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SMOKELESS IGNITION OF OIL FIRES IN SHIP-SPACE SIMULATORS
FOR U. S. NAVY FIRE-FIG HTING SCHOOLS

by

• H. R, Hazard , R . D . Giamm ar ,
and D. 1.1. Ca ud y

INTRODUCTION

L a r g e  oil fires are used for fire—fighting instruction in U, S. Navy fir —fi gh ting
schoo l s ,  These  a rc  burne d  on the s u r f a c e  of wate r  pools , w h i c h  prc vide a smooth , l e v e l
su r f a c e  upon wh ich  a r e l a t i v e ly t h i n , u n i f o r m  layer of oil can he b ur n e d ,  Such f i r e s
p:cluca large clouds of heavy , black smoke , which is undesireable in populated areas.
Accord~ ng1y, the Navy has i nvesti gated elimination of smoke from fire—fi ghting schools
by ‘.ise of afterburners to destroy smoke after it is formed , and by use of water sprny
systems that suppress fo r m a t i o n  of smoke. Water—s pray syst . es are much 1~ ss e;go n si.’e
t~~~ i n s t a l l  ~nd op- -rate than afterburner systems , and would be preferred if full y satis -
fac tory.

The use of water serayrd over the surface of burn ing oi l to s up p r ess sm ok e  h as
been dc- i - l o p e d  by Alexander Goldsmicl?, of lIT Research Institute , u n de r cont r a c t  w i t h
th e  Nr -~a I D’ .vi .ces T r a i n i n g  Center ~~~~. Exper [menta l  w a t e r — s p r a y  systees have been in-
c c i  Li in m : rce fire —trai: e ng si .rmiil ators at the  Norfolk Fleet Trainin g Center and good
contro l of ~nok - ha e h e - n  demonstrated a f t e r  a w e l l — d e v e l o p e d  f i r e  has been e st ab l i shed .
N’~w~ ver , -i ~~riod of ~ ) seconds or more of operation n i t h  heavy smoke h a c  been re-1,iir . cI
t .~~ - -; i i’El inN a u c f l - d e v e l o p e d  oil f i r e , a s t h i s  cannot  be done w i t h  the  . - ;atc r — u p r i -j  syn-
teei i n op - r a t i o n .  Acco rd ing ly, e f f e c t i v e  use of the w a t e r — s p r a y  sys tem for  ~mok i ~ y-
ru; siorm in de~o~nd -: i i t  upon the  development of a smoke less  i g n i t i o n  sys tem.

r- - nort describes the develoement and initial operation of two smokeless
l ei~ t lOfl -g,stems for r i ,e Norfolk Fleet Training Center. These systems are ha- ~ed upon
iHect ion of - ;u l f i ciect gasoline to permi;: fleme development with the water—spray system
in o~ - rat Ion . TN E.-~tt el.le research included laboratory development of the ign it ion
e-jstem.s, ,-.ed construction and shak. d own operation of two e:’perimental prototype ignit [on
e y e t ( : 1 .; at- Sorfolk , T~ es-e ;ystems have proven practica l and effective in controlling

PROGRA M Og JE CT IVE S

The p r i m a r y  ohj e ’t l v e  of the program was to dem on st r a t e  a safe , re l iable , and effec-
t ive  srck~~los~ i g m e i t i o n  sy s t em  fo r  tco simula to r : ;  a t  the N o r f o l k  F lee t  Tra in ing  Center .
Thu h jectii e - ia - i  met by devel op in g desi gn c r i t er ia  in Ratte lle 6—foot and 15—foot fire
‘ank~ , and d o m o n o t m e i t i r m ;  a coap letr ignition system at Battelle , followed by dcm;i gn , con—
Stroo tion , a n d  d m - -enstrn tmlon of experim ental prototype ignition systems at Norfolk. In

- - C o a r se  of t h e  p r-mg r~1 - r all objectives w er e  m e t ,

R’. fc rmmnc - - is  N~~
-
~~-° on go 51,
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2

SCOPE OF PROG~~ M

T i m e  p r o gr a i ;  was p l a n n e d  for  comp l e t i o n  w i t h i n  a 4-month pe r iod b y t i gh t  s c h e d u l i n g
o f r s : - ; ea r ch  t a s k - ; , w i t h  ove r l app ing  of s imultaneous t asks  to the ex ten t  poss ib le .  The
m a j o r  t a sks  ca r r i e d  out in the  course of the pr ogram were:  -

Ph~~s~ 1, Exn - r r i m - n t a l  development  of a smokeless ign i t ion sy s tem

1. E: . :?0 r i m e nt a l  stud y of design a l t e r n a t i v e s , u s ing  a gat t e l l e
6- fo o t -d i a m e t e r  f i r e  tank , and select ion of design c r i t e r i a .

2.  C c nst r u c t i o n  of 15-foot -d iameter  fire tank at Battelle.

3. Stocly of design criteria using the 15—foot fire tank ,
including compariscri of 4-injector and 1-injector systems
and optimization of gasoline-injection variables,

?L~~L~~i. E n g i nee r in g design of igni t ion  systems for the N or fo lk  F lee t  T r a i ’ i n g
Cm mete r , inc lud ing  a sys tem for the 15-foot tank and a sys tem for the
en gine - room s imula tor .

1. Select ion of type  of system

2. Selec t ion  of a l l  appa ra tus

3, D e t a i l e d  design of components  and sys tems to con f i rm
(:ps r a t i  n g  c h a r a c t e r i s t i c s

4. C o n st r u c t i o n  and operaUon of sys tem in i~a t te l le  15-foot
f i r e  tank .

P’-r a s e 3. I n s t a l l a t io n  of e x p e r i r m nt a l  p ro to type  i g n i t i o n  s y s t - m  -~ at  N o r f o l k

1. P r o c u r e m e n t  and f a b r i c a t i o n  of comp o.wnt s

2 , In s t a l l a t i o n  of pro to type  systems

3. initial operation and adjustment of systems , inc lud i ng
replacement of several unsatisfactory components.

Phase 1 , not yet imp lemented , will include measurement of air pollutants within the
cng i n e -n o o m  simulator throughou t a number of typical ignition and operating cycles.

B A T T E L. L E  C O L U M B U S
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PART I . EXPERIMENTAL DEVELOPMENT OF A SMOKELESS -IGNITION SYSTEM

a 
E x p e r i m e n t a l  d e - i c l o ç r a n L  of a s m o k e l ’ i : s — i ; ’,n t t i o n  o y s t n ‘-c- p lny -d t ’-;c ~e~ t l a d —

l i t i e s , a 6— foo t d i a c m t r  f i r e  t amd< at  the  ~a i  t e 1 i e — C o 1 o m b i i ~ Laboratory a m i d  a l 5 -  fon t
o: r - t e r f i r e  tank  a t  i n t t - l l e ’ s T - - : t  teller ace Facil. i ty. The 6— f~ cL t a n k , co- i t t  m ; c t r - ’ I

it h  i n  a 1 - :-; d a ys  , could b a~m m r s L~~d eu th in the city - i i  LI~ t he ap p r a -To i el no ee~
re ;u t at ion au t h o r  it  i - s .  I t wa s  used  to screen a number of i dos i ;  and  to  tlu ic l op d e n i  gn

n f o r - : a t j u : n  to  the  x t u n t  poss i bin , Tim e 15— foot tank , n i  l a r  to  t h - ~ 15— fo o l . t o rN t t N - ’
N o r f o l k  F l ~ e t  Ir a  m m 1  C - n t e c , m a - ;  l o cat ed  in an u n p o p u l a t e d  a rea , and Sa m ; used b r  lerci c

~c a 1 o  s t u dj ~~-~ as (00 as 1St was avai lable.

E X P E R I M E N T A  I. G11 1 tr~S lINING 6— r ooT TANK

D e s c r i p t i o n  al  t ° o 6-Poet _ F i r e  Tank

Fi gu re 1 is a schematic drawing of the  6 foot fire tank and its ;i; -,;ili c r y  dl i I ~~~
- i t .

IN - - t ank , 6 f e e t -  in  d i  o r e - t - - m r  a nd 4 f- - u I . hi gh , e;n ; arrange:! for p o s it i ve  control. 01  -.ator
le - ’iel b y spi  h over o f -x c i e s s  w a t e r  t h r o ; i g T i an a d j u s t a b le  1 2 — i ’; c h  overflow s/eir. A i y i- r

~f ‘:~~, 2 f u  1 ci  1 -sac f l e m e t e d  on t h e  w a t e r  and b u r n c m cl t o  mak e  iar:;e I i  c s .  T I e  w a t e r
d e p t h  mol s 32 in c h e s , and c n : i l d  be ad~~i ; - .t ed  by r sn g i ng j ej r  l ev e l ,

A sp r a y  n o z z le  l o c at e d  a t  L ! ; r  c r i e r  of rh  t ank , 2 .5 r ; - he~ n h - , -
~~ sm. 1- c l y e ! ,

- ~co t  d re t - m r  r a d i  i l  ly eve r th e - a r f a c u ’  a t  a r a t e  of 2 .  ~ gpe wi t h m- ;s1 - r 1r - -s sur r of P.1)

— 
ps • ~~~~~~~1 i i  e m  of t h i spray :s -; t r ,  n u p p r e .ss me~ j ke .

An i nition symi tu- :.; ba sed  on lITRE r ecom m en dat ions~~~ m u s s  etso ins talled in h a n k .
is icc h id-  d a hi  :;I i — ;o1isg~ sp a r k  p lug loca tad near t h e  c o t  r of t h e  t coN just above

• L ’ - r  water level , a r C a gn ;olio - — s u p p ly p ipe  t r r : i n a t  ag i n  ,e .- ;p r r s a d r b rat -m d at t I m e  w o t e r
, sr l e c : nea r t h e  t : n k  mm- - ; ’t : r .  T h i s  s y s L e m i  runs operat -d by rur m r em ; on I S :  water sproy and
en ,m rvi zi og the spar!-m plug , t i~~ f l I ntrod ;icing gasoline at a controll ed ruitO for a p:mci l or—

i -ed  t i n -  ; - r i o d . 5’ gasoline was ignited almo st i ns tair tl y by t ir e s-park, and t L  ~
i T h e  11 a:;e spread  f r o m  the c- mi ter to the ed ge of t h e  I c a N  wi th i n  2 to  1 C n ’ - r o i ; d n  d eh -  m m d —

I opt-n t he  rat ol iri lec -tio n . With the water ::priy op-rating , N m : oke i ;eiel diir  i i r g
t -r .;n i tion p e r i o d  r-;as sim ilar to that during nnrriri l horning of l b .  2 oil alone .

ct t a n k  - -- a s fitted with a fire—extinguishing s y s t e m ;  con ~; I sting of t i i - m e : la rge  Ilri L
n.y ‘- c l  r n o zz l e  d i r e c t e d  across  t h e  water surface at sri e!- -iii ore cb t  i i i  3 5 i m ’ i m; ab e t

L i i  w a t e r  su r f a c e ,  Wh en  w a t e r  was i n t roduced  t h r o u g h t h e s e  nozz les t h e  f i~ ° u 515 cx l i
g E mN: d w i t h i n  2 seco nds ,  The firs-; of wate r  to the  c - n t  m l  ;mm ok : — o o m . t ~- o i n o z a l e  w a s
: i: ;- d b y ; ; c - a s u r i n g  wai r p r e s su r e  to the c a l i b r a t e d  spray  nozz le .  W a t e r  was ~opp l i -  :1
t I e  c i t y  -~a r e r  s y s t e m  a t  90 ps i.

he f t c - :  of g s - o 1  i n :  to t he f i r e  tank  was m e a su r e d  by a r e t c m : e t a  r and - a i ; t r o l  led by
a --e t .r i. n m; ‘1 lye . The gasoli ne t l o u d  fr om a tank p r e s c ur i z e d  w i t h  rE t r o guu n to  ih e u t. h)
p s i  . A soi -mrw d ‘iai ’ie in thm ’ gasoline line controlled the period of ;m 5(l rio im: ~~-- L inn .

g i  ~ol i n n  tan t’ u - i s  p laced on a scale , and t h e to ta l w e i gh t  i n j e c ted  C i S  d o t  c r- ni n-ut
b y m e -  e r  (Ninnr ; e .

