  (‘1) 1 1 , 5 1  - .1 I ’ i t i  I l l  e x t  I l I p / l i  5 1 / 1 1 m g  t t t ’ S  I I i , ~tt , l tP t ’ (,‘Oll I —
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- l  , ( /  EX 1 ’ERI ’ I :’c ’l’ .\ i ,  ~ t:~~t ’i;I’s

1 .1 F l  ru ’  L ’h , l l ’a c te l ’ i s t t , C s

‘FOe obse rved  or c o n t r o l led i i  I.e C O / t r a c t  t ’l ’i st ics were b u r n i n g  r ,i t o

(wh i ch was  t h e  f u e l  f l o w  i ’ate  wh en  no excess  f it e l  f lowed to the  s u m p )

f l a u i u e  t e l l lper / I  t or e , f l/ l in e  511,1 pe , smoke p roduc t i on , and  t h e r m a l  ra c i l  a t  I on

‘t ’lu’se pa I ’ l L / / e lm’s wel’e e X/ l i l t i ne d  05 ,1 fi,tnction of fuel t y p o  a n d  w i n d

COI’l (I i t iOns  . 1 i l l / I C ’  511.1 DO’S , smoke  p r o d u c t  i o n  ~t n d  w ind e f f e c t s  were

t’ t ’Cot ’ t l V ’ ( I  si  tO super  8 t i m e — l a p s e  a n d  35mm st I 11 p h o t o g r a phs.

,ive rage  f l am e  t emp e r a t u r e s  f o r  the var ious fltel a l l / I  nozzle condi —

Lions  as  u I I e , l s ur e d  si  t O  a t e l e s c o p i c  r ad io n l e t e r  f ocused  on t h e  c e n t e r

of  t h o  f i r e  p . lnel  wet ’s :

F’ctel N o z z l e_ T y p e  ive rage Flame Temperature

‘ J P — l  f :~n SpT’ ,ly 1, 590°F

f a n  s p r ay  1, G70~~F
m e t h a n o l  f / n  s p r ay  < 1,400°F

air itijection 1 ,780°F

‘rho t nej s~t~ ’emu f l a m e  t em p e r a t u r e s  v , l t ’ i ed  sev e r a l  h u n d r e d  clegi’ees be tween

t e s t s  I l si t ig  t h e  5,1510 f lt e l  and n o z z l e  t y p e , bu t  t h e  v a r i a t i o n  was random

a rid d i d  ito t appeal ’  to depend  on b u r n i n g  r a t e  or w i n d  conch i t  ions  . Flame

t elulper .1 tu  res fo r  m e t h a n o l  were  less t h a n  1 , ‘1 001’ F’ , sth ich was t h e  m i n i  11111111

‘ ‘ / 1  ~~(‘ 1’ ,l t Ul’I! t h:t t We co~u 14 me/I  st t  ro

‘l ’Ilerm:l 1 r a dj a t  lo l l  levels were  measured a t  a location 10 feet

cl i r e c t i v  i n  f r o n t  of the fire panel. Fi gure 11 shows r a c l i a t  ion  l e ve l s

t s  , t f u n c t  i o t m  o f  b u r n i n g  r i  to  for f a n  s p r a y  nozzle JP—”I fires on t he

Oi l  (‘ i l lO dU to  pa no ]  . Fh esc’ d a t a  (Vt ’ l’ 1’ Sep/I r, t  t t ’tI  i n t o  t h r e e  \ Vj  t t t l  s flI  ‘ I ’ l l

c,i t egor it’s , sb i ch in t o n i  \ V e t ’ t ’  f i t  ted bs’ least squa i’es Ii i t l ’ , I  1’

2 1)
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l’ I’ /2~t’ I’S5lOlIS ( s I  i’ . h ig h t  li utu ’s in Fi gure 11). The ut’ i riil  d i re c t i o n  ‘.1. 1 5  ~ i t l t i t i

3 , !,‘bt’l’l’ ’S o f  1101’S/l i to the  p a n e l  for a l l  recorded tc ’st  s .  \s c.tn I I I ’  st I ll ,

I li’ 1 1  ‘ . 1 si  t t g  w i  t td speed s decrease t h e  r a d i a  t I on si I g u t  l v  . Th I S u’ I ’ du c  t loll

i s prol>ab l v  due to  ati  i nero/I so in t h e  di s taflc/’ from the r ,t ( i  I D / / I l  ‘ t  or t o  t i l l ’

l i  ‘ ‘~~t ’s , t O t ~ h i gh  1 0 / V  inds tenditi g to hold the f l al l l e s  closet’ tO t i e ’  p , l / / I ’ I

F’i g / lr e  12 sllo’ .Vs t h e  l i n e a r  r e g r e s s i o n  f i t s  of I ’ a d i , t t  i on  ( 1/1 1 .1 101’ the

v.1150/ IS f u e l s  ,uitcl nozzle condit ions. iti this case , l i / I l l  f o r  a l l  w t t i d

sp, ’l’ i ls s I r ’ ’ (1 ’4 C ’II

‘ iin e e  ( ‘ I / I ’  t l l t ’t ’ !/ / , l l 1’/ l d i / l t i O f l  e l t l i t t o d l  0’,’ 1 f l _ I / l I t ’  v / t r i e s  w i t h  1 1w’

‘ I / I ’  t O  ps i’ of the  t en lp / ’l’ , I t u r e , r e la t i v e  f l / i sle t e i l lp e l ’ at u rt ’ s  C . I r .  he

C’ I t ( ’ / / l . l t ( ’ l I  1 1 0 /  t h o  r , td i , /t i o n  I I , l t a  i f  t h e  t ’ / / h i S s i V i t \ ’  i s  t ile  sam e  in  , t 11

(‘ ‘ S I ’ S . ( l i t  t O ’ ’  iI ,ISiS ol’ pi l ot o g t’ , tp h I c  ( ‘v i d ( ’ I IC I . ’ , t h ’ ’  f l a m e  ar e a s  f o r  /1

I ‘‘0 t u t ’ l  I I 1 1 ,1 1’ / t l ’ ’, ’, C t ’ (’  a ssuiiued to h I ’  e q u a l  for t h e  d i f f e r e n t  f u e l s

( t I l t  / / l S ’ / l e  t~~~p ’ s  ‘ s i n g  t h e  3 gpm f/It ’l flow ( t a t , I  St i l l  a temperature of

1 1 1 111 1 1 1~ / , : , t / 0
l 1 )  f or  ‘JP— -I t I l l  s p u ’  I S  Iios,,l.’ f ii’~’s / 1 5  a r e fer e n c e, O th e l ’

‘ ‘‘1110’ ‘) ‘ , l  i / I  t ’ , ’ ’ 4 ’ ,l t ’ t ’ t ’  C’ I I ou  1,1  t ,  ‘ II  t o  h I ’

i ” l , ( n l e  l t ’ i i ii p I ’t’ . I t  (I t’C (‘ 1 I C / l i l t  ed
I / / i No,zlt’ l’ pc’ fo o l s Ra c h i , l C i o n  Da t ,I

.1 I ’~ I I Ii spriy I , 590
S

F’ ( n t  f er e u lc e )

C)
. 1 1 1 ~~3 t I l l  “Ip I’ I \  1 , i, - I l b  F’

I)
L I I ’  I 11 1 0 , 1 1  f / I l l  S f l t ’  I S  1 , ‘ l a ( )  F’

t P -  1 t i n  i n ,j t ’c t  iOn  1 ,800 1”

‘l ’I I I ’ ’u ’  ( ‘ / I i C l t l S t  t ’ , t  t i . l ’ / / I ’  I l ’ I / I p l ’ t ’ . l t U t ’t ’ s  cottip a re q u i t e  w e l l  ‘ V I  tO t h t c ’  i1i~’ l ’ I’ l ge

I l l / / I t ’  I l ’ / / / f l l ’ i ’  t u n e s  / / I l ’ , l  ~ I l ( ’ l ’ I I  W I l i i  t h e  t e l e s c o p i c  t’ , i d t o n u p t t ’ t ’  ~‘xet ’pt (‘o r

0
‘ i l l I / I T / I l l , ‘ , l l I e I ’ e I t ie t I  l C I I l , l l ’ t’tb t t”IIlpe’(’/ l t  I/i’ ,’ I ’S It l t ’ , I s t  0( 1 1’ , I l t 0 ~~’ t ’  t h e

I / i l  ‘ 1  s / t I ” ”  V . 1 1 1 ( 1 ’

f i r e  1 0 1 1 4  fOT ’ s l ’ V O t ’ , ( l  ( I i  t I I ’ t ’ e f l t  tv i ticl . I n i  ;is,’, z l e  c o n d i t  i o n s  can

1 “11 ‘I ’ll I l l  t i l t ’  pIt’’ I ~~~ I I  pits 1) 1 i’ I git  t ’ I ’ ” l  ‘ 1 — li  • i l l  0011gb 1 1 , 1 1 / / I ’  1 i’ t’ .u s vt’

ri ot m(’,t”iti r’l’ l I , 5(’t,’ ,’l’,l I ( f l I t i i  t , I I ’ l ’ ,’ I ’  Otl ’SI’ t’!,’ , I f It )iI ’S (‘.111 Ill ’ Il l/ti l l ’ ,

£ 
_ _
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J P— ’I a nd  JP—5 f l a m e  shapes  appeared  to be the same for equivalent

fuel flow rates . The JP—5 flames were a darker yellow than the JP—4 flames ,

flames, Methano l flames are virtually invisible in bri ght sunligh t ;

consequently , flame shape or spectra are not known .

W i t h the f an  spray nozzles , the flames covered the entire plate

except for the bottom corners and exhibited a n  approximately un iform

detisity for flow rates above 1.5 gpm for the one—module C I S C ’  i n  no w i n d

conditions and above 2.5 gpm in all wind conditions. For lower flow

u’,it es the flames from the bottom nozzle separated from the top nozzle

flames. Figure ‘- 1 ( a)  shows a s l i g h t  s e p a r a t i o n  be tween  t h e  u p p e r  /1114

lower flames for the 1,6 gpm fuel flow.

B u oy a n c y  e x t e n d e d  the  f l a m e s  up to 10 fee t  above the fi i’e p/tne l , hu t

un d e r  n o — w i n d  coe~~i t  ions  the  w i d t h  for  a s i n g l e  module  r e m / l i n e d  ,/ ) ou t

I f e t ’ t  . Any w in d , and e s p e c i a l l y  c ro sswinds , would  t end  to wra p t h e

f I , I I / l m  ,i round  the  p a n e l  an d  w i d e n  the  f l a m e  a r e / i s .

I r t cr t ’ , I s i n g  t h e  f u e l  f l o w  r a t e , and thus the b u r n In g  l’, l t e , o n ly

sI  ig h t ’ l v  it lcr eas e d  t h e  area  of f l a m e  as  v i e w ed  f r o n u  i n  f r o n t  o f  t h e  f t  t ’ t ’

p , t n t l ; 1 t, i s e v t ’y ’ , t h e  f l a m e  d e p t h  i n c r e a s e d  such that t h e  v o l u m e  of  f l a m e s

a p p e,t  red ‘ o i l l ’  a p p r o x i m a t e l y  p r o p o r t i o n a l  to t h e  f / t e l  f l o w  t’,t t e ,

‘i’h , ’ t i n  s p r a y  nozzle fires produced ,l s i u b s t a n t  1, 1 1 , 1 / / / I l l I l l t  of hl,tck

smoke , pI’Oi)~th ) lS’ ,15 il l / l e O  /1 5 /1 pool fit’e of t h e  5, 1St’ i ) U n t i i n g  I’ I t t ’ . I I ’ o i t ’ , ’ i ’ ,

h i t  i i ’ ’  i t t j~~e t i O r t  t t oz z l e  f i r e s  ‘.‘, ‘ ‘ l ’ l ’  a lm o s t  s i i u o k t ’ l , ’ s s , t I 1 1 , 1 5 1  I n , ’

t ) / I r n u lg  t I l l ’ s  of l t ’s ,s t b/i ll 3 .3 gpnl 111(1 ( l i  O i l ’  f l o w  t i t l ’ O l / C l I  I i t t ’  I / i l / / l , ’  O f

, l i ) t ) U ’ 2 ih sec • ~~o/ / l e  snuoke appea t ’s a t  h i g h e r  t t u r n i n g  :‘ I i i ’ s , I S  5 1 1 1 1 / / l i

(11 F i g / t I ’ ’ 1 ( h )  I I ) ! ’  ‘I  f t t t ’ i  f l o w  ( ‘/110 of  :1 . 0: l / P ’ / I .

i i (( ~ .1 i t ’  i l l  icc t ion no i,z Ic f i 1’s/I we t’e mo 01’ (‘ t i l l I (‘ .1 1 i t t  s t l  I f l ,  I l I t  Ii I I I I ’

I I l l  S p t ’ I V  / I I ) z z l e  f i lv’s / l n ( t  had ~t n  . l l m o ’ S t  ~ ‘tu t I ’  I I  1 4 / I ’ , h u t ’  . l ( ’ I ’ . l  t t f  (1,11111 ’
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as viewed from i n  front of the fire panel appeared to increase in pro-

port ion to the burning rate. The wind did not effect the flame geometry

appreciabl y.

1 .2 Extinguishment af the Fires

In evaluating the design of the cascade fires it ((‘as necessary to

do some suppression tests using methods and agents suitable for combatting

accidental aircraft fires . Three agents , namely, PKP , Monnex , and

hla lon 1211 , were tested on various JP—4 , JP—5 , and methanol fires . Ty p i c a l

suppression results with the various agents , a p p a r a t u s , and techn iques

are shown in Figures 13-18 .

Figure 13 conta ins data for the extinguishm ent of fan spray nozzle

JP-’-l fires with P K P .  The continuously pressureizeci dry chemical extin-

guisher was used. Data are shown for PKP flow rates of 0.65, 0.75, and

0.91 lh’sec , which correspond to driving pressures of 100, 150 , and

210 psi , respectively. Most tests were conducted w ith wind spee,,~s less

t h a n  10 mph , but the solid data points are for higher wind velocities.

The wind direction was in the quadrant from ~4 5~ to +45
0 

of perpendicular

to the fir e panel for all tests. Fires with high fuel flow rates appeared

to be sl ightly easier to extinguish with increasing wind speeds. This

w i t s  especially true when the wind direction was nea t’lv norma l (head on)

to th e fire panel as was the case for the data shown in Figure 13(a).