~~ A T T E L L E  — C O L U CV 1 U U b
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N - r - - u - n i n j  S t u d i o s _ ir i 6-f ’ oot Tank

The  -C — f o t —  d i ne t o t  I i  :~e t ~ink msa m ,ieu- d for c o n v e n i e n t  sem i -u n S erg of se,er -i l 1 ‘1-: ; s
re lo t  I w o  to  ;~~ioI i - - Cl se -e - :  i n n  i n C  i ;ni U on , and fo r  s t u d y  of t h e  e f f e c t s  of ‘/st-e r ten-—
n - i - i t  i C - , o i l t l i i c k r - - ;  , a:s:l c :m ek r i u p p C - n r ; i e n  wi th w a t e r  s p r a y .  l i m e  fo l l o w i n g  eha::ges 

in  c r r y i .; - : u t  mN m t u d i u r s :

( 1)  The 5 ;  ;o l i  - - — s i m p l y ;yn t c- m - ,~ lm; i mp r o v e d  b y a d d i t i o n  of an :mterwa i
t I r to p co - - i d n  a u t o m a t i c  imirIg of the injection period . The in—

~e ct i  an p o c i d c - m I d  h e  s e l e c tu d  in 0,1—sec increments over the
r~1n:; f r om n -i to 6 s ~ c. ln ~~~ct i o n  per iods  of about  1 sec p r e ;- --c I mos t
et  Fe ct  i;sr ,

( 2 )  A ga me 11: :- I n j e c t o r  h a v i n g  a s c r e w — s u p p o r t e d  cap for  c o n t i n u o u s  ad—
j ; :tnr o L of tb-n :ei :;h L  of t h e  a n n u l a r  e x i t  s lot was i ns~ a i l o d .  Tb is
p- rrm itt-: d se i- eti nn of injection velocity independentl y f r o m  f l e w  rat:
and im; ~ ect icm : p m ~~i n d ,

(3) i’e~ -go - N Coors w er e  5 t o t a l  led to p e r m i t  h e a t i n g  of t h e  t a n k  ca t er .
fWi ch h - m r r - m r  E l  r~ C m l  a a ‘u — i n c h  f i re tube which  e x t en d e d  across the
t ank , n - s - i c  th e  N o t  o n .  ‘-lat e r t eni p c m r a t u r e s  up to 190 F r i o  s t u d i e d .

(‘.) A sp ray  r i n g  sas i n s t al l e d  to spray wa te r  on the o u t s i de  of t h e  t ank
abe-ic t ime - e t c  !am ,~m l to m i n i m i z e  r e i r ta l  h ea t i ng  and ~- : - m c e s s i v O  fue l
- m c i ; ; ; : -  r a t i o s  i r c e  the ed ge of the tank ,  u nde r com e c o n d i t i o n s  t h i s  mad a
a ta r - : ; - - ;  C i  f f e r - s n c - m  i n  ftc om appea rance  and r e d - ; c~- d s ceNe s l ;m i i l i . c a n t l y .

• N m - - sr i  f r o r . : out - i d e  :1; : tank was induced into L b :  f l a m e  N ;- convec t ion
c u r c - n t s .

( 5 )  N -~~- r u i  m p r u rS -m — p l m e ;  mr od i 11 c a t i on s w er e made , bu t - te e-re n c,v~-d b e t t e r  t h a n
t h e  i n it . u: l ccc: u r c i a l  p lug.

( ( 5 ) .N~~. . m  em-: ;-  -c i - . n t s  m ic r o  made en t h  armored d i e s e l — t y p e  g lrs-~’ 7 J u g S  as
1 g a i t e rs , N u t  tb- n des i go of t h e  samp le p lugs  was sucri that tim e ~u r f a c e
ta npcr - ~~; m e  mom .; r-ot hi gh enough for  gaso l ine  ic;; - m i t i r n  :sder tank

I ti a r m s .

( 1 )  The i ;cm i ;;i : t  eS the water spray for smoke suppression rsss - cr 1  md between
0.~ m o d  h 1) i r - c h -~s , and the  f low q u a n t it y  was — ; a r f e d  h-: t m-moo n 1 and 5

5pm , w i t h  s i g n i f i c a n t  e f f e c t s  on the flame .

1°-i t i r n i z a t i o n  of Gasol ine  In c t io n

A p - i  c i  pal ~bj~ ctive 1 the experimental program was to r.r i me inrize t i m e  -I m o u n t  of

~5i0lI cr us ol for  an ignitiuen cycle and to burn the ignition gasoline in each cycle so
t h a t  gasol  i n - :  c e m i t e n t  of I l : ’m f ue l  c- i  1 on the tank su r f a c e  would r o t  become h i  g i; en r ’ ig !l
to m l  luence s i :  ; i a t m e r  o p e r a t i o n  or s a f e t y .  This i s  p a r t i c i e l a r l y : - . p o r t a o t m  i n  ci e~ ’-d—
c - i - - - ~ l : a ; l  ; F o r s .

5-lurk was is :~1 m - I  u s i ng  t I e IITRI concept of [low i ng gasc i  I n - :  s h r u ly c-/er t b ’  oil
- i r f ace  to n i n i : . i  2 m m  L u r h - : 1 -  -ar c  and the  n— i m < i n g  cf gaso 1i i~e a n d oil, For t i l e Ic-mI s ,

ga~~rel inc - i n s  i n ; c f:- ’! a t  a r a t ’ :  of 1 lb/sec  over an o i l  layer  0 , 125 inch t h i c k .  T m
two tri al: ; i t w~~s four - c!  that s pr - ad  i i : . ;  t he  f l am e  f rom LI ’ : Cent- r to the edge ci the

~ - - 5 u j c -  dl about  1~ see -.rith ifl eoti s of 16 pounds of gasohin~ . E u  a t b - . rd t r i a l
c-J m:o u m n d c  ~ f r 1 a s o I 5 m - ~ were I r o d u c o d  in 9 seconds  sad t he  fire 5th 1 sp ruui d to tb: -

I31, T T E LL L  — C OL U Mf l U S
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of I i i - :  t ar .k i i i  i6 S . C : C - .  T!;ese t ’ - L  -
- u - - n c ar r i ed  out w i t h  the sr :oke—supprecr; ion --later

- p r a y  o p e r a t i n g .

Ce~~i .; ri of t h e  :;s . ’ i  , m r e  i n j  c t .r rot - , t h en  c h a r m g : d  h y p l a c i n g  a f i a t  cap  ove r t h e
( ‘ : m r t c - C  t~~ ( l : r - c t  1 0 - :  - e l t o t  im- ~C i a t L y o i i L m - j ~~td t h r o u g h an an ru la r  s l o t .  An 1:: - d l a t :  re —

c t t o ; ;  of I N - - q t t n r m t i g, of pi m o l t n m  n eed- -C f or  oil i gnition was de me:sr ;tratod, In furt h er
the  in  ~ect o r  - an - -Ins mount- -d oci ~i - ,cr-r- i  at the a x i s  to p r o v i d e  a mean s sf

5 :  - g u t  o~ Pm: annu l ar slot , a:! f a r t  m r  decreases  i.n the  c~u a n t i t y  o f ; ; - e a o l i r m o
f - c  oil L;n i t  i on  e e c  - h m  rd a-; slot h : - s i g i L  -as decr :a-;ed and irm~ection velocity i_ o-
cr -ased.

F - -; j r’ -. l r sm- ; s t I c -  in g a s o l i ne  i . e j o c t n r s  m ; , a sd  fo r  t ho s e  s tu d c e - ’

T im e  n- m t  ‘-Ifer ti-;e m a r - . ; :  of s l o t  h e i gh t  a n d i n j e c t i on r a t e  was f ou n d w i t h  a sLat
h ’ i ; i t  or  0~~5 SN t:o C -C -C ’~ I i : :  N , and  as in j e c t i o n  ra te  of 1 ib/ sec , m - h i i c h  p rov ided an
~e - c t S o : a  ‘f e ! r m e i ty  of 7 t~~ 14 f ps .  W i t h  t h i s  cic : :hiln at ion , b u r n i n g  gaso l i n e  spread L a  the

--nb , - of t h e  t a n k  -i t h i n  1 secon d , w i t h  i m m e d i a t e  i g n i ti o n .  A large oil, f i r e  ‘-JC : i obt a  i , me d
i j j t i ; i f l  10 -;ccor cl -; w i th the - .o ‘ce— supprossion spray  in o p er a t i o n . W i th  these i n j e c t i o n
c o n r l i t m  air s onl y I. to 2 p s u m : d s  of gaso l ine  w e r e r e qu i r e d  p m  ign i t i o n , and the  cm i-: . 1-c cc- I
d u r i n g  ; : i t i o n  w a s  about  t ir e same as t h a t  for  l a te r  hu-cn~ g of oi l.

T h e  d : sj  .; ;i of g a - .o l i nc  i n j e c to r s  for  th e  15—foo t  tank was based on th e s e  r u - s u i t . ; .
T o  s l t - - c n a t : i v c  in~ c-cto r arrangements were installed , one with four injectors , ea ch  l i ke
t ’a ’. in  t N t  C - f o ot  f i r e  t a nk , and one w i t h  a s i n g l e  large in j ec to r  at the center .

C a - c  l i n i e  Inj ect  l ien  5-l i rmh a Co a t  c m l  -~~r,~y llo z z ie

\ few t ea  C - m w - sr - s  0 1 0  N y i:i~ cc tin:; :5050 l i ne  t h r ou g h a 5 g-pm .m spray nozzle at Chic
Ce:CL r of the  C— f c - l :  t a n k ,  Tt :e s p r a y  n o z z l e  was s i m i l a r  to nozz l e s  used fo r  : ; i e l < c —

~. c p - ~ r -  a s i . r-g r O i L - c  ~~ c a y ,  bit t mIs s lar :g- r, l i e  spray  n o z z l e  d i :r t r i b r : t u :d  drop le ts  of m; -m - m u —
Si n .  :C  t i~- - - m t  i r e  t an k  m e ; r  face , r a t h e r  t I : an  s p r e a din g  it as a f l o w i ng wave . 14i ;om a the

- ; i g i m S ted imr odiat c iy, by energ izi a:; the spark  p lug be fore  s t a r t i n g  gasol ine f I n — : ’,- m-:h  i !:- - .0 : . : n J i n e  im.: : - : d ia te l y f l a r e d  up I n  a me ry lar ge  fl s ; :m-r  t h a t  d i e d  down w ic l i r .  5
se c om :r l -: , A oma l. [  o i l  f l a m e  r ;ined , ar - c l  t h is  r equ i r ed  about  30 second s to d e v e l o p  in t o
a I n c ;  f lame w i t h  m a t  :0 nprayc operating, Alt ernativ ely,  the gaso l i n e  could be spra 1- d

t o  o i l  o u r  t a c o , t erm ; i . ; si ted .  T h i s  r - su l t e d  in a fl a :.m - c very s imilar  to t ha t  when
ire ; - r C t l S g  ge -m i in c  a l  m g  t i c -  oil su r f a c e .  A t  th i - ;  po in t  t h e r e  s- emen d t o be no aC ’j an t —

t o pra y dj s t  r I N - : t f c ni of g a s o l ine , a~ d the re a p p e a r e d  to he the d i sadvan tage  of a
si b l u r  ‘:zp l c s i o n  i f  i g n i t i  .5 were de layed  m : r t i l  a f t e r  d i s t r i b u t i o n  w i t h i n  a closed sp e c : ,

S O  t I ;  i s  dea -s -i s d r o p p - -d .

~~~~~~~ !~5s~~Z~

In iti - i l  e x p e r i m - o n t a l  s t u d i e s  used an A i m N u V n  1—132 spark p lug, w h i c h  had been t p - m c i
i i  - d ~;-j  ITTIU in t i  - : L r  d - ; s i g n  r e c om mon d at i o n s~ 

d ) , T h i s  p lu g  had a cen t e r  el :ct rode  t h a t
- C-m d 1/2 i n c h  b y r d  Li t h r e a d e d  met—i l bod y of t : !ie p lug, uer d an h — s h a p e d  ground

cc L c : c t r 0 t h a t . e :-mtc m d-nd f~~cr.: one e d ge of t I m e  p lug bod y to t h e  c e n t r a l  e l - t m - r o d e . -I r i s
p l u g  pro - ; -oh  r- -aso r a N I y -ot t  ic fo - t u i y du r ing  i m ,n t i on r - m : p e r i m e n t s , a r c ing  m i s t  of l i e  t i m s O
I -s t it  a s e n - e r g i s-ed. llc,; -.m v e r , a t  t iOcS 1:- -- : -  ml i a t e ly a f t e r cre :rgi z in g ,  a few n c -c oe d : ;
tur - - o t t - -I r - - g c i i r ed im - r f o r -  a r c i n g  began , - s p e c i a ll y m- ;lien t he  p l u g was f i l l e d  w i t h  m -ia L -r
f ran t i :  ac . m . 5 : o — m : ’ , r - : s sj c n  sp - :j no zz le .  A 6 ,000 ‘m o l t  o i l — b u r n e r  i gn i tion  t r an s f o r m e r
ems: ; use d to -n - rc ; i ze the sp s  r l< p l ug .

( J A T T E L L E  — ~~ O L U ! V 1~~~ U S
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5 ; - :  : -  r ; p a r k —  ~ l o p ,  m u c h  i l - i c,i t: i t i l t : ;  w i - r i -  t it adi ’  , b i t t  tho se  (lid not Improv e  - ir e  log r i I i  ;ib i  l i ly :

( I )  ‘ i i i , -  t t t t m ; !;i ~~ -d p ort - c - l a i n  i n m e t l a l o r  w ar ;  covered w i t h  t ; i i i c o n c  rubber  to
OV~~ id : ; ( , ; t l ’  i t o ;  c i i  th~ - i ~~~ (; t t .j  ott w i t h  w~1i.m er .

(2 )  A cl i  - ; h c m a t s  w i - h i t c h l i t  C l i ; -  cc - t i l t s  I cJ .ccn - ode , and  a v e r t i c a l  ground
u l . - t  t i t s i e  c m-m i c t t (h  t ip ,  fr om  t h e  n i t - I  m u .  body to wi tht i ii 1/8 inch of t h is
d i :;k war ;  i t t : ;  m c  I i -cl. Si I h one ru l )bo r  wa mm u sed over the  porc c ; t au t
r0~- ~~ - 