Cornering winds seemed to make the fires more difficult to extinguish ,

although the effect was minor until the ang le became greater than 45
0

from norma l to the fire panel , at which time testing was discontinued .

The minimum powder application time or ext’inguishmeti t t ime w, 1s 2.5 seconds.

Fi gure 14 shows data for PKP ext itiguishmen t of ‘JP—S and methano l fires ,

Onl y P1W flow rates of 0.75 and 0.91 10 sec were t ested with these fires .
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0111’ ( l a t , 1  p o i n t  for  I P — 5  t e s t s , na iu i e l y , a ‘ 1—second ext i ngu ishnuent of ,l

‘l—gpm fir,’, appeal’s  ou t  of p 1, 1cc a n d  w a r r a r u t s .l c o m m e n t .  hI t h i s  t e s t ,

a 17 .5—mph wind 010//jug d i  t’ectly towa rd the fi l’s panel appeared to

cotifinc ’ the fire to a smaller volume than with eith er a low wind speed

or a corneri tig 11(1 , and the fi re was ext i ngu i shed 1110CC ( “ 1  SI  l v  t i l / I l l

expected from results of other tests.

A eoc~pa i i  son of  F ’igu l ’es 1:/  .111( 1 II shows that h i g h l ,’r b u r n i n g  r a t e s

c o u l d  be e x t  i ngu  501 /i for .JP—l t h a n  for JP—5 . The flax i m u m  f / I c ’  I flow of

“ / et h a n o l tb / I t c o u l d  he e x t  i~ig u t . shed w a s  between t h a t  of ~JP— i /111(1 JP—5 .

‘1 l l O / ’ ,’ I ’ V u t’ , t I l l ’  ‘ ‘ X I  i l l g u i s l I I / l I ’ i lt  o f  I n e t h / I n o l  f i r e s  was  i nip a i l ’ l ’ I l  by t he  l i i  f f i —

cu I t v  i n  s e e i n g  t h e  f l u/ I r s  l u / / i  d e t e r m i n i n g  whel’e 1i101’C’ I X  t m u i  s h , m n t  was

I / t ’C( ’S  5,1 l’V

I” i gure  13 ‘iho’,~ s do t ,i  f o r  ‘ lonnex  ex t  i tigu i 5 1 1 / I / t n t  o f  , J P — 1  a n d  J 1’— 5 fi res

i o t I t l e X  /1 ,15 a p p l ied  a t  f l o w  r a t e s  o f  0.61 a n d  0. 7 1 lb  see , w h i c h  were

,l hout  23 percen t lower th an the  PEP f l o w  r a t e s  a t  t he  d r i v i n g  p res su res

of 1511 and  210 psi , i’espcctive lv. l’nder these conditions it was  possible

to extinguish slig htly l a r g t ’t’ f i r e s  with the Monnex th/ n w i t h  t h a t  same

we i gh t of PEP. A comp/urison of Figures 13(a) and 15(a) shows t O / I t t i l e

‘v inc i  e f f e c t e d  t h e  PEP extinguishment more than the \lonnex ext i ngu  i shflleiit

h owever tO i s w as  not l) ( ’C , t  use  of d i  f fer e n ce s  in  cha 0.1 Ct  Sr i  st  i es o i PEP

nd ‘. o nn ex  hu t  due to (Vj nd di  rec t ions occurring dun tig th e t ‘St  5 , vii t e l l

0
(‘C i ’ , ’  t i I ’ , l t ’ l \’ norma l f o r  t h e  PEP high ‘,vL nd t t ’s t s anc l  I l l / l o S t  15 I ’on~

n o r m a l  d u r i n g  t h e  M ot i l l e x  0 igh  w i n d  t e s t s ,

Bat  ,i f o r  t he  exg i  ngu shnlent  of  h P — I  a n d  h P — S  f u e l  f i r es  wi  t ii t h e

h und—h eld PEP extinguish et’ are shown i l l  F i g u re 1( . M o st  of  t h e  I i , t t , l

f o r  t O t ’  . J P — ’l f i r e s  ar e  f o r  w i l u l i s  gi’~ ’ u t ’ ’ i ’  t h , l i u  I l l  f llp h , (VII I l t ’  t l / ~) / I (~ 101’

, Jj I _ 5 f t  r e / I  ~ro f o r  a i n c i s  less  I h , t t i  10 lnph
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I”i gul ’e 17 shows  cia t / u  fo r  t h e  ( ‘xl  i ngu i shnletl t of J P — 4  and  ‘J P — 5  f u e l

f i x’es W i t h Ito loti  1211 . The ( 1, 1 t , l  shout’t i ,u re f o r  /1 t w o — m o c l u  le f i  re p~~1 l / ( ’  1

(8 t ’ , ’e t  w i d e  by  8 f e e t  h i g h  ‘,‘;i th  f o v t t ’  f , sn  sp l ’ . l v  n o z zl e s )  . A few t e s t s

were clone on t h e  s i n g l e  p , ln c ’l  et i tp lov cc i  i n  t h e  powd er t e s t s , b u t  i n  a l l

such C,I ses , t h e  e x t  i ngu i sh l l l€’nt  was v I  ‘ t’ \’  r,i p i ( I , o c c u r r i n g  i n  less t h a t i

to i’ce secotids even (Vi t II t i l e  I1I / IX i l l / t I l l  f u t ’ l  f l o w  i’a t e of 6 ~~Pll1 . Wh en

d i s ch ar g t ’d  .1 t a ( h i s  t an c c  of  21) fe et  I t’olfl t h e  p a n e l , t h e  h a  loti 1211

, Ip p c / u r e d l  to be uno st  1y g l s t ’ ou s  b y t i l e t i t iuc ~ i t  u’ s ,i che d  t he  f i r e , as  C , I f l

he seen in  1”i gure  10( 1)) . Aga i n  , I I I  - u / i  11(1 di  ci not  /1 f f e c t  t h e  ext  i tlgu i s O —

met i t  t i m e s  . llous ’ever , i n  ,s i i  C/I ses t h e  a i lid (V/I S 1 imost  l’Ol’ill/i  1 to t h e

f i r e  p ;t n e l .  A c i ’osswi tid  p r o b a b l y  w o u l d  d i s p e r s e  t h e  I l/ l ion  1211 S t u ’ l’ , I m

1110 l’e r/l p id  lv , 11,1 k i  r ig ext  i ngu i shI/ len t iilore cii f f i cu I t

E x t  i t i g t ,t i  shunen t  of  t w O — n l o du l e  (8  l a s t  by  8 f o o t)  f i r e s  w i t h  PEP , its i n g

t h e  cotit  i n u o c i s  l v  p r e s c ui ’ i xcvi e x t i n g u i sher , (V/I S a l s o  ,1 t t e m pt ed . h o / I  ‘\‘ l ’ l ’

we w e r e  un/ l b le to ext i t/ g u i sh a ny  of t hese  f t  (‘Cs even w i t h  til e m a x i  u nui tu l

f l o w  ~) f 0 .91 ii) sec /11/cl t i le 51 i l / i n muum JP—4 fcu e 1 f l o w  of gpm (0 .75 gpm

per n o z z l e)  . As Can be sec’ul i t i  F i g u r e  13 , we ext it/guishedi JP—1 fires of