~~~~ ~~~ I i t u g .  I’ir r Ic t t - t ’t ;tnc~ d i d  not  appear  to  be i iiipr ot ’ed

I t  Op ~)c ;I c c C t : h i a  C L i t c  A u b u r n  [— 1 3 2  m ;pa rk  p lug was onl y m a r g i n a l  iy a d c - q i i a  te for  Lh im ;
:;. - r v i  cc - (~\ h ) c  C Ic - c p lug d c - s i gn ;-ntm ; found l a t e r  d u n  ng s t u d i e s  in t h i t r  15— S oot t a n k .  )

~~~~iUi~ 
Cl  ow~~ j~~~~

Tm- - ic  I t i - / — v i , 1 I  ; l ; ; c :  a rm ored  d i e s e l — e n g ine t y p e  p - cw p lugs were  ob ta ined  fo r  t r i a l  as
g t i i t e r s .  hi c o - m -v -r , i t  i- mis fo und t h a t , at  the ra ted  vo l t age  and c u r r c - n t , the  s u r f a c e  t i - ma—

p ; - r a I t r~- ol. t h i e s t a  p i t ig : :  was only abou t 1400 F. This t e m p e r a t u r e  proved too 1011 for  ign i—
I I i U  o I~ ;-pi m s i c l i  no , and any hi gher power  input r e su l t ed  in burnou t of the  boa t ing  C i t - n ( n t t t
Th o r , t h e  t i m  p lugs i -/c -re  not  su i t ab l e  for  f i r e — t a n k  app l i c a t i o n .

h -cause  o f the good em -mpc-r le nc c w i t h  the h i gh — v o l t a g e  s p a r k — i gn i t i  on sy s t e m , f u r t h e r
u n -k wi Li t  :; I ow p l t tgm ;  wmt a not -  ca r r i e d  ou t ,  h owe v er , if t m - c c -  - ;sary , i I sh ould he p mis sib le
to  c n m u s t c u c t  s u i t a b l e  e :- :p esc-d— coi l  g low plugs tha t  would p rovide  s a t i s f a c t o r y  i gn i t i o n.
Cul l  s u r fa c e  t e t i c p e r ;t t u r e s  in t h e  range  of 1800 to 2000 F ar e  needed fo r  p u a i t : i v c  i 0u i l i otl .

Gu s.- ’ P 1 N m ~ w c - r i m  of i n t e r e s t  because they  ope ra t e  a t  6 to 12 volt ’;  and large n u m b er s
of t i ;  - i  c ou ld  be o p c r a l : c - d  f r o m  a s ing le power source.  hl oeicn vtn r , it  h~- c : m ’ i e  app a r ’ : i t t  that -

l ie 15— foot  f i re  t a n k  :-;i,ii ld r equi re  onl y two spark p lugs and the  engin e— roor-.l S in t l  l a to r
onl y f o u r  to s i x  sp ar k  p lugs ; t hus , an ign i t ion  t r a n s f o rn i e r  for each ;;p ar lm p lug does not
a p p i - a r  u n r u — t m ; o n ,- ib l e .  Fur t luoro ore , w i t - l i  so few spark  p lugs , prov is ion fo r  r e d u n d an t  spark
~ lu ; s  -:s~s : nr s  r e a so n a b l e  if  needed ,

Hei g h t m of the  Smoke-Suppress ing  Wate r-S p ray No zzle

A s ing le r i o t e r - - s p r ay  nozz l e  i-j a g i ns ta l l ed  at the cen te r  of the 6 — f o o t  f i r e  tank  for
tm immcku : su p p r e s m ; i on, T h i s  n ozz le was a Spray ing Systems No,  8686 — 1/4 — 1, the  samr :e type used
in the b or f o l k  15—foot  f i re  tank.

Tb’s he i ght of the no zz le  above Chi t ; oil su r face  was var ied from 1/2 inch to 3 in c h e s .
For hi i m ~!t t s  gr e a t -m r than  1.5 inch , l i t t l e  wa te r  spray f e l l  in to  the oil,  su r f ace , but  con—
ii i c ~u n r a b I :  sp r a y i mp inged on the  tank wa l l  and touch of the water  appeared t c -  evapora te  in
t h i s  f l e m : i . 1  - Under  thc :;e condi t ions  the f l ame  was easy to ig n i t e  and the oil f lame grew
l;m C ~~ c i t h i n  a few sscn i ;d s .  However , w i t h  nozz le  heig ht below 1,5 inch , much of the wa te r
sp ray  i m : mp it~~ed on the oil s u r f a c e  w i t h  r e l a t i v el y  un i fo rm d i s t r i b u t i o n  over the s u r f a c e .
Th in  i - m t .;ar d : : i r s r m e n t u m t  of the w a t e r  spray pushed oil toward the ed ge of the  tank , leaving
a h u h - in the  cen t e r  i i  the oil  f i l m  was too t h i n .  Furth ert i tore , the  drops  of water  f a ll
l o g  in t o  il~; h ot  o i l  l a y e r  app imtrm d to evaporate  in the oil , thus reducing the size of
t h i s  ci 1 f l , ; : : - -  and c ; iu tn i ng  c on s i d e r a b l e  sp u t t e r i n g  and popping in t h e  oil f i l m , wi th  l) urn —
ing  d r o p le ts ol oil  f r c ’guc n t l y p ro jec ted  out of the t a n k ,  The smoke dens i ty  was abou t
t h e  San -; for ‘ : i thue r  t ’mode of opcmra t  ion .

I t  - 1 5  cc~,t i c i i i ded  Cha t o p e r a t i o n  of t h e  6—foo t  f i r e  tank was bes t  when the  he i gh t  of
l i t ’ -  emit - v — s p r a y  n oz -,’ h ’ - - -i a :; about 2 Inches  above the oi l  su r f ace .  Th is  heigh t provided
f as t : u .r i gn i  1 1( 0  -and l a r ; y r r  o i l  f l a m e s  than  lower hei gh t s , a t  w h i c h  wa t er  spray reduced
f l ame si ze si g n i f i c a n t l y.

E 3 A T T E L L E  — C ) L U M L 3 u t
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I i  C or

D t i r i i t c ç  h u n t  1. o ; r c - r u t ion smoke o f t e n  ; t p p m - - i r - -d h e a v i est  a t  the  ed ge of CI te  t a n ~’. i i i ’ ;
y u r ic In - - it p u r I t y C u t e  t o  C hic  n a t u r e  of w / l I e r  di: ;trihtttion from th om :1: oh’ -: —c cs ; i ? i’oi r , : t t - - r

cc - s z  I - , h u t i  I I i i ;  a l - m i )  p r o h i t h  h e  t i t a  t se-tri o ol  I ‘/ ;tpnr  I xii i i t , ; ;  took p l a c e  from. :  r i - - I a i : hc  vo l. 1
vii i c i i  b m - c ; i m . - b~~u t - - i t r u t - ; h l  i .o bur n el f  p a i n t .  A. ;  t t i I m ;  mai l I was on ly  1/8— i ! l ( i t  t h i i , ! m ,
m i t t  n i t  i - - r ; i ! , t c - t . - c l  r m t p i d t y i n t o  the  m / n t e r .

in  m i t t  ~i t i - m 1 c 1  Cc)  r i - d u c t -  - , ; : m n k c ;  f r i - i : :  w a i l  c m  f ee ls , a wit t ’ - r —  sp ray  r i n g  ‘-10 S p laced
; c c c t i ; - t  I i c -  t o o k , mu i l~ jets o water directed a gnii ns t Chic outside of t he  t an k  s hr o v e  t h i n
‘-mi ‘ - c  I c - - i c - I  . W [ t h t  t h t i : ;  sp r a y  r i n g  in o p e r a L  i o n  the  smoke level  was r edu ced  n i gr . I ficant l y.
S i c - n: - ; a t t d  - . ‘ i l . r - r  i t - i ; ;  C h i t -  e x te r i t o  I sp r ay was induced  i n to  t h e  f i r e  b y ai .r conv ec t  on , cc —
j t i f t ,~ c I t ip ,  I i c - I n t e r n a  I wit t r m r  s p r a y .  ‘I b i  is c : f fec I mi ght C not  occur w i t h  a h ’. s v i cr  v o l  led
l o o k , 1 m m  mc !; c - I t  1.I u -  L ank  w a l l  wou l d  he cooled by conduc t ion  to the  t a n k  ‘aa i :c : r .

E l  f e et  ot lm1 at ed W a t e r Tem~~~ra tur e s

E L  b: a :. c c - c - t i  ob ;ser ’ied t h a t , of  t er  a f e ,  bu rns , the  oi. 1 i n  a f i r e  -5 irm I in ; t :or i g :  i t :es
f,~- . l  c r  - m i r t h  h a r r i s  .- i i t . h i  ci larger ilorie . This is p r o b a b l y an e f f a c t  of an l e e r - a n - i  i t t  oil

— ‘ m . d w - r i . i - r  n h c - r : ; i  c r r c - e , To i~ c s m s t i g a L e  the  e f f e c t  of w a t c - r  t: er m m p ’ :n a t u r c  on i g n i t i c ~ n mid
I m r g ,  t Y r r  gas  h u r o c -r s  were  i n s L al l o d  in  the  6 — f o o t  f i r e  t a n k  i c r  h e a t i ng  the  :. :etc :r .

l i r e  ;c:  f i r e d  i n t o  4 — i n c h  p i pes t h a t  w i - r u  i nst a l l e d  across  the tank near the h a t t e r .  Itt
1 5 11 1 I i r . m m  c i  n t I s  , t I . w a te r  t e mp e r ;t t u r e s  of 60 F , 120 F , and 190 F , t h e  d i f f e - r e r ms-;.; in  i r~n i —

I so and  i n  hr r t r  i np ,  - - ‘ - - c u :  ra t !r r r  r s m a l l .  WI . t l~ 19 0— F wa I cr , t h e  ‘all f i r e was s 1 i gi; I l y l.a rgs r
: m : r I  - .;; ‘m a  - m m ;  . , t t .Sc: t -h an  w i t h  60—F w a t e r , and t h e  igni .  i i ott gaso l  1 : 0  s c m -  r~c m d  to  s’a;’o;- iZO atu d

I I ,  mu  : . c m n e ’ .. j I ; m ; t  r i c a n  q u i c k  l.y , h u t :  t he  e f f e c ts  were  not  ve ry  r; igni  fi c .-un t

I I . a p p ’ - ; r r ;  t I - n t  t he  oil li l t , ;  ~actu :c I ly boi ls cc I te r  a a f o o t-c  or s~ of 1 m m ; ;  at  soy
min t s r  Ia ;n ,p ; r a i t l l m , - The i n i t i a l  hot  l in g  p o i n t  of t h e  No. 2 f ue l  oil i: ; shou t  ~-C 0 F , l , m d i -
c ; I  i l ;p ,  t h a t  t h e  su rf a ce of 1:11cm oil ,  is m u l c h  h o l le r  t it an  the r i ot e r .  ‘ Ih cu s  , t h e  dj i  C , . r . : t l c c ;5

i n  b u r n ; r t - ;  c h : i r m r c  1. - c  i . s t i . cr: obu;erv md a f t e r  a few burns  were  p robably  the r e s u l t  of h i  m; h i
oh 1 surface I r m p c : r ; t l a t t - r ; , and did not require hi ght water tc-oporature . Ac tuall y ,  t h e  w a t er

-p - - r a t i o n - 1 it ; s h  b u r l ’s t h e  surface of the 6—foot fire tank never increar: ci r.’ - ~r .: t; i u a n  10 i
d u r h t i : ;  a Ic e ; : ;  im.r r i . u - m ;  of i g n i t i o n s , c i l t h ou g h  Clu e oil s u r f a c e  appeared  very  h o t .

Burning  R a t e s

An a t - I - - : p t  m - c ; m s m. r ad c -  t o  dete rmi  no approx imate  burn ing  r a t e s  by ~n oa su r in;; the  t i s i s  c s—
q u i r e d  fc ; r  ij i r t a c t i t  of i n j  c t o d  p ,asol i .tue , and of a 16—pound l a y e r  of No. 2 1u e i . o i l .  I l uw—
c- - J r 1 t l t c m :. :i isi i in em ( r j u lm g mi t - r e  not  ve ry  cc .ct ; s i s t en t , as they  depended upon  a d e f i n i ti o n  of
bu rn o t i s m . In p , c -n t ’ra l , c curnhust icm proceeded at a high and nea r ly c o n s t a n t  r a t e  f or  a Limo ,
a ;  I - c  ‘.- i h i n b c  t h e  r a t e  f e l l  qu i ck l y to  a J o - -; l e ve l  and c o n t i n u e d .  In one t e a t , fo r  ‘- - ; - .- ci - . p l e ,
16 pound -; c m i . o i l  and 3 pou nds of g a s o l i n e  burned  a t  a b ig h t l evel  for  3 minu tes , fol.lum ing
:- :h i ch  it r -:nnl I f i r e  a round t i m e  t i n t  of the Lank  p e r s i s t e d  fo r  an a d d i t i o na l  2 m a i i : r i s u m ,m The
i . mr I c  ; f o r  c - m r  r i . c , ’ l s  gi  1 1 : 1 t e t m m  v i t r i  sd f ro; i 100 to 300 l b / h r  fr-c t h i n  28.3 f t 2 hu rmt ing  st i r  I O C c

c - , u i  va h ‘ - i t t  t o  -jo l. t ; c ’ m -; of 3 In 10 l b / h r  per f t 2 .

E f f e c L ~ of Oil  Thickn ess

• A l l  ~~ i i .hte - - cr!: disc u ssed to this point was w i t !t oil  1 a y c m c ~ 1/8 t i t  1/4 inch  t h i c k .
I; 5 t hu  i . c kn - ;s  a wa -i c u  m mc d I or conv er t i eu i c - in mak i. m ; g burn s , [hen  b u r n i  ii;; out r i - m r s  i ml  r r g  oi l

t i e  I 01. c I ; s ; ; : ; ’ -m ;  C Sr  m i d  he made .  In a check  ruin w i t h  an oil  t h i c kn o s  of 2 in -1t e~ , ign i—
L I  ic  and h e i r n i  ng ‘acr e  m o f l s  i c k  r ob  I.y d i f f e re n t .
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O r - - rot ~ r rh 1 - r u - r e - ; - t b - - c t  n~~c c l i ng  I t o  2 p o u n d s  of g a :m r ! i n . r  k m - a u d it - - -m S - - I !  m t
:j n ’ .r - - ; t ’ , a l / 4-i ; r~ lu b - c - c r id o i l , h u t .  ic ’n it ioa w i t h  a 2 — i c r - h i c r  su i i0 ’/ i ! r J  ‘ ; h r - i .

l j  t m  g~~’ c c 1 i n e  s i - m d m - , i t l t  t t~ o i l  d i n i n g  in j e c t i o n  aad dH  m et: ‘i _ t .~~c t T h / f l  5 5 !  h - i t o

5 .e d i~ m t . m l ; _  it  acu - a c c ; ; a iry  to  i a - c - - , m m c  t l t e  g r ’ m o l i n e  q u a n t i t y  to  (i ; . ; r g s  f a r  :‘rmar l
c j t . j c O , h i t  f h ~ m : o m  r 5 m l . ; . . - ; : t ~ t i 1 l  r - ’ , i t i r i d  45 to  60 e m - c o n d s ,  (~~e €m d c- ’i  I c c - m d , t he

- -m a ; d , f H c u l t  to  - m m r i : . ; r ; b : : i m  !, - c s c ; . . , m  of t l t e  i , m r g - - n m rs ourr t ci. :; - r .sol. L m c c  mr t h O m  ( c i  L .
Ge - - r I m . I ;  -u  ‘ , - ; r ;  1 1 : 1 - - — oh  : .  i . x t u r o  h r.  ii 1, - - c - i i  ‘ ;  I ; m T , l  i . c m l i c - : h , Ir ~ -uc- ic-  ( , .;m : 1 1 ems e i S  c i t 0 1 i c ed

h ~ -; I i  I m . l c -  u -: 1/2  ~a. ’ m m : d  c c ;nl s ot  in c .

f t  ; h i d  5 ( c t  0 : - o r  ~:r ’ . i h 1 e  I c c  burn  a l l  of the m - a ; c I . in e  o t t  isi  1 - u . o i l , i t s  r d l,j
t - :  r~~i f l i e r m i r y c ; l  c - m - m t i . : r : ; r m i . - ; b m i ; ; ; t i r c i  f l a m e  w i t h  t h e  cr u E t — b  c x i  i m . ; ’ r s b m n c n t  n o z z - - -

- ‘. 1 1  n e - - ia .- . 1cc- - a - . m m i t , s na i l  f i a r s € m s r - .:.~ in e d  a t  t he  vo i .d a round . m ~~ch i  ‘ - a t i m s : ; r r b m ; b :  - a t -.
a : .  t ’ .~~e f l a . -, r - ; ;  t i c - i l  a p r -ad  r ap i d l y to r- .r i g n i te  the  Ei .re when r -~a I- mn f 1  ~~~- ‘  s t e r 1, ’-d .

n c - h I , or a l l , of t h ’ - :;~m :o1ine :105 bt . :r ; :e d  cu l t  of a rmi . x t : r t r c m , the  f h , s e ; ; - m - - I . r : g r ; i - ;h c I ‘ - m ! c ~ ’!j
1 d i d  not  m e i g n i ; - - . In tcas t ’ i  w i t h  t } r i c - k o i l  l aye r s , a n n u m  -y : . . o i i . ;r i s  r c a 1  . 1  ci ‘ c c . o i l

- 5:  - :  i - .; F c i t  :- ; im s l m ’ ; c e s a l r y  In hu .irn a l l  of C h u m  oi l  to  - i i m i . u u a t e  a l l .  - - ;

i~\ R r a - - S C A LE  STUDIES WI TH 15—FO OT F .I R g  T,\ -hK --

De s- c r i. p t i  on of l . 5 — i ~n otm I - i r e  Tr i ck.

the  15 m r - ’ i t f i re  t a n k  e r u : r r : u - d  a t  G a I t - d ie  wa s  dc :m i grr e d t c _  d r m a i  c r i t j e m ’sc d ; m  
( ‘ no , cut t _ r :k a t  t ime h o r f o l k  ~a- ;cr l . S t a t i o n , i .r c l . u m d i . ng d i n e  r , ;r : i ; ;! ; t  - :  ; : !o~v .~ I t - :

m s r ; d ‘ - ,e l , aa:i spec:  ; 5 ;  ci - - i l t e r .Sp r ay  n o x x i o s  i o r .-O- ( k c :  sr .c p ; i r - - m  c~~~Ot1 , f!~.. -;- - u - - r , t h u r
‘ I - b  Ic: t r i~~’ nm -s — a d - - ~ j r e I ; e s  d ’ -e~~-: ~ to  ;r c : r c v i d m ‘ - ;- m t r n  w a t e r  s t o r m : :; - ; i . t ;ee d- -d l e t  I I  me

— f ~~~~~~~~ nm— md I - - h o u r of I! ; :  g cc t t - ’ l .I . ,. - t c u ; -;k  u m x L c m r d , -cI  o ; m b . y 9 i r m e h e .: e cr ’~~~_ ;j the  ] I r ; j r :  . -~~c
Ic f u r  i t a t e  I ;  . t :n l i i t r . h o n of , : i p i m :~ t h roug h t h e  t a n k  w a l l ,  I l m e  m . : — :m- m i msun r a n t e r  d - : p t i u  of
‘- i rm c- as l i - - i  t - ; d  by sp i l!reu ’-r th r :, c r ; im c - i s I ; t  rectangular port-; spaced e , r c , m e d  t h r - -; ;w- mn i—

cml  t : - - L~ c -dr , A h) .-;j  it l i r 1 r r i . d — 1 - - ,’ . 1 n o e t r o i l e r  of the .  c om m -me c! - - :  5 ; ;  ‘a; i c ; , t  r u m  - - at;
h r r f o i ”  m a m a -c d I ,~ c o n i t r e l  -- m u t e r  i c - u - i ,

F l  5 m m ’ :  3 s i m - ~o’; i . i l ’ :  di . m-o n u s i o n s  and ‘mlruettu ra l. d~~t ci i l g  of 1 ! - :  15 l e nt  m n ; : ~< .

H e i r - - ‘- i : m a ~ - ‘. e t r . ; .;r ap h shun - - i b n g  Ci ; ; g en e r a l  ;r r r a ; , ; - - r . ; c - . - t  of tln ,m 1 5— f e a c  t:ar;k , mm ’s!
S s b m r c m - -: t h e  i a t r ; . i-i a l  p i ; c i O f ~ and u n d u - r w ; j t e -u c:c .u t t i m h ” . F l . ’i- , sc - p a t - r I o  ~~i f  ri g m y S L e t O i

m-; n i r m s t a t l m t , ~~ b u n t - i s :

i i  A - cin - — s u r t . p r c - m : s i e n  w a t e r — s p r a y  m m y s t c : ; ; i , h a y  mg f o c i r  s p r c f  n - x z l . es
- ‘1:ed l y .. ~m i i C e d  ort a c i r c l e  of 6 4 — I t c h  r a d i u s , w i t h a no m-..-’ i - - a t  t h e  r u m m I e r .
dc , r h  n c z x i c r  is a Spray ing  Sys t ems  Corpo mnu t (rn d r ;d t - i Pus . Ar .h ~6~ 1/4— 1 n o z x l e
m-Gr i c m  d l i  u t - r n  a 18 0—d egr u- r spray at 2 gps; mm i r h  40 psi n~at .~:r p r . - ’m su r c .

(2 )  P i.pi: ;;; f o r fou r gasol icu e.— i n j c c t i c m n  p o int : s equ a l l .y spaced on a c i r c l e  c c i
4 . . — le n t . u - s d l u s  , as rcs m cm. - e r : m n d c~d by I ITRI .  On e— I cc i i  p i p e  i mi u s - m d  i.n r i  I
5 7 c r - m s .

(~~~) A s i n g le , t a r p -  ci m o l . b o e  in ~~ - c t o r  a t  the cen t er  of C lu e  1 m m -n , pi ped
mu j t h  t / c  i n c  Ii p i ~~~

- , fo r m i s c :  in de ’,c lo~,ir~g a one— i n j  cc b r  sy I en.

‘c)  E l - - t n ,  - m l  c ,~~. c b r r 1 I c c  S u ; r h . c r t  f i ve  s p a n - n  p l u g s — — o n e  at e:r -h  g a s o lin e
i n j c : c  I . — m s  p o i n t .

~ ) Aa c - m < L - r i  or r i n g  of 2— mmcli  ;‘~ pe , c o n n e c t e d  w i t h  eig ht  i a r c y m  I h u t - -  spray
1’ n-a l - - ’ ;  u ’;ed to - - : - : t  i m i g u u i r d u  t h e  f i r e  a i t c - r  each b u r n .  E x t i a g c t i s h t i n g

• m a ;? - - r  j-;  L cd - - c r  I r era t h e  hot  I c i m s  of t h e  t an k  and purn 1~ccI to  11m m s p r a y
r , r ’~~z I -  ; t y -c ; - 0  t r a N c h  a t  l i D  gpm ’u at  21) I 1tmn~ The p ’’-~ m’ ,‘nd spray r i n g
c~~n be - ; - - ‘ . nl h o  t i . ç r ; r : 2 .  ( T h i s  spr ay  r ;y s t c : r t  - m : r i n g t t i m d c- d u-li fires
w i t h I n  2 s. - rond~~. )
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FIGURE 7, OVERA LL VIEW OF i5-FC(Yf FIRE TANK AND ITS EQUIPME NT
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L~
1. 15—ft fire tank
2. 10 x 10 ft control building
3. Gasoline feeder
4. GasolIne storage drums
5. 275—gal fuel oil tank
6. Conduit for wiring and piping
7. Ignition transformers
8. Water pump for fire extinguishing
9. Tank drain
10. Grating catwalks under water surface
12. Crushed stone pad , 20 x 60 ft.

FIGURE 8. ARRANGEMENT OF 15-FOOT FIRE TANK AND ITS EQUIPMENT
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A c r am 1 - ; b m o ; r - -(! catm -ialk 12 i n .  lies wide is i .n s ta l  led 8 in c h e s  be low t h e  l i q u i d  l u - - i ’ -
Cu-u c r c - m i d , - ac ceSs  t o  a l l  i n s t a l l e d  equi pm e nt  w i thou t d r o p p i ng the  L i qu i d  level ,

E’ i g c u r -  6 is  a vi ’-ri of tb: ou tside nf t m ;  t a nk  s h o w i n g  - c - r e n a l  m r r r n : ; ; ’ - m m c - t c t  t t r ,d  . u ; G i ~~1r
m i n c e .  T I me h i  ;;I ; — r - ; lteir,- sp a r k  t r a r s s b c m m : c m r a  , a n d  t h e  t~nnu a 1 nm m.d  so lenoid  va l ves u - ; - -d f o r
c o- : r r o l  of ; ; r : ; o l  m e  l in t - i  ;u ad w a N - i t  f l o w  can h - m m - - en a t  t he c e n t e r  of 1 1 m m -  p i c t u r e .

F i gure  7 is  1 p i m u m t n : ; r a p h of t he  ov~ ra11 in - ;t , - t l l a t i o n .

F ! m a i m - .
~ I -t a , k - - t c h i  s c m - / i n ; ;  t h e  ;‘~‘nu - - rcs  I a rr ;u n c ;— ; : -:me n t  of t h e  f i - ~~- t a n k  ne d  I t ,

in : ;  - - , r u i p n : r - ; i C , m - m ! n i . ch i n c l c c d - - ch a ‘ms -. n m i i  s N - m n  b u i l d i n g  in w h i c h  c o n t r o l s  ‘ n m  r n o n t r c t - - r h , -l
g a so l in e  f e e d e r , at ’s! s t o m a ; ; - f o r  g a . s r t l  I n c  and f u o l  o i l .  T i n - - ap ~~. s r n t r t  -

- scan i n s r n i h led on
a 20 x u - 1l~~fo o t  pod of c r ush  oh s t o n e .

Tlr ~ G a s n l i r a - I ~ j~m c t i o n  Sy s t e m

The f i r s t  i ; n m s o l i n e — i nj r m c t i o r u  s y s te m s  u s c m d  w i t h  the  1 5— f o o t  f i r e  t a s k .  was a pres-;ttni z-m.d
t a n k  of g s s o l i r m m m  -t a u n t e d  on a s ca l e .  The q u a n t i t y  of gasol ine  i n j e c t e d  ma r s dot - cr ash r ed  b y
t h r u m  r - ; rm k p r e s s u re  and by t he  pe r i od  d u r i n g  wh i c h  a so l e n o i d  va lve  b et w e e n  th e  t a n k  mte ’ l  t h m
:;aso iine  iis~ ecmt o r min u s open F i tch  a sys tem was not  c o n s i d e r e d  fo r  the N o r f o l k  i t - n ’  t nu b. l n t t i o n
because of safety considaration s; it appeared that any s o i e t s o i d — -ialve leak age , or failure

a s o l e n o i d  v a l v e  to  c lose , co u ld  r e s u l t  in s i n j e c t i o n  of excess ive  gasoline i n t o  t ! r C
l - - ~~l~~h~~d .  A - c r a n d i n g l y ,  a d f f e r c ’n t  sy s t e m  u t i l i -,n i ts m; in j e c ti o n  Fcc  s a em s -al  I hy d x a u u l  ic

m,cc . u ; m  - d a t e r - n - c t ’ ;  d u - v n ;  i sp , -c l in s a p r o t o t y p e  fo r  th se N o r f o l k .  in s t a  I la t i o n  and p r o red b y . - n
t -: cnn in  1:1 - r u m  l — f ’ cr- ,t I i  me t a n k .

F l  . ; l t r e  ‘) r ihc - n - m t I m - :  a r r a n g e m - m m n t  of th e  a c c u m u l a t o r — t y p e  g o so i l r s e  i n j e c t i n m -t m y s t ’  - 
- i n - e d

c- -s t im — ; [ -  l o t  f i r e  t an k  - G a s o l i n e  m a n -  pump ed f r om  a s t o rage  t a n k .  by a 5 ppi r  gu- nc r  p u m  - p ,
pm : -;5, - c m tI-roug h a Dross’mums; r-sgntia tor that con trolled pressure at 25 psi , and  c m~m m r g , ; d  1 m m t : o
a p s i  I s;fi b j . , m h d -  r — t y p r :  l ;y d n - m c i l i c  o c c r ; m - m u l a t c c  p r ech a rged  w i t h  a i tr r-rgen  a t  1. 6 p s i .  G ; m m  i n g
- an ’ : n p - r i m  l a m ’  syn c t i n - n  g a s o l i n e  -n -t o p  was cm p -mrat e d until the accui-muiat or was nl ;argc- d t ,~)
- -- .;- mo t h  t m - — r u  g-. m i a t c r c n m s t r o l l . - . d p r e s s u r e , at wh ich t i~~~c ; t h e  a c cu r n u l a t u , r  c o nt a in ’m d  6
m c t ; r r d m ( 1  ga i l - a )  ~ F m ; m t s o l i n e ,  T h in ;  took 12 seconds , but t h e  pump c o u l d  ha  r u n  b r: ; - . :-

W i  t ! ;e u t  c h ; n n g i m i . ;  t he  am o u n t  c i  y u s o l  u -n e  Injected ; excess gasoline would he by— passed
t i - r n - m p h t h e  p ro s  ~- ; l n c m r : - g r i l a t o r  bn, c~~ to  the  s to rage  t a n k .  W i t h  the accu emm uti at or charg md ,

u r , l i n e  i i  j ” s  l u - r n ‘-r~s ,  ope :’- ’d b y - nr’rgi Zirg the solenoid valve that admi ttcd nit ruagnn
t o  I he , t e t ’ u c -c t ~ in: ;  1-c i  S I s O .  T i m c r  sp a r k  s ys t e m  was then  u - n n e r ; ; [ mm u ’ d , and gaso l ine  was in~~cc t , r d
b Y - - : - -