1 .5 gpm OIl the one—module p,Itiel in low wind cot/chit iOtl S at/ cl  up  to 6 gpm i n

h i g h  w i n d  conditions. Therefore , t h e  ease o f  e x t i ui g u i s h m e ri t m u s t  depend

011 t he f i s’e p a n e l  a re/i as  n e 11 as  t Oe  f u e l  f l o w  1’/i t I,’

F i g u r e  18 shout’s d / l t , I  (‘or t h e  PEP e x t i n g u i s hm e n t  of ,JP—4 f i  rE ’S

p r o d u c e d  w i t h  the a i r in ,j c’ct ion nozzle. W i t  ii t h e s e  f t  res I lIel ’e i s a

n a r r o w  t t’ansit ioti fuel flow region below w h i c h  t h e  fl / 1n1c ’s ,Ir ( ’  ext i t l

gut i shed r a p t  d l v  a n d  a l)ove  wh leO ex t  i ui gu i slifll etl t iS i I1IPOSS i i )  Ic  fo r  t he

g i v e n  PEP f l o w .

3 1
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‘rise c.1 / I C . /  / 1/ , ’ f t  t ’C ’ ~I 5 c b s  i gnecl  iS  a uve ll de f  i n ed k t 110111,1 t i c f u  t I  f i m a ’

, l / I l ,l ppe l t’s to  be SIt S t / l l ) 1 C  fo r  t c ’ s t i t i g  C O d l i i t e l ’ / T / e ; / S l . t l’eS fos’ t h e  s p m ’  . u i n g

.1 11( 1 p o / u r i n g  f u e l  f’ j u’ , ’s i’ ll/i t o f ten  0 CC/ I l ’  i n  a i r c r a f t  , / c c i ( i , ’ 1 l

3 , 1  The F u e l  h i c u r n i  r ug  I t / I  t o

‘l’hc f u e l  b u r n i n g  i’/ i t c ’  i s  con ts ’o l l ecI  by til e s p r av i t i g  I ’ l l  I , ‘ I ’he

burtiing r,ite of 0.2 j u i  I / i n  p01’ sqU/ ir e  i tich of b u r n i n g  s / u 1 ’ f , / c s ’

(0 .)  ~ 5 gpm ‘f t )  , g i ven  i ti  t O t ’  I t it r o c lu c t  i o n  as t y p ic , 1  I of s e ve l”  - f t  si’ s

‘‘‘ itO .JP— -I and J P — F t  f u el .~ , i s  a p p rox i u n a t e l v  / flow’ of -h gpnu 0( 1’ t l m i ’

- I — f o o t  by S— -foot f i r e  p a n e l .  W i t h ou r  :lpp/ l s’; It u s  , b v t r n i t i g  5’ ,~~ ‘s of

1 ~~~1’0X i lls/I t o  lv  1 .5 to 6 gpm a 1’V p0/I / I  i 1 l o  . TOo SI t f l  nI i l l l /  burui i u lg ra ~ ‘ ,

‘ i l l ‘ ‘ I ’ L L / i h i d  by t h e  p o i n t  / s t  w h i c h  t h e  f ’l , Im e s  i n v o l v i n g  t h e  f u e l  f rom t h e

ppe t’ ,S lid l ower  n o z z l e  spr/ s  ~‘5 nserge to p r o du c e  /1 coil I i nuous  f i y e , occu l’s

I t  r a t e s  o f  1, 5 to 2 . 3  gpllu . The wiu ic i  i n c r~’ast ’s t h e  s p m ’ .~v i t ~g s’/ i t e

r e qu i  i i’edl to  pt ’ev ct it  f l a m e  Sep//v/ i t ion ; e . g .  , ~i 1 5 — u m m p h wi  t id s’eqrti  5’ t~’S t h e

2 .~~’ — o p / l s p s ’av i t i g  u ’ ;st e .  At  sp s ’ I \ ’ i n g  r a t e s  c / r e / t e l ’  t l l / I t l  / 11,ou t 6 .0  gpn/ ,

- / 0 / I / i ’  I.) f t h e  f u e l  does not b u r n  a l /c l  r u n s  i n t o  t h e  c o l l ect  i 011 t 1’0ai411 / 1 1

t i l l ’  h o t  t o l l u  of fire p/itiel , ;‘l t’ldI thes’efoi’e , tile 1)/ I rI S i t 1~Z r . l  t 5’ is 1~~ss t l i/ i l l

t h e  ap r ./  \‘ i t ig r I t e .
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,1 ild ( 2 )  t h e  ab i l i t  v to he,i t t h e  Fr o n t  s / I t ’  f / C l ’  o f  t he  p l o t  e

‘h’ o get t h e  f t  110 /1 t O l l I  i ~ ,l t t o i l  of f u e l , i t uva 5 t lec( ’s~~, l t ’  V I 0 Cli/ 1t Ige

t h e  111)77105 f or  c l i t ’ f e s ’ eis t f l o w  l’, l t ( ‘ c  , s t i d , l p p l v  a t  li’,i~~t 31) p c i  pl ’ r ’s / I / t rc

I t h e  n o / / i  es • as p r e v i o u s ly  i ’x p l , s  1 t I ed . ‘s o / I  li’s p l o d / I d ’ ! t l c /  1, 1  l ’gel’ d t ’ops

w I n ’  uS ( ’I i  i n  p re l  t ill ill/i l’\’ I ’Xpt’l’iulI,’ tI I s an d  f o / I t I d  t o  pes ’li ui  t ‘4 0/U, ’  o f  t i l l ’  fu i e l

Ic ) I ‘“/d’ .l p I ’  u t rs l i t , ir t iecl  
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- -  0 -t I / ‘  I U 1’ ’ ’  I I I ) ’  i l  I ‘ ‘‘I /p ’ ’ l ’a  t~~u t ’ i ’”/  o f  / , ‘/  t o  1 1 1 1 1 ( 1 I’ . - , l I ’ ’ ’ /  1 1 1 1 ) 1 1  I t l g  h P ~~h 0’ I P— a

. 11 / ’ ! , ‘MO to c/Il/ I F’ ‘ ‘;iIi’II hutrn I l / c /  m e l  11 , / ISO ] , (Vh u li I 1 / .  - 0 / c i ;  p 1 1 I I ’  ( S I  S I i  ~~/ l  i l l
0

:1.1 I t / I ‘ i t  I / I / I  a t  1 ess I l i/ I l l  200 1’

.2  1111//I ~, 1 l l ’ C t S  OIl  1 1/11110 E x t i n g u i s h l i l e t l t

As p l ’ I ’ v i o / l Sl y m e n t i o n e ’ l , o n l\ ’ ”.v i t ld d i  s ’e ct i on s  t i s , i l  ‘‘:1’ u ’ t ’ ’’,’l 1 1 / 11/  t I / I ’

I )  0

ql t / / l l ’ / t i t o f  — 1 5  t’o ‘‘ 15  C r0 1/u 11011111.5 1 to t h e  f is ’ e  pa t io 1  ‘ ‘ i / i ’  P ‘ ‘ ‘ ‘‘ ‘ l i t  t ol l  l l l

t O ’ ’  ( I ;)  1 - 1 of ex t  i ng t i i s i l l / I P n t  l ’ i ’ s/ l l t S .  ~ s lotig  as t I / I ’  ( V i I I I I  ( u I / c l  11) 1 1  “ / 5