~~~~~~~~; 
t h u . - ,0 1 c f l Oj d  :n lee ,mt t he  a c c n u r u l a t o r  o u t l e t ,  Th i s  dumsp m d the r - r t i r c  q u ; s n t i  ty

~ i m ?n -~~l ifl ’; in I~’ - - ac cmm-ntl a tn- .r t n n r . - m m g h c the in~ ec tor . The solenoid va lve  and t i tus  gas tl. : rue
I n j e c t , r  s - m r s  t l m c m n c~ I s  - .-d u r m t l  I t h e  i t u : x t  cyc le.

T I m E s  .sy s? . : — :  , : . u m ;  i n s t a l l e d  in  the  15 — f o o t  f i r e  tank  and used for 100 i g n i t i on c y c h r ’s.
T I  p r n - n ’ i u - d  - f ’ - ry  r , .s - ;j s t en t  in ope r a t i o n , The b l a d d e r p r ess ur e was a dj us t ed to t h e 1 e v -r i
no d’ - --! or c r mm n p l ’ m t l n g  g a n -~~li r e I n j e c t i o n  w i t h i n  I second , and the  pressure regulator was
i t d r  I to c i u m - u r m; e  6 p eu n d s  r i  ga ’m u - ii r n to the accumulator per cycle. The quantity cmi
yu~~ o h  1 m m , - c t r a r - .;cs d c ou l d  h - n  ad j t t s t . -d ~-n s i. Ly by r h n a n g in~, the s e t t i n g  of the  p re s su re  r c c p u —
l m c t r a t . f m . 0  ; ; a s n l . i r u ”  supply r a n k  n-- ,;s m r n t n t - -d ru -i a sca le  fo r  t he se  ex p e r i r mt e n t s .

f t  i s  h c - I i e ’ - - -s ch t ;h at  th ls m y - n tm e mi ~r r e ’I i d r -  ; ad’’quate safety for t h u r  Norfolk i nsto 1 ha--
t i o n s  b y l i m i t i n g  th e  p o s s i b i l i t y  of  a c c i d e n t a l  g a s o l i n e  h ’ - n k ~m g e  i n t o  t l uc r  s i m u l a t o r s .
3 ; r - i n - ;  t ucs r ; - -n i  t opus r a t i o n , on 1 . - f i r ’ ’  q u a n t i t y  n u b  ga m m a I i  u r n  st or  d in the ac m u i mmm u lator can he
in jc- cted Into time si rm tul - itor . L- .i h m r .; n of t h e  ‘ m o b - - a c i d  va T ’; ’ , for e’-namp b o , cart t ake  p la c e
onl y d: , r i r e  t i n , ;  chuargi ng pen r d  of a i c - -i sc - a u - : d s , a m n i cannot rt.a rc;u ’ greatl y thur c-rrn,,rtnt ,~ f
‘.- ; n - o J  E r - - i n  j e c N - d ; at . o t hcr  t ms c . m m  r i - - ;; a c u ) 14 n ’ :  sys ; c . r  I n c  not : mr c c s u n i z m n d .  A t  t h i ~~ u - ; ;u - h of

t i r e  C: -i-c Un t i , - - ga- me l in C  :m ‘- C t  it- r ‘m a r , m  mm em mm p c ’ c~’ h  y n m u - : c  I ’  d so t h a t . gasol 1 ti e vapor or i i  tdi Id
canno t  seep i n to  h i - - r; i m mm u l o t  o h s  over mi l r ’ - r i  i ’d of t U n e .
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T o t a of C u s t s - 0p - c a  t ed  r . r s - H n c lr sj : -. t c r

F [ - g n m r r - 10 i - - n a c r c c - ; s m - c t h n u t . i l. v i ew  of th re gas— np erat - -d p r s o l rm s i m m j ~~ct o r . -\ gnu
r- s t c n m r  at t I m - ’ P c t L o m -.u u - i f t h e  in p o : to r , :-s- ;m m i c c t  : h t 1 r an 0 — - r i n g ,  r .-n i m m u - - t h us  n m - r p c n t  - ji t l no  at
t h e  t o p  of t b - n  i . m~~;ct o r  1, -mr a l-~~ m s r m , octdr ; d u r i n g  ( h r  i. n l r - c t i o n  p - s r i - m d , .i l i . -m r w h i — l u  t I ’~ - g o - ;

~r -~’~ s u r e  :; v en t e d  mm md th  - p n p p ’m  c l oses  L i t  au r a l  th e  pa -‘~o l i n e  f r o m  i’-~m 2 o g - n  ou t  of t i m - n
c t e r .

ur n - - u f t I m , ;  p i n - t o u r  i s  l a r g c - r  t hen  t I m e  a r c - c u  u - uI  t i e ;  p o p p e t , so that :  i. n t m r c - n m s i n ;
~r - ,ol  t m- c p m - ss su r - 1u~r s  t h e  e f f e c t  of i n r m i m c - : m n n i n .m; t h u s  n c - a l i s : -; f o r c m e  o:u t i m c s  p u - m ; p - ; t va h. ;e

f l -r i : . . ;  m e a l ,  T I m - . ; a m - - , n : m . n r , m suchI  t i r at  20 pa gas  p r e : m ’ m n t r e  w i  [I -op en t he  p rgm~m u e t  w h -  n
;, iso l i .n€m p i n - m o r e  i s  36 p s i .

.5 f -  -I . r  I m u t t o n - n  u - n i  o~m mu r a t  ion as f i r s t  cons t m c t u - -  s-oh , the  0 — n i  m g  s - - a l  f r - i  C I i on
n - a s  er-I L i  the e x t e n t  t i r a t  t h~:; p ’ p p et  CeU Id  n o t  o per a t e .  It was mm j pc: n - n t :  m: ;o t p-’m m ; o l  fr - m o

l r m l m n i c a t  i o n .; n - m s  n o t  a d s q u u a t e  f o r  the  ;mornr a l u I
- m q  t o me ’ s pec  i f l - o h  Eon I~~ d r a u 1 i . e cy- : t m ’ m m -:s

T m 1)—ri mg pt-cove n-au-n ch -e pm- n: -d o provide onl.y 05 0’35—incht c u-impress ion of m: i-m e 0—r I u - tm ; ,
f~~ I l n - ; : m S  .- ‘hjch t I c , n  j m n  ~n c t :or  w a s  c y c l e d  t h n u n r g h 18 ,000 o p e r a t i n g  cycl . -:m -r at  a r a te  of 10
per - c i n u t c  ‘ - ;t m l Ic L i  l I e d  w i t h  g a s o l i n e .  No gaso l i n e l eakage  i n t o  t b - n  a~ t u i a t  m g — a i r spa -m e n
c c - s - m t - r d d u i r i  c m . ;  Lb I : ;  t U n e , and  o p e r a t i o n  a p p e a re d  e n t i r e l y s a t i s f a c t or y .

T I : - :  c o n m s m i ; n p t t o n  of op rm ra ti .ng gas r.uas ‘tumm y sn - c u l t .  D m u n r i n g  n ; -- r a t i c m n m  10 O I r l C l i  t he
- pp - - t  -;c-ch~~n i  so wan ; c y c l e d  18 ,000 t r - i e s— — e q u i e i a I e n t  to  10 r ip- r n - t i  (mc- ., ~, . m r t d ay  for  s ix

-e_ ~m r - , — — i e , m ;  1m _; 0 mu qu i n t - m r  t o n i  of n i t c m m g c m e rn gns  u - t . m  ;t ~~r - ch . T l r r m m s , i t  i - n  f e a s i b l e  to  s-se
a a ir :  : : n - ; m ; m n  t a n k  lo t -  p . . p p m t :  an t u a t  I 01. A statsdard 1.80 f t3 tank of .i Lm:cp ’:.r: ‘m -ms~ t $4 ins 

c , 1972 , so th at n p m r a t n  in : ;  cos t - w o u l d  be nc-,mi i sa l , A c t u a l gas cr-m , - :-t :,,stjon u t  i l a r g e
in -m ta I ia t ion n - ma u i Id  h’s I ; I :.;h er  , as - m r pp l.y p i.p i n-p win - u I d  he Li. 1.1usd c l - n  sin:; eaCh c : I.e -

P r o s s n i r m ’  d r -p ac-I f l ow d i s t t r i hu t i o n  f ru - , m i t he  i n j e c t o r  t i - ire  checked  b y flca- i i tm:; r c a  t e n
t ’ mme t ns - ;h i t  . P r o - ;  -mo re  dso?  c i ns--~ :nl y chec kc -c I  cmi l.cu in L sd ‘Ia lu -nc ;  , a m n d  L i m e  ro d  I cmi d i n ;  t r i .. b m m  t u rn
-ml n - - u m t ; r  m 1mc p - -o r - -d u n i  f o r m s .

d n c n S : r c m r k - J g n i t i n n fl y - m t , -m

~~~~~m : ’ De-,rc 1 o pmmm - m - t m t

electri c- il spark-- i . ; m m i t i o n  n m y n : t o - t n  i s  u sed t:o i g n i t e  the  g n n s o l i m u r n  as i t . is-n i n —
~ m e t e ; !  in t o  the  a i m m ; m l m u t o r .  Ign i t i o n  t ak e  ; p l a c e  when t i m , ;  wave  of l Ot-/ n mm- p  gm m m o l . i n r m

- m th us ,pa rk  g a p ,  au -n d t h e  f i ; r ’ i - c ’ m r n r  u - I i a t e ly f l a s in c : ;  over the  ent ~ rum ; ; a n o line  n -ocr —
r a c e  - m m d  gr am - i s as t i n , ’ -g c m ; m u - r l in c  n-J av a  a d - n u i n c e s  n ’Ir: - r the  oil  s u r f a c e .  T h e  e l e c t r i c a l . cc-- ;—
r - — - i u - r :  a j r t r. l n m r h -  a h i - s - i — y e , ] t a g u - n  i gn i  n o n  t r an s f o r m e r , a h o e — n y — d u t y  g a :—  t : tr h i ne  spark p lum; ,
a n t  w a t e rp r o o f  , 0 ;md: i i  In r m m m n u ’ c t i n g  t i c -  n .  An mn mm vm c :t er  in the  p r imary  of cimmm t u m e o n s f o m r , m m - r

- - i l l  i n d i c a t e  s e e r s— c r y  cu r r e n t , w h i c h  is the  same for  art arc  or a al er t e d  gap .

Fs -n p er  1 -  r e n t a l  i gn i  t l en s  n - I - n r c ’ ic c-gun us i n g  an au t o u n r o t i  i- — t y p e  spa rk  p l u g  w i t h  e x t e m c d c - d
ele c t s -  , , h u t  t ! m -  Sc: p r c -/c  ul u n r e l i a b l e  as they  were  f re q u en t l y s h o rt e d  b y c a p t u r i m s : ;  a
i c . p  of w a t e r  b e t  -mci - n t i n -  e l e c t r o d e s .  A l t i u o u g h the  p lc;; Woe id usua l ly e l - m a r  i t s e l f  of
n- n t ’ - r r-: i t I - i a a f~ -i s - e n s - m u-b , i g n i t i o n  failur es occurrr :d about 10 p e r c . m m - o L  of the  t J t m n ’~ .
A c c o r d i n g l y ,  o t i ; -  r spa rk  ;t l m u gs  and s p a r k — g a p  a r r an g m ’:r r ’ - m -n t s  w er e  t e st -d in the  l. a b r n r u m t u m r y

n ;y I o; - m l ; . ; t i ’ c m c  i n s a pe n r - fi [ w a t er  w h i l e  fir i t i g  , and apr  1 sI : 1 log th5rm v i  t i n  w at e r  lie f o r e
a:. r h m ; r  m m I i  r i n g .  Tb y m ; -it c a I co i r -mn r , e r m ; cd  fo r  sev e r a l  days  at a t i m m m e  , L I en ~ i c u r d .
S yen  d i f f e r -  m t  t y p e s  of tiu-a v y — dn it y ga s turb i ne i g n  i tars 1 s e w n o r n u l i n d u s t r i a l — t y p e
‘P° ~- ’. p l u u g . - ; - .-e ;r ’ - - m v a l ’ n n m Le , i  aed  one , the  Champion F~ 4 7— 11. g a s — t u r b i  mm- s  i g ni t e r , p roved
‘ctirel .5 - satisf5rto ry n-nd ~ r~ ; c r t 1 y su p e r i o r  to  a l l . ot!nc rn i . T I t i s  i : . ; m m i t u - - n was i n s t a l I -  d
i n  u - h - ;  i ,  f ia t ,  f i r ”  mi nk  and used for 100 ign i tions w i  t i t o u t one f a i lu r e .

B A T T F L L r  - C O L U ME ~~US  
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T i m -  m ’ P.’cJ I i  I ;;n I t c - r  ha ’; a c e n t r a l  oh ec t r ,-:d- - t h a t  t - ’ r - m m m i n a to : : ;  in a 1 /4— j n c h — d
c; i m d - -c , i n  t u r n  c e n t e r e d  w i t h i n  a t u b e  of 1 / 2 —  i n c h  ID and 7/ 8— h m m c h  00. T i m e  0.  125
in c h  space b- - t w ~~sti tho  t i t h e  nec! t he  - - -s- n I n : - r  c n l e c t r c -m d - ’; is pm - - a t  r - r s r u t g h t h a t  ecu t e r  ca c - nc u - m t .
b r i  -h ; - t h e  - ;p a rk  p i p ,  hu t  f a l l s  t h r o u g h w~i t i m - m m m m n  s h o r t i n g  tb — s - icc.  A 7 / I P — i n c h  ho i n
th ~em ni ,g !r t h e  -n ic I ’- - o f  t h e  u-tiu t ’:nr t ub a  p r o v i d e s  f o r  e q r i a l ; m n r i o n  of the - -j r-t im- c lo n i l  j m u ~~i d - :
atm I n c u ; t s i c ! - - t ime  t u t h ’ - , so t h a t  w a t er  cat i m so t  :s t .i .. cI In t I n - - t u hc  ,-mr .d  cov- -r t ’ - t o m )  i d ~ 

n - p  nI  t h , :  n p - s r - k  p i no; i no p l a c e d  a b o r t  t 1 i n c h  shov e r P m  s lu r  f a c e  of t I : c m  ~~ i I ;m : lc! wa t e n
1. 1 the  - ; i m n u u l - s r.n r r .

T i m - - T f ; a i t i e n  T r a u s s f er m e r

-‘ c u r  i d e n t i c a l  i g n i t i o n  t r a ; s sf c ; :’:r- r s , c-no Fc c r e ac h  i gn i r - e r , n-fec ’ :  u m s e d  i n .  t i m e  i S —  foot
I i n - - t m i n k ,  T i n e  t r r . i n s fn r m e r s  :-:-n: ur ,nm s t a n d a r d  o u l — h m m r n - m r  i s - n i  L i o n  t r a : m s f o r m ’ - m - .- ,- :: w h i c h  ha- s-- s

n u r . d ’ ’ n . ; ’ l- - e xt e u m s i ’ i ’ m  clevcr l.opment for em etcu -mm m m cn ly :1g b r e l i a b i l i t y ,  and t ic  d i . f f i ~~u l t y  h e - ’;

- - - m s - c - c  I - :  need -.- u i t h  any of t h e  t s-~; i ( r . J m r s  in t h e  c cur mm ’m of the  e x p r r : n m - m n t c ; 1 . pr cg. -~r - s n .
T ime t i  t r i m :  f~~rr -me r op e r a t e s  w i t h  a r r i m -n a r y  - t u - c i t a g i m  of 11.0 vol t ::  ant i  a pr  i - m a r y  cu .i m r c .-t i t I ‘ m a t
cia :- len s Ine r t  0 , 10  a ‘ C s -  w i t h  an ccp n ’ :m m - m c c c e d a r y  to 1 . 5  a m - p -  m r , - s  w i t h  irs -os -- c n n  t i m - -: m5- ’. c , n c l ~
d e n y  c i r c u i t,  ‘h O: sec ondary  o p e r a t e s  a t  8 , 515 0 ‘;n1t~ n - :mrl  20 m i l l  J a ’ s - p c - r a s , e i t h er  s l ; cr r t r  ci
or w th  a n o , m - -m ma l a r c,  The t r u u m s s f o m c —.ers us mu - I in t I m e  e at t -m l l .e  E - xp e m s - ; . ; ; : e m c t n s ,~- -mme  I-Jchn , I. u ; r —

le et  s - i.e - .- ) r m  82 2 — 1 5 A O 6 .

Sp~~r P — D - - - t : e c - t -ms A , : t u c r

- t o m - n  of t h e  l a rg e  d i  f f e r , m n c e  he tno c cnen op ‘- : s — c i r c u i t  c u r r e n t  and c-;or-cia l c:u rr- - ; rm t 1(jn
t I e  ;n [Li on t r ; u m m s I nn -c --r s , us:: -m r - m r - n - - u-s-c r can be u s e d  in  the  t r a n s f o r m s -- mr p r i n -. - a r y  c i r c u m i  t to
I d i .  a~ ’ p r o p . m r  f i n  fl : of t h e  sp c i r ’ p i m m ;s . T im ’-: t m -u- s f n - n rmcm ’ nr  p r i m a r y  c u r s - c a t  I a  on l y 0 I
a s -pr  s - - muI r-m n t he  - - ; f - m r ’c — p s - p  c i r c u i t  is  op en , a n d  1,5 c-1 T- ’r es  w i t h  a n o r r m a i . sp m ur lu s -  t ! c ~u ’ . 

— a m ’  - u u i - i~pn t  ~-m r i s c -  1, 5  a - i - m r  - -; : - m i t h  a n ; h o r t c - d  sp a r k  g a p ,  ‘~F n i  ~-u oc c u r s  i f  a d r - u - n p  of
w a r  r b - i - I  - t h e  . h r , , m t r o d e s .  i n ce -m i s - n t - t i n ; ;  of  t i m ,’n . p : u r 1  pum p i n  h i gh l y u n n ’c d ; s i i , m n - m n l n

, m i . t i c n  ‘-I , . - - ; m  u - n o t  n c r - e r , cc .n s U l - -m a h l e  ‘e f f o r t  - -.5 :5 d i r e c t r - r l  towa rs -cI - c imt - i i rt i mi g 0
S~r 1C ’ < g . u p tha t do- - s  r io t  s a rt  w i t h  n-s-m t - - r , :n ms - i  no s h o r t i m ’.p has  b een  u - -; < 1sen r I s m n c u ’d a t  in . t t ’n l Ic

~h t h u  p r e s en t  ;c ; ~~t u c n b j n -~r. g m s i t e r .  it  appears sat i sfac tory to use onl y one am’cm e l: i-r f o r
a !  1 t r an ~; for - ’m - - r s  , i - ;  -io rm ’n ur l :- -e d in g s  :-ef I L  be 3 a s-p ores for  the two L rn - - m s  f o r m - e n s  i n :  l U  f - o t .
La ’  -n 1! r - - m i ’ n u u l . ’ctor uis-d 9 n -pores f e r  the  6 t r a t s s f om m e r s  i n  ~-n g i n ; -— c o n - -s s i - ’. - n l a t o n  ; a
c l a n . ; : r r f  I . S nump - c- n f t - c m  e i c h n : r  ~ 1n r- . - n - ,- m n u l d  he e a s i l y semen on .-m l P — n r - n p r ; m : - - s - e l m e r .

o n r - C . u j e r ; t a n e ~ m

‘ I - - m i  e m  u ;  t h m ’I o r f o l ’ c i ij t i . cmo y etn oci s  the me~ r n - o s sno m mnmn c orm cc os abou t the  e f f e c t
o f u -~m i a c i t a n c e  i n  c i i ’ - : h i g h — v o l  tap e  i .gn it ” c r leads  i f  t h e  t r a n s f u - c n - r;, ’r n -  mn - s-nc-  l o c a t e d  , 15 f e -m t
Cr rno;n - rom r h o  s , , u c I -: p l c i : ; - m . A c c o r d i n g l y ,  the  i g n i t i o n  sy s t e r c m  was checku -ci  w i t h  151)—
f ri r) t ‘ - ‘ n - ! ;, w ith two 5 0 — f o o t  loads  t ape d  to :. ;ether , and n - ; i t h  the tapns cl 5 0 — f o o t  l ead s
n - i l - -c ! i n t o  u s -  , s i i — d i a : n c u - - r. - - r  - - n-n i l ,  T im e  s park s  obta ined a t the  spark  p lo:; were  a l l  -n c-ir s- c m
is-m t - - n m - ’ t h ;u t, t h r u s~ n-/ i th  sho r t , le, : .r — c a n a c i t a n c c m  lead w i r e .  P r im ar y  c u r r e n t  to  t h c n  t r e n s —
I - -r n-i c r in c r e a s e d  n~~’d , n r  c on d i t i o n s  caus i - p  mo-re i n t e n s e  s p a r k s .

Ign i t i o n  S t u d i es  i n  15-Foot  F i r - s  Tank

LL~~~~~~~~~~~~±~hJPP mom and 4 I n l e c t u - r m  Sys tems

Thu 15— f r e i t ;  rnu rm lc  was set i m p  For gaso l ine  in j e c t i o n  threu g h fou r i n j e c tor s  l oc a t e d
on -i i2~;— i n c h  c i r c i s - , a-c re cc~nms-,nen ded b y IITRI 0 ) and s i n e  f c m  i n j e c t i o n  t h r c r n ; g iu a s i ng l e
i a s - I ; c - r  i n k - —  t o r  a t  the c e n t e r,  The p r i n c i pa l ohj c- c t i . ves of i gn i t l eu t  s t u d i o s  in , th e  I —

f e e t :  f i r ”  t a n k  were to commt p a r-m t h e s e  two i n j e c t i o n  sys te ris , and to  d e t e r  i t -  opt . r.n u u n i  in—
~~- n t i n n  mi nd  i gnition c o n d i t i o n s  f o r  the  bes t  sys tem.

I - I - n t - k n-rn a hicc ’,n u c u  by f i r i ng  ;yu so l ine  d i r e c t ly  upon t !s-~ w a t e r  s u r f a ce , w i  t i m  no o i l  p ro—
.6- - m i t .  f t ‘ - ian ;  f otind that , wit h tb ’;  f ou r — i , H - c t r m r  ay s t n - - . mr , com p le t e  m- ’r g i u l I ;  of ~~~ ci In c
f l c m , e n : u  could  he obta  m e d  by in j u n c t i n g  6 to 8 pe c’s mid ns of ga so l i ne  in 1 sccou id . ~ i ii  the
i . r c y - r , m i n g le  i n l e c :t o r  at t h e  c e n t e r , comp l e t e  coverage was o b t a i n s - c d  b y i n je c t i ng  -n r I j

~~ A T T~~~ L L E  — C O L L J M H U ~~
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I t o  g p c e m m : : d : m  of g- - s - .u -u l i , n - . I n n  t I c l ~~ r c - m m p c m e t , t h e  s i n g le i: s j c n c t r r  ap p e a r e d  t o  p t - - v ; i d - - - - ‘1 r s - u l
t i m -c - : - -o n - O s - ; . - - w i t h  L e o n ;  f - n - I .  TIi c - f i r e  o b t a i n e d  w i t h  t i n :  n n l s - g i c r  i a r g - m  i r j - ’m c n t o r  m- .-~m - ’,

C u -nt ) I( I c c t m i b l j  l o s - - n  t i ; , - n : i  u - m u -  o t t -  m m m l  i~ - r  F r u -ms for u m s -c l  w i t h  f o u r  i n j e c t o r m .  A m m p a t -  p i m p
a t -  - - a sh  i n s  .: cn tn - cr ‘- c m - ; - - - -u - I u - u - n  i . 1 mm i to  thn -’m ps-n -mc i l i n e .

1~~n s t n i c c r  t r i m  C , - 1 ’ . , m n t i n l  f ; r ~~~ - c m t c n r  iii oil i g n i t i o n  t e m m t s - - ,’ i t h  -s s i n g 1 ’ : ge - m o L : m ’~ in -
- Lo s- , ~ l I l ay  ‘ c~ / m ~ to 1/ 5 —  i c r - - l u  t h i c k  were  u u s e ’d .  T I n e q c u a n t i l  y of m - , s s o i i nu-s n e e d - -P t o

f n c r n m  - i  . - . n - - s -n i  i n ’ - I I C s  n: ’ m m 1s l e tc l y ~n c n -i - - r i n g  t h e  s u r f a c e  of the  t an k  n u-s m 5 I o u m ; u - I  u - ia ho c s i m - - m t t  6
‘ m c  i m — — r c  n h  l y t’n . c c - . ; t l n , i t ne d - c d  to  cu -s - s- er  t b - n  s u r f a c e  of tho  n -m a t e r  cn-he mt ni . i mn-a s n o t  p r e —

Se n t ,  - -f l t I c  S I c - u , i c c ’ )  s -u - - I o c i u m y i n j c u- L ion  over p e r i o d s  up  to  6 seconds , th e  E l  -c ;n ’ , n s p c i -ad
r e l a t i  vem- l y o l cn - i l y Iro n  t i m e  L n j c c t . u - r, and  9 to  1, 2 pounds of -gaso l ine  - s - s -r e  r e c 1u f r e d  to
c c - / m r  t he  t e u -  , c m r f a ce , I i s-m u-u f or  f u j I  1 d e ve l o p m e n t  of an oJ. i f i n - c e  wa.c a b r ’ i t  30 seconds .

- ‘5 - ; r ~ - r , w i t h  w I, ; : )  c/u - n i c / n  i ty  of 10 m p h , Liu~. g a s o l i n e  m-f a e p o s i t e d  to t i m e  i o ’ -  i rd c; 1d m :  of the
em I t  m m m l  d I d  n o t  - : p n s - - - - ac l  to  the  w i n d w a r d  s i P - :  u n t i l  a I a n : ; - ;  oil l i a r -r e d e v e l o p e d .

P. .c : n I i n e  n c j - - c t i o n  a t  h i g i n c : r  vo],00 i t i m c  over s h o r t - - c r  p e r iod s  r e n s u m l t c - c l  in l s - : L t e r
of t i c : n i t - f a c e  its w i n d , ~m s t  r c s su it s  were  o h t a i n s ed  ‘m is ts-s i . nj e ct i tr g  6 poun.d s  of

gum c n n )  i n - n  - -j i t h i n  1/? - c - c o n u - I . T i n ’  g a - : o l  inc f l ame  covet -n -nd the set -f ace  n m o i f c n r : : n !y u i t l s i n  I
~ - ‘n C e : - I .  I i ’  L l ~L s f a I c t r ; ~: -geso i . t n e  Flame peaked w i t h i n  5 s e c o n ds  and d r - c r c - i m cme d , t I m - s n
t b - n  o i l  ] O s -~ . m  gr u-- :! lu l l  S i -,,’-: cs f m ’ :r a t o t a l  e l a p s e d  ti c: ’- :  of about  30 s ’:conds.

f g ’n i r~~ c n  I - / : -  I 
- 

n - - - n r  r -  - m u-o r - s .  WIn -n i n j e c t i ng  g a s o l i ne  f rom f o u n t -  i n j u- :c t or s , t i m - s
O p t  - ‘ m c i  cc m u - l i t  i c - m r s  of v e i n  i t . y  se c t  i n  j e c t i  cm i p e r i o d  were  f oun d  to  he about  the no :’.ma as
t I m - in n-n f o r  one i n m j m- c m t n r .  in ~ e c m t i o n  of 6 poun ds  of ga so l i n e  ( t o t a l )  in I second or I - - e s
p m s - -nv i u - I- - P cc-  - i n - - t a  I La::-u-m c c . - ; c - c c m g :  n - i  t h i n  a s m - e m e n d  dir u - - so , au -nd an oil fl .s:-e d e s - c -  loped

‘- s - I  t I c  i~~ 515 n o t  c ’ n o n I - -: , I-I l :- - :5 p m  - c i t  i n c  n - a s  i n j e c t e d  slow ly ,  the cffe’:t oil ‘ml  rid was
es -n a L I  mu- e a r L S - -- . 1 - 5 0 1  i ii-: - n - a c m  . o u u pp l H - d  en t i n s  - - i i n -ndm - s- i rd  mm l u - I n :  of t i m e  t au sk n m n m d  i t  b n m c n e d  t I es-re
-mn - n ‘- -a -s i t  su m  at  u - m u - n - c C  s- ’ i t s t S ,  I ’ m  ‘s-er , t h i n ;  d i f f e r e n c e  r n - a s  r o t  s ig n i f i c a n t  i f  h i g l m I :  J on —
t j , s  - ; e i n - : ’ [ t i u - s s w -  n - n  m t - m e d .

T he  ra t ’ ,; u - c f  p.s-n c- . )  I n c  1 - m m t -  m nit mn -as ch e,c l’meu -I by e x t i n g m u i  s i t i  s-p t he  f l a m e  15 seconds  and
3-5  cn - ’ c c c m r d : m  a f t e r  i - g u s i t i cu . A f i . -er  t u t e  I 5 — s e c o n d  e x t i n c ; n t i . r .ii:: ’ ’ m m t , s u f f i c i e n t  gs-isoii .n u-n r e —

s- m n .ms - -: -I 1 c a t  t i m e  f i r - u --n e - ‘ - - m I d  h -s  n - - c l  - ,:n i t e d  w i t h  the  spa rk  p l u g s -  ansd r -  s - s - f i t s  of l i m e
5 s - c : n n  ‘I o X t i m ’  c m i  ~i ‘-c nn  m r - i n - l e g ,  ‘n i t  cc th e  3 0 — s e c o n d  p er i o d , th em o i l  cou ld not be ms- cm —

I s - mi  n~ u - I n i  t i m - i t  5 j u - - c t i  u - _ ni cc l n r c - u  -, t n c u -m lj n e , I t  ap~~- - a t - s  pncfos ts ] c r  t h a t  s u f f i ci e n t  gd - rn —
I i  s - n . m u s -n f l  m c -  h u t - m m  P c u t  of t i e - n  pa u - n ’ -m l I n n ; • o1, 1 m ix t u r e  d u r n  r i : ;  each cyc l . o - I r a t  the o~~i- r n c s i c I n u e

~..c L l l  rc; t h c m  h i gh l y I ! : m m n ~ - h i - ’: , m s - -m i  t h o r t p in ems -m r - u g a s o l i n e  mmuay r - c m a i n  in the  r n s i m - m t u m r e .

;t  
~~~~~~ cocc i. I n d - P th c~in p e r f o r m a n c e  of thm:  s in g io: — i n j eot o r  s y s t em , :t s in g  crc- u i n j e c t o r