‘V i  t h in  ti/is q U / l ( h 1’/’I l s t , /11/Cl  be low 18 t uu p ii , l i i i ’  l n . l x i l u u u m  v e lo ci  t l ’ X . / / I / ! l l e d ,

I h ‘ I i t ’ l l ’ s  I o ext  I t igu  I sO ‘‘‘en ’ w i t h i n  a b o u t  ;~ 3( 1 p e r c e n t  of ’  t ’ l l l ’  .1 (‘ ( ‘1 ’  I gO

I l l / I ’ . h h i g Im ((‘111(1 sp e n d S / I n / I  c lose  to h i s  11011/ I ( i il ’ec t i o t i  m a /Il ’ i ’ x l  i n g u u  i s O — ’

f l u e n t  s l i g h t l y  e ;i s ier .  ‘FOe so l i d  f i r e  p a tie i , I S  c o n t r as t e d  t o  a f i t ’ e  Oi l

I ‘4( 1’S” ’  ri , nh I ch h a s  been used ill pr ev i  oti s kinc ’i l t / l  t i c fuel Ii s’e I O s  I

l p P ( ’  I I’S I C )  I / / l i / I ’  t i ll ’  (lependlc’ncc’ of extinguishment )‘OsltltS , ‘I l l  (V i t I (1  V/1 1’i

I 1011 5 l n a u ) / l g e; l i l i e ,

(‘ u’ossw i 11(15 of a c l i  m ’ect  l ol l  g r e a t e r  t O / I n  115
0 

froln the t ior~ssa I dli reef i I’ll

0
I l l / I  I ’ ’L p I ’ ( ’ l ; I  l i v  t h ose  of  / 1 d b I l ’ C ” c t ( O l l  g r e a t e r  t b l ; 1n  9() , c / 1 ’( ’ I t  l v  i / n p / i l l / I

‘x 1  i i l g t l l  s I n ;~’ ’n t ’  . Wi l b  t I l l ’  I ’  w i n d s , mru ch  of  t i l e  f c u o i  sp i ’  I S  V . 0 / / I l l  l i i ’

,,~~~~~‘ 1 1 0 /  l i / i ’  p01101 b e f o re  h/I1’ I i i I l g ,  /111 t h t u e  f i r e  , / l ’ l ’ . /  5V0/ I i l t

1 1 1 1 1 ’  1 5 1 :1 1 11 ( 1  I / l i t  ut’e I 1 — d e f i n e d . I l / c  ~~C O S O i l  t 5’’,’ i t ) g  I I )  i ’x t  i l l g /I i S1I 1 1 1 1 ’

t i  / ‘ I ’ ’ , I) t i l d  t he r e f o r e  n o t  bs ’ a bl e  to , lp p r o/ I c O  l O i ’  f i re  a s  ( ‘ l I ) ’ 4 I ’ I \  I S  w i l ( ’ I l

I l I ’  i t t ’  I (h i  1’ I c t  I dill ( V I  S c l o t~~’~ ’ t o  1)0 l ’itt;l 1



For a cascade fire test facility, it may he worthwhile to design

an .l ppa s’atus that could be rot//ted so that test operation would not

d epend on wind direction. In our case , the prevailing winds at the

t est  site are such that the direction is usually within the proper

qu ,/ d lr , l nt

5.3 Adjustable Fire Panel ~tze

Afl /idljtt stOb lI.’ f ir0 ‘t ie  for test ing various types and sizes of

e x t i n g u i s h i n g  sy s t e m s  ‘ X I S  t I n t  i f i e d  as a d e s i r a b l e  f e a t u r e  of the

appa r a t u s .  The f i r e  p/ i l/ e l  is db e s igned  so t h a t  each 4-i’Oc- t by 8— ”oot

soction is .1 nodule , and I f l o d b t t l e S  can be added as desired . Most of our

t e s t s  were done w i t h  ,just  t h e  one module ; however , a second modu le  was

addled for /1 few tests , part icularly the Halon 1211 extinguishment tests.

1
As WaS stated in t h e  Phase I report , to evaluate extinguishment , i t  is

inlpo l ’tant t h a t  the  f i r e  is not overwhelmed by the extinguishing action

ouch that the fire challenge the extinguisher abilit y.

A ono-unodu le  f i r e  p a n e l  s u f f i c i e n t l y  c h a l l e n g e d  the  d ry  c h e m i c a l

e xt i r u g u i sh i n g  sy s t e m s  t h a t  were used . The f i r e  s ize  ( fu e l  f l o w  r a t e)

com,tlci he adjusted from easily ext inguishable to impossible to extin—

g u i  sO .  h owever , /1 two—modrt le p/Inc I gave a ft ne that could not ext i ngu i shed

by Otis’  dry chemical extinguishitig systems,

l”or the 11/1101/ 1211 system , the  two—module f i s ’ e  p/mel appeared to

be ,l good s i z e .

‘FO e I’e .1 ppear  to he no f u t l d h , l l n c n  I i l  p roblems  i n  a dc l i  ru g  F i re p / lu / e l  tuiodu loi-s

ex c ep t  t h a t  t h e  fuel aticl nat er r eq tt i r em en t s  in c r e a s e  direct Iv sci tO fire

I I I ’  I ,( I’e,I 011(1 ma become cutnb ersoine  a f t  en ’ two d) 1’ th rec’ modu it ’ s

I t  a ppca s’s tli.i t (h i  f f 1  en 11 v of ex t  i ngu 1 shni ell  F I s I/Of di  rect  I y pro —

por t  ion. i l to f i r e  p a n e l  s ix , ’ . Two eX , I f l l p l l ’ 5  S/ t pp or t  t i s i S co n c l nt s i o t i

1’ I l i t , i t  c/I n i)( ~ Se Pfl it s I i  g l ir t ’  1 3( i ) )  I l l  u f  .1 I — c/ p l l l  h P — I 1’ i no all I Il ( ’ one 



f i u ’ e p an c,’l C I I I  be t ’x t i i i gu i s he d  q u i t e  1, 1 / I l  I \  , /I~~/ l , / 1  1/ / V i t l l i I /  ~1 S t o o l / / i — ;  ; i I

‘ o 0 .75 lb  SOC PKP f l ow . \‘et , /1 Ii gplul l i i i ’  OI l  .1 I ’ , . , i  ‘ L L I ) / I / / l e  I t t ’ ’ ’  l I t  ‘ 1

could  lOt be extingu i shied I / V  1 , /I)  e x t i n g ui s h’ ’ u ’  o p i ’ I ’ , i t Or s  , o ct tug s / l i / U I - ’

I l i l e O t i S l \ ’  / 1 S i l i g ’ PIU P e xt  i t i g u i si i eu’ s  w i t h  0 .78 , lnd  0 . 9 1  l i i  ‘5 1 _ C  f l o . ,

Ju l a s I ’ C I ’ I Id l  e x a ll l p i c ’ , t l s i l / g t i ’e  11/1 101/ 1211 e x t i n g u i s h i l l g  s V s t  I ’ ’”, , 1

c / - c / p :  I i  re 01/ 0 OI i e — I 1 1 O C I U 1 c /  p / l i t ’1 u ’ eq ui i ’ c c l  0 l i ]v  ;~ s h o r t’ h t i i’ l o h  e~~ t r u —

g o / s b / m t 1 20 p o u nd s , wli i Ic  a 9—gp lu  f i l l ,’ Ofl /1 t ’,’,’O ’ ’ I I I ) d t I I / ’  p 1 / I c ’ 1  I ’ I ’ q / l i  t ’”c/

i~2 poun d s of h a  lou i  1211 /11/ cl ,i lO— gp lls  f i  s’e conu ld not i i i ’  c x l i  1I~~l 1 i sO ‘ 1

A l t h ou gh  a qu/ ’u l l t i t a  five basis fot’ difficulty of l ’x l i n g u i s h n l ’ / t  I l / s

‘1 no t  iieon “c 11—dc t i t l e / I  / 11/cl is , i n  f / l e t  , 11,1/ICc! 01/ di  f Fe I ’ d / l I t  en t o n i / I  fo u’

tO e  1 /0  (‘x,lmplc/; I l l l ) V V ’  , t h C  t x/ M ap l e s  S l I g g’ ei~ t 1 11 , 1 1, t h e ’  /1 i C l i eu  11 v of

ox I I ngu I Sh I / ICI1 t  1 i,C/’/ /1 SO’S lll 01’C 1’. lp i  cils’ t h a n  I’ i t ’e passe 1 si Zn’ as t II ’ nu ll/el ’

of  11(0(10 los i 5 il/c 500 se~I

it ’ ’ 0 , 1 / I  hop c ’cI to counpa re t h e  ee l / I t iv t ’  nier i t  S I) f t h i ’  II )‘y chiern I c i I

‘ ‘ .‘ c t i n g t t i s h ; i n t ’s l/ ’it Il t h e  1111 0 11 1211 , b u t  t i s i s  5 5 / I S  no t  p o ss i b le  h e C/ l I 1 S l ’  o f

I / I ’ ~~~~ i c a t  iou ’  l’ ,I t ’e s  a l / c l  p / lt t ’c I’ns / / v / s l l a t ) l s ’  , u l l d  t h e  d i  f f e u ’ o ’ l / t — s i z e / l

I i  II’S / ‘ / ‘q / li i’ l l  11) ch, i I i eu ig e  t h e  two n ’x t i t s g u i s h i t i g  s’~ SI I ’ L L / / I ,

‘ l i i  ‘ I ’ I i t ’  I t c h / I  1\ ’ l
,’ “ie ’i’its ~t t  I s i n g  t h e  A i r  i n j e ct i o u l  N o z z l e  \s’I ’s/ls I/i ’

I - ’ i t s  /‘~p r / ,  ~~~~~~~~~~~~~~~~

F / L I  , / / k’ , t I i t , I / / I ’  s l I  I / s I n g  t i l l ’  /1 1 1’ i / l j e t / ’ t i O I l  / 1 1 ) 7 7 1 0 ’  i S  t i l l ’  Ii ’ss “ i ’ I l ( I i ’ , , ’\ ’

I I t t ’ 5 ,  Ho’. ‘ t ’er , t I l t ’  1, 11) S p l ’ , I \ ’  1 1 1) / 7 , 1 5 / 5  c/ l U ’ s’ otisc’u’ l i r e  ( ‘ I I  I / C t ’  l i - / I  I t ’ ’-

/ 1 1 1 1  I I’’’ ‘ ‘ 1 i t t ’  lou ’ I l I t ’  1 0/In tl’ l ’ / L l l ’ ,/sure I ( ‘ S I  s

I l / I  - ‘ L ; / ( ) I ’ / , ’ h l  55 II ’  t i l l ’ 1 ’ o f  thc ’ h I ’  ill j l’c t 11)1) 1/017 7 1 1 ’  IS . /  0’ S / I l l  t I

1 1)  t I ’  I i , ’ . 1 1  1 ) 1  I / I l  t oll o f  t h i n ’  ttlI’ l t li/I t l’ I ’ ’ c / I l  1 C ‘o’’ : I i ) ,  1 1 I ’  1 1 ) 1 1 1 1  11)11

11 , 1 ( 2  1 1 I ; o  ‘ 111 1 N I uig ol ‘4 1 1 / I t ’  t i C’ t l i t ’  ox ~‘ I , t I ’ i /  1, 1 ‘dp I I I’ ’’ ’ I t 01’ li lt I’ll 11 1 1/ 0 u s  1- 1/ ’

C a s h to  / 1 1 ( 1 ’  I p / r I  j u l  Iv p I ’ I ’ / / / I X I ’ I t  1 ) 0 / / I ’ , ‘I’l ~~’ 1 1 1 1 , ’ . I 1 l ) / I / i / , I i I t i t u  t i C  I l l , ’

i / l i’ I I S I’ / , I I ’ , I I l l  V I I t ’ ’  lIOllI i II,Ill t I I I ,’ 11)1’ LII pI’olhsuc ’ I tI c/ l i i ’ ’  S l i I O I d I ’ l i ’  C t 0 ’~
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supplied through the nozzle; i.e., less than 1 percent of th e combustion

a ir requirement . However , when nitrogen was used in place of t ir , the

maximu m burning rate for smokeless fires W a S  about 3. 0 gpruu .

The fire chas’/lcteristics and requ ired extingu i shment techniques

are considerably different with the two nozzle options. The fires

produced with the single air injection nozzle wore easil y exting nt ishe ol

with PKP at the fuel flow rates at which extingu ishment w~is possible.

The dry chemical powd er stream was aimed at the nozzle outlet and tOt’

powder was carried with the fuel stream. Little skill by the ext in-

gu isher operator was required , With the fan spra y nozzle fires , the

ext inguishing technique was to begin extinguishment a t  the b o t t o m  of t h e

fire panel and continue up the fire panel , finally “push i u’ig the flames

o f f  the top” while preventing flashback to the bottom of the f iu’ i ’ p ;1r 1’l .

Therefore , ext inguishment of the fires generated with the fan spra ’,

nozzle requir’ed a skilled operator, The requ ired extinguishment tecl/niquc

is probably characteristic of tha t needed for many accidental kine m atic

fires . While the present design with the one air inject ion nozzle flu / I ’,’

he satisfactory for use in testing fire suppression agents , the  m u l t i p l e

fan spray nozzle option is much better for testing extinguishnsent tech-

n i q u e s  and  t r a in i n g  firemen . The appendix d escribes fireman training

exercises conducted with the cascache fire appa ratus.

The difference in fire /lnd extinguishment characteristics between

the two nozzle options is a functioti of (1) the single spra y pattern of

t he ;i i r inject ion 11077. Ic  vt ’s ’sus  the  i t i t e r / l e t  i t ig sp r ay  pa t  toni fs’oiss t he

itp w , i r uh  m d  d o w n w a r d  p o i n t  i n g  f . s t i  s p r a y  nozz l e s  a n d  ( 2 )  t h e  a i r  it /j e c t  ion

v”t ’ su s  110 l i t ’  i n je c t i o n . The usc’ of two or more n o z z l e s  to g i v e  I n

nt”ract tu g spray p/i t tern instead of’ 1 si og l e  source  of fue l is  l i ( ’COSS , l s’\

t o  s i i s m u l a t t ’  the occidenta l fires.