anti  u - c s - n -  sp a r k  p i m p ,  was as p c’n u-o l as t h a t  fo r  the f o u r —  in s j e c t e r  sy s t cn s  us i u n g  f o u r  i mmj sct o r s
ac-d s-- m r o p a n -I - m p lu g s ,  A u - m c c r u - ii rig l y ,  t he one— i n j e c t o r  n,~c te .n mu - as  m e !  c:- c t :cd for f u r t i c e c
cl m n e n j c ,p :- en r  and  o p t i — s i z a t i c m s  because  of i ts-c oi m - : p l i c i ty .

Lie  ~~ f~t~ fr -~~fgL ..I~p i L n n c n i C O n d L t

To .sys t o - r r c a t i c  I p r s it i o n  t e s t s , ge - m u - r i  in c  p r e s s u r e , I n j - - c t i c n s  p e r i o d , and i;s j~:c t or
it s . ;  r n - m s- c: i n s t - I  n d  u s i n i g  6 poun ds  of gmn c ,o l ine  per  cyc i i - . T i n - :  t i s i ’nk i s ’- c s  of the o i l

lm sy u - c r n-.me 1/8 to 1/6 mccii for one grou p of rests , - i n s - r i  ah , :n t t  1 1/2 1 calm to 3/4 m m c m  f o r
a no - cond c c  ‘ u p  of t e st s .  G c u n m o l i n e  was I t s j ; n c : t n n d  t h r c m n - g l u a si n g l e  i n j e c t o r  s - n t  t i m - m  c- m i s ter
of  t I m - n  t a m m l m  - The c n p t  I -mu o n inj ect i oil pe riod was found to hrm bet ween 1/2 ami d 1 S - c f  , and
t :n,s opt I - 1 , i t s j c o n m ‘ r t -  o p e n i : n m ;  wa- , 1/4 to 3/8 i.nch , t inn ing of water spray was vari ed he—
Lm-c ~~ ’:s s t n r t i i m p  t I , e  s pr a y  b e f o r e  p n o n n i i n e  i t j - -c .t i on  , to  s t a t - L i  up the  spray  10 s - c o m n d . m
O t t n - n C  ; s - n s n l i n s  i : c j - - nm Li nns , h I , :  b es t  n - m ” c j k nn l ,mSS igni ti on o c c u s - : u n u - I  when t im e  spray was started
at~ ;ut I i , ” : m n - ’ r m e -. r ! m E t e r  ga - c u - l i n u s  i n j e c t i o n . Good i p u m i I I c  mc could hni obta i ned i s i t h  ‘n i t he r

i r m u - c i a  o i l  l~u ; - n~.s. icnw acfo r , the t h i c I ç oil layer r , - q m i l m n - -d al,i~ us g aso l  i n n  for  the
li t - - m t p : u i l _ i n n ;  al ter i t  ha d b ee n c u m n e ‘‘p r - .~ d ’’ w i t h  gu m -s-ni i n n - , - n S C ’ l  m l :  i g r u n t  n o r m ;  .-:°rc
mihe ’m t t b - c  : : n m m n u t  a or a t h i n  a l l  lay er.
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lg~u i t i . m c  . - i c t i n aJj ~’n
i _n ij )~~,j L.i~’~jt. I- ’r ~, j - ’ r u r  i r m i  w i t h a 1 / 4 — i r i s -h  c i i  J ; i y - r , u - I ’ -; ~~~~~ t_