:18



If it were possible to construct an air injection nozzle that gives

a spra y pattern similar to the f/sn spray nozzles , a ir injection nozzles

would he satisfactory and air pollution problems diminished . However ,

no such commercially available nozzles were found. The design problem

iti constructing such a nozzle is to provide air injection at a high

enough pressure a t  the nozzle exit to finel y atomize the fuel ~nd y e t

llI iIiifl lize the induced fuel drop let velocity after exit from the nozzle.

The design and construction of such a nozzle could not he clone within

t h e  fund s of this project.

~1
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, I I  ( ‘( INc/ L I ’S IO NS

It i PO,sse I o f  t i / i s  p rogram t h e  c~lsc a(I e  fire ‘v/I S selected froln t h e

v I I ’ j O ( I S  k i n e m a t i c  f u e l  f i r e s  to c h a r a c t e r i z e  a n d  s i m u l a t e  i n  I t e s t

I I c i l i l v .  The a p p a r a t u s  fo r  s i m u l a t i n g  sn uch /5 f i r e  5 5 / I s  d e s i g ne d  and i

t e st e d  for its s u i t ab i l i t y  in testit/ g fis’e suppression agents , I p pl i —

cat ioiu app/i ra tus , ,Indl techniques. Conclusions ab o u t  the c,lsC,ode fire

. Ipp ,o I’ ,l t I,ts ,lIs (h ,s iso abou t  s nt p p r e s s i o n  e f f e c t i v e n e s s  of t h e  a g e n t s  used

o n  I’xp d’rt/Ilels t,s fo l low .

.1 The’ C/ssc ;idle  F i r e .  ~-~pp~~i’//tn1s

The c a s ca d e  f i r e  a p p a ra t u s  p rov ides  f o r :

‘ A kinematic f u e l  fire w i t h  a controllable burning rate of t rolls

0 , 7 to 0 .3 in’’ 1 / h i n  per s q u a r e  i nch  of b u r n i u i g  s ur f / i c e  ( 0 . 1) 1 to
0 .2 g a l  /1 1 11 t’ t )  w he n  u s i ti g  JP— ”l or JP—5 / i i r c r a f t  f u e l s .  ‘h’he
c o n t r o l l ab l e  b u r n i n g  r a t e  i s  mache  p o s s i b l e  by t h e  f , s ct  t i s / I t  a 11
t h e  s p r ay e d  o u m e l  I bus’neci . The controllable burn i rug r a te  I l l a k I ’ s

i t  p o s s i bl e  to v a ry  the d egree of d i f f i c u l t y  of e x t i ng u i s h / / l e l i t .

a A t’ept’oi’huc ihle fi 1’ ’ ; t b / m t is , a f i r e  for  w h i c h  thc ’ d i  f f 1  C u ]  t ’, o f ’
ex t  i l Ig u i s i l / u I s ’ i 1 1 f r o n t  f i  I I .’ t o  f i r e  i s  t he  same .

a ‘
~ 11,11111’ l~~’0 / / I t ’  1 1’’,’ t i i , t  I I/l i t/ i I/l i Z~~ S (VI / idh e f f e c t s  . The so I i  d h a c k

pI~l t 1 ’  beli i t i s h  t i l l ’  f i  1’’ ps’ ovi ches  fo r  a ? u i i n i l l i i z a t  ion o f  w i n d
e f f e c t s  on e,x t i n g t l i s h ’ L / t ’ n t  IS loti g a S  t h e  w i n d  d it ’ ec l lOti IS w i t h i t i
I l l ’ ’ q i u l o l l ’  m t  o f  _ , 15 0 to 130 f t’om t h e  n o r m a l .  \ 1 / m x i l / l u n u  t o l e r a b l l ’
W i  f l l h  Spec/h  1 5 15 2 1)  mph , 1 hove wh i c h  t h e  spra y i rug fu e l  , p a r t  i —

cu 1,1 1, 1 V t h e  sutshurned I t I i ’l  b e f o r e  i gri i t ion  /111 ( 1 a f t e t’  ext  i ngu I s O —

• I s dan g e r o u s l y  5 C , I t  t e r e ch  i l l  I he  s u r r o u n d i n g  1 rt’ ,I

~ An l ( l ,j u s  t . I bl p  C i t ’o ’ size b~’ V I r t t u e  of t h e  /1101151 1, 1 1 ’  h u t  I I I ’ 1’ øf t h e
f l’ i ’  p;i tit ’ls . Our expel’ i ll/ e li  I s I nc 1 t ided 011/ ’ — 111(1 t w o — m o / l u  Ic

p a i l ’  ‘is , tch i cli t’ ’’i ’i t u l  I t ’d ~ ti ~ I — foot — si I I I ’  by 8—) OdIt — h i  gO h or n  i ru g

~s ‘1’ I 01’ ,I II 8 toot by 8 fut ’ i  F , 0 1 ’ i

I ’ A I )  c l j f f m ’ i ’ i ’t i t ll o7 ,z le  o p t i o ns  \l,’Ol’V t i S t ’ / I ,  The h r  1 i 1 1 1 ’ c t i o t i  110/711’

p i ’ o / l l l c ~’d sm o k e l e s s  I i  S t ’ s  h u t  ( l i i i  no t , i n  i t s  present S i t s g l t ’  I t o / / i e

If)

-, - -. . -~ — — 
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a rr a n g e m e n t , y i e l d  a f i r e  s ui t a b l e  fo r  m a n y  of t h e  c o u n t e r m e a s u r e

testing applications. In contrast , the fan spray nozzle option provides

a iis’e  t h a t  is  w e l l — s u i t e d  for m a n y  c o u n t e r m e a s u r e  t e s t i n g  a p p l i c a t i o n s,

including testing agents , testing techniques , and training firemen in

countermeasure techni ques. However , the fires were quite stsiokev .

(3 . 2 F:vuslttation of Extinguishing Agents

The two dry chemical extinguishing agents , Monnex and PEP, required

,Ipproxilnatelv the same amounts at similar flow rates to extinguish the

‘JP- l ft t e l  fires. The Monnex was more effective in extinguishing the

~~~~~ f u e l  f i res , r e q u i r i n g  a b o u t  75 percent of  the amount of PEP to

extingu i sh t h e  f i r e s .  W i t h  Monnex , severa l 5 . 5 — g p m  JP— 5 f i r e s  were

extinguishe d , while the largest JP—5 fire extinguished hr PEP was 1 gpm .

JP— 5 f i r e s  proved to be c o n s i d e r a b l y  more d i f f i c u l t  to e x ti n g u i s h

than JP—4 fires with the dry chemical powders. Maximum fuel flow rates

t i ia t  were  possible to extinguish were 20—40 percent higher for JP—4 .

It was not possible to compare the extinguishment effectiveness of

t h e  H a lon  1211 w i t h  t he  dry c h e m i c a l  powder e i t h e r  on a wei ght  e f f e c t i v e -

ness  or a cost ef f e c t i v e n e s s  b a s i s  because of t h e  d i f f e r e n t  c a p a c i t y

ext i n g u i s h e r s  used . Th i s  was because  the  i la lon 1211 e x t i n g u i s h e r

sy s t e m  had a mass  per seconci o u t p u t  more  t h an  f i v e  t i m es  t i ~,t t  o f t h e

dry chemical extinguishing systems , ant i  two modu les  of f i r , ’ p a n e l  l i / md

to be used to challenge its capabil it y .

4
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l”o u r  f i r e m e n  fF 0 / n  t h e  1, 0/l i p P a rk s , (,I I i  f 0 1 ’h i i / I  i i  I I  l ) i ’ p a m I I I / t ’ ! 5 ~ Il l’—

ti cip/ l ti .’d il I ’xp el’illoeui t ,I ’l firn’ Iigh t iilg l u / l i n i n g  v’xct’cises us i u u o  I I I ’ ’

ea se /lol l ’ fire appa l’ I t / l s .  ‘ I w o  f i r e  ex t i l s g u i sh i l h e l s l ~ i tu a t  l o u t s  wt ’r’’ / 1 5 ’ )

( 1 )  a G—gp/ll H0 — l  fire oui t h e  8 foot by  8 foo t fit’ c p / I / e l  w i t h  i h a i l ) 1 1  121. 1

a f l o w  r/lte of 5.5 lb see arid (2) ~i l — g p r l l  J P — l  f l i t ’  ots t l i ~ • I t ’ t . i l

~ fo ot f i  s’ ,, panel ‘vi t h  F l u ’ h/I  1111—i/ c id 2 0 — l b  PEP ox t I t i g u  I 510 1’

Onus’ two st/I ff u n et l l b er s  who opera  t e d  t h e  ext  i I/ g Il ~ she ’s’s  / 1 / I / I  h / I / I  Ct/Il —

o ’oius i ,Ii’l’ ,lI)le p r a c t i c e  by t h i s  t i u n e  (SOl’( quite COIiSj5tC’l ’/ t in ( ‘ x t i l / c / u i s I l s l / g

bc’s,’ two ‘fires , thcs  f i  r s t  ouie  s’equ i ring ti/C/Il to  rI V’ to f’oui’ S O C O 1 I( l s  , us’

a b o u t  20 pott till s of h l a l o n  1211 , and tilt ’ secouid requ i s’i rug four to s ix

‘v / d O n / I S , 01’ less UI/n a poutidhs of PEP . P r e v i o u s  e x p e r i e n c e  b\ S l o t

C i  I’i’tlleil i//I d Oeet i  a lisost el/ i i m l  \‘ (Vi ti/ (v/stem . AilnO St all ti’/S i us r u g  1 Ii

i u t .” tt so ’ of tli’~’ cheluli c’,~ 1 po’,,d . ’t ’  i x  t i rug is h e r s  h ad  beeti  1I \ ’  (Iel l lOI iS I I’ ,, t iOl/S

E a ci s  o f  I he f o u r  f i  l’(’II/i ’/ l (V .1S gi \‘en Ot iC /1 t t el l Ip t  svi t i m  t u e  H/u l o l l  1211

‘l’hey ext i ngu i s h e / h  t h e  f i  u’es wit ls 18, 73 , :~s , and  ~ 2 pont i lds  of a g e n t

I t  i s i n t e r e s t i n g  thu s  I t h0  f i  s’ n ’ / l I , S h /  ss’lio used o n ly  18 poli l ids of a g e n t  h/ s d

I’ I ’ C n ’ j V i ,’ / l  S O / I / c ,’ tt ’,s i ti ing in t h e  use  01 CII e x t i n g ui s h e r s  w h t i  le  i n  t h i  ( i i ~

l ’o i c e  R e s e r v e s,  The h e x  I f I s ’e/lIa n , who used  73 pounds  of  /1 g e ll t  , let t i l e

f i  i n’  f l a s h  back  to th e  hot torn  of  t h e  f i  t’O p/lu/el severa l ti flIes before

11,1St  (‘ t ’ i lig t h e  t e c i l t l i q U e  of sweep i n g  the  f i r e  f rom t he  p/s t/ e l  . Tise nes t

I (VI) pa s’t i ci pJI/ t  s a ppea red to iiui VO 10/s rtsed how to p r ev etu  t the f i s’ e f ro / I l

f l a s h i n g  h i ack  to t h e  hot torn of  t lu p a n e l  frot ll w a t c h  i I l~~ t h e  secondi f n’ n ’ u ; o , o  / 1

l l o wev e r , they were very c a u t i o u s  in  (loiti g so, anti therefore used Itiort’

a g  ‘ I I  t than requis’ed for the most effici c u t  ext i n gu i  shtssent

Each f i r e m a n  hui ci two or t h r e e  ui Ft el l lp t s  at e xt  i ngu i shnscnt  wi  t o  t h e

ti , m u i t I — l o , ’ 1 ~ i PKI ’ ex t  i ng u i s h et ’ . In the initial :mtten mpt s o n l~ ’ otie of t h e

f i r eln ( ’n w u t s  . u t l  Ic to ext I I/gui sO t i s i ,’ fi in .’ . ‘Fise nuus i Ii proi) l etn (V/us 
~ 

1’~’\’’’ I/I i rug
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flashback to the bottom of the panel after beginning to sweep upward .

The second problem was failing to step closer to the panel after the

bottom half had been extinguished so that sufficient powder would

reach the  top of t he  p a n e l .  In the  second a t t e m p t s  one more f i r e m a n

was able to extinguish the fire . For the third attempt , the fuel

flosv rate was decreased from 4 to about 3 gpm . One more fireman was

t h e n  successfu l in extinguishment , however , one was still unsuccessful,

The use of the cascade fire apparatus appeared to be suitable as

/i tr/m ining facility. In tm /m ining firemen there is the danger of having

practice fires that require an extinguishing technique that is not

characteristic of that required in actua l fires. However , the cascade

fire appa ratus appears to provide a test of the abilit y to sweep a

fire from a flowing or spraying fuel while preventing flashback to that

p/Irt of the fire alread y extinguished , which is the important crito’ri .t

in extinguishing a~ tu’al accidental fuel leak fires.

Two characteristics of the facility were particularly appealing to

the firemen : (1) the ability to rate the effectiveness of the f i r e m a n

in extinguishing the fire and (2) th e abilit y to vary the difficulty ‘if

extinguishment so each extingu i shing system can be challenged.

For each fire extit/guishing system situation , a minimun i extinguishing

time or a m i n i m u m  r e q u i r ed  ,sgent  Cal/ he e s t a b l i s h e d. The fis’etnan can

I i s e t i  t ’ v , I l / u , l t e  his effectiveness against that stuinckird .

The difficu l t y of extingu i shment can he varied by v a r y i n g  the fuel

f l o w  s’,m t o  ,incl  , m lso t h e  n u m b e r  of f i r e  panel  modules  used . There fo r e ,

o u c h  e x t i n g u i sh e r  C , I I i  b so ch~m 1 1 o r t g e c i . .~ 1so , a f t e r  a f i r e m a n  m a s ter s  t he

e x t i n g u i s h m e n t  of r e l , m t i v t ’ I v  ea sy  fires , t h e  difficult y of extitmgui shmetm t

C m l i  lie i n c r ea s ed  to  s t i l l  prov i de  .i Ci l ,l I 11 ’i lg t ’ .

4 1
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