I t I on ome n ‘ t i  I ‘s -u w-’l - - ,~ m u n  i m u  Pu I ch t_ l i  1 nj  - u _ i - r i  ; ; ;i ‘d l  .0 f ( c 11 - - ‘ c c i  :1 t - s - nd I I ‘,:;, s-u , i n
- -  -~~j~~ . n i t - f~~ , ’ u -  t .~~ m u ~~~~~~~~ ‘! jn : ’ . ’ c m - ’ r ;  i f  I I . ;  i : n ~~ n ’ n t I ~~,n m l :  n . nn c: -; i e m g L l . e ; n r :’l b -j o el I

I n :  i i — ,  --  d i : ; , : : t ’ r  d i d  r , t  n ;c ’ n ’~/ ‘ m r n ’;p } u .  l i l t _ h  ;- : ‘s-;- - ; i ’ ; - _ i m ’c 1 c - _ t. i” _ mi ’/’ c I ’ _ (_ f i j ,
l a i n , - ’) s - l u - l u  - n fl j f l j~ - r : l ’ nu u g n n - u m i u i g  ~ I 1~~s - n ;  i n t l  I / b  i fl ( m li , m s - i n - i n .; c f  ‘ a s - d I m e  a . . d  c~ I I f i ~

- - c u  - - u  r id n 1 t m  I I i n  ; u m - i: u~ c - I a ‘ , ‘n~~ d a : 11  t b  I ‘n o r s-ue! c ’s-it. in: I s -  - - mm m u _ m u s -- :  l’_ u _ s -~ I ‘s- ‘i -p

‘ u- n I I) ’) I : ‘ - t  ~~‘ c i  s - ’ aoc ; n ’I  ,/‘ c C , -  Imi’ j - : m , L i ‘cu t ‘P . ~!n u - I the I u -;— I us -ct. ‘ :,‘.Ot ’ct - ; ‘ ;n - . ’. u l i ; . ’: f i n - - n : , t i n :

n I l  f 1~emn :e , ’r ’ ’ : r  m m ’ , f i l l  t i m :  I m c i i i ’ , w i t h i n  ~ ) 
~‘c ’_ r e c d ; .  hcun -n !. ’~n , r a , l j  : s - C ’s ;;m .’s l r r c ’s .oc m , c c —

‘ 1’m t - ’ -d  l .~, .~~ i - ‘1 ; l c n : m n l i i l c  c ’ s - c r 1!’  - - t u t  I re  tnm: n lc  - c i t - t e e n : , a; t I -c s - n c ’l! :s-g --mc !’: cm pc-n - ‘c~~

l I s - n n .’;i s- . u l t , n . c m u - c s - I , . . ,l m l  t i n - c  v i . u _ - _ u i - , oi . l lay c t -  t . - . cm m - . u n ’ _ I r  : ; s - - : e t - c c  -;;s t_ c n t  m i e n ; i n  ‘~;_ L c r
a i o:t ’: . ~~. u u  p r - c ’ / i - ~ r t s- ‘ ‘ -c h i ! c n a I j O m u  t - m i ; u n i , i i i t l i  g a s o l i n e  i i i j e ’ t -cd  c /e r  i ; , t - c t -  ;, l,~~:me , t i n ’  
t n -P-n ~~m~~f n .~ _ e  u-~~ m u i d  I , ’  o m , -iu - c r ue d - 1 1 t h  onl y 3 p c , u m n 0 ’ ;  ci ps-i

J i m c : s - ’ : a l l t t - ;  I I n - n m  r : n : / ’ c r - c u l  I n n :  o i l  su r f a c e  t~~ ;, l b — f -  ,
~ t ‘-il - tor 1 m m  2. l. s-  3 nn - .cc: d s .

[n - u  rat ’ ~~ : ; r n n n - l t i n  o l - L I t ’ :  (s-I n Is - . ’; IIin :n ‘ i i- s. ; - c ’ I  t ’, d c c p n ’ : r P  : n l -  ‘- _ i t  - ‘ : .t i r - c l y  u iV m n 1. 1 ’ :  c a l .’:
n : ts - p r ay  ‘m cd i e i . ,k- , c i n r ’ c m s -  on .  11 11Pm 20 ;‘,pns of Sn. mm - - c  . p s - ccy  I r n -s t I n ’ : cs - s - n s - t 1  ci

p.c ‘ c l  i f l~ I ‘ m j n c ’ : t i o u m , f l ; u m ’ ’: p r o n u _ l i  r n c ’~u i i r u s d (~u-) I . - , 51) o c - c e r d - m _ m m  n , S t n : r f r c i c ’ l’-i c

ncr 5 s-e’.mn, nnd - ; t i m e -  o i l  [ l a m - mu r I~c / ’ c l r cp ’:d i n  ci i n c u n t  30 ‘:ue’ n ,n ’, m I , j l_ I~ t- - .inmn i ’m n m rm a m p - .n r -~ l.’s-, !
‘,j - ’ b- - ’ _ c u j ~~~ t, l n e r i :  1 ’  a I m- ; t : no s-s-c!’’: Pu n t in g u-Pr’ : I r t  S s -mco . . ’i- _ c - l u - n cr  . ., ‘ :o l i m r ’ :  i m J . c c t iu . ns .

‘n m l iL t . i c ; as 3 1~’,’ m m’-d~ of ~‘a- , ’ I . j  it ’: cu , n j l d  s - m a r t :  a f i r -  a::d bu - my’ I t_ to f ’ n l  I m m l i - : .
. 1  . c c1 n r , ~

s - s -t ti 1~L~U l d c t J , O f l  o f  s - e n t e r  s-pray - em -, c r i t i c a l , a —P P .  t I n . .’ ~u .c I I~~:i~. ‘me-, m~I ps-_-e:. t -i ..

abc _ ut  ‘5 ’) .c ’s - .m m d ’ ; . At  t i m ’ : (, t l i n ~~ u c : < L t - n - n - -C , i p n s ; i L c m l  was - u~ ,~~ - i~. . c f l t l y 15 ’s l t ’ sr n i ’ ,h ~2
p s-nd -

‘ ol pa -- c  i i  C- : t h an  ‘~I 1 t i m 6 p c r i n : d  : 1 - ‘fl ,: , , . ‘is - ruins :yn 5 0 1 1 m m - n  — n a m t  i mm ? r u - s - m  I 
~

‘ n ,~, 
. - n - ~~0fl

5 :c n c d l~ ; o n  ‘ 1;  d O j c . c n d i f l ; t~ n n s - t  : e n ’ m I i t i o m m - m , c d ’! a:.; a: ‘ . -t s - . t ni l  L cs- ;-:  p r u -c d ’ie .:s -ma cc . :—
I s- . t - - r y  i pa i . u- . i .ui s- .  3.} n r _ 1 n t r . ; r t ms ..nd i t . c r 5;c 0 J ;_ r . : ’ — s m - m s - :  d m ; r ; n ~ u - .  1 ,- l  i m e s -~ ~;- _ r . - ~ - s r i / n -;

I , :  and - -mi m m ! ,  thus ga -m c , l ine  r n t i l _ y  u ’_ e d .

n~~~~’ u- ’ I in n ~ I n~ ee l~ I u-mn m r - c  - - s - m t - n  for  c l n t  i ’m .; I p 1 t i - s - s -  c m s - d l  — s-mm s -n c cm, i y 16 p - . i.
F - ‘n , f t  ‘P , - . ; i id  ~~- : 1m u , m , n ; i h i - ,  Lo s- j~~ck w i t h  ac C ’~n . m ] c t . c m: i s-’ - ~ m _ n -~~ :n n .~~~ m~~ . .;-s u ,;. 30 p s i
a -I :;-e - - u - m I~i n : — cn n: p p r o - : - mir e  in LI: - :  -n ann im range.

I u ~~ c f l  u t t u i  J b m !’ O L l L~ p r  I n i t i  9 1 1 1 1  a t —- - t c s j
I s - m n ; - - ;  1 1 . 11 g n u l i n a c ; ol ‘ill i n t o  t h e  l, foo t : fire t an k , f _ c a m .  u - i l  I s- ja r 1 — 1 / 2  i n - m O i n e s

I 01’ . i m l:; s - c ;  u n ;od ‘ n m n t  i i  i t  L’.i r n u m d  to a i h m i c i n n m e s - n ;  of 3/ r -c i :,  ‘s-h as , C I t - c t -  n . :In lien_ h - -mu- . ’- oi l
‘- a - i  added t o  ;s-’ -ni t. c t - - :  t i n ’: c i i  t h i c ! ’,-iess to 1—1/2 inches. m ) - m r i s -~ ‘ m I s - - s c - ’, t, :s u S  Un-: m l  on-i

- ‘ - . I cc u ; -  ras -; ’cd f rom 4 to 10 n - r i l e s  pe r  h o u r .

; ni t i  en of  i n ,  I l i j u . !’ ~jl Iaycsr did not  op iesa r to  d i l l - c r :,c rs -nt1~J Ire:.; i g n i t i o n  of
t h i n  n i l  I.n -,- c r n ; : . r m c h  c,f 1. 1 m m  t i n s - c ’ - . I I ’ , s j e i - - c , t - c s -  w er e  5cc -s d i f f - : r - . m . u m e s .  Fc: c :-n a : s-ic -,

-c I :  r . 1. i : : n j l j n , r m  m ij i h  ir e - P u oi. 1 ni ’ c e t m red to requir e morn: . cc.s - I n _ s - - c  t l : ’ n . s m c U h S n-c 1L u- cf l t  I p s - i —
- I - mu . ( i i i .’ - t I-c - eu  I h i - P inc as ‘ ‘ -it- j n:m,nd’’ -.-n i . t h gaso l i ne  i t  1 .ens i mm - -i r - - oc i i l y with a 6— p r a m s - P
- ,. ‘m u m l i n n .  I nj’s-: L i o n . S l i er  some of L ie ns L ’ - m mIS L i n e  fir’: s - a -n di flIi - .ul t 1.0 ‘cXL f t s -~ .’iS i i  n i , Lii

L i — in spray  -~r - - -- - ~ Th i j - , u sua ll y i n d i c a t c.s t h at  ; ; asoi i  n~ -capo n i s  le~ - i I n p  t i . : - s - i l

~ - : c f ~~c ’ ; t i c i s  - .‘apor i -; e as i ly ign i  tn -s-I from t h e s p a r k  p l ug :.- , ‘s-c f s - u -,-s- .ss- ce l l  r ’n c i d u a l  llcs - s-u - s
-s - i r u , . n ’ : ~~~l i ~~ e La p r o s - - n t , Ii: ’- : fire does not rei gnite f c c — c  t l , s  p a r k  p l u g s .

( I . ,  Oflo ’. i , - r d c u y ,  i n ; ’ u i  L i  c m l ;  i th a thick layer of oil nor ’: less sa ti sf a ct e ry, 1mm L i n - t t
i l a m ’ -n ‘l i —I n e t  gna t ? u n  a I s - r p m s i n - - :  w i t h  20 pp m of w a t u -~r s p r a y .  Once t i n , :  s - - a t - - c  sp r ay

-n c - . ‘I u -n , t S n c f i r e  s L ’p p e d  :;ru -.- ; i n g  or dn _- v m c l c u p e d  l; rp-c h o f - c -n s- r oes - cd sp ray  rm u - m z z l s - s .
- Oil ’: t.: - m u  , s m i t h  large n o !  ‘ m a  iii t he  fire , a second ch a r s -,: os-I 6 p r i n i d s  of gaso l i n e  wa.i

in - j e c  u , d. 1 h i m ;  ins -r ’ s l  [a l :-  i -j  £ I c r - ui up in a large ifs -’: t h a t  r ’~s- r - il~~-_ u-1 I C C m s - ’c after the
-~~ n - o l j n - m  b u r n - - u I .  I t s -  is p rob abl e u -h a t  igniti on under th ese en:s - d lt t ons r -c ’1 muirc- d ci tbr s- r
- s - s -’  ;o ’n o l i n o  or i ’s-m s n -l at e r spray.

in a l l g n u u - i o n s , C’ - ’s-n t - d I , m S S  of oil thj c l - - :s’ c ’:.t , t h e  f ’s- c : ’c: rat’s of smoke—rc ~ctn r~-mms an L
‘mn- a - c  ep r ’ s y - -ma ’ ; s- ry  r n c i t i c a l .  If  sp r a y  was ; , a r  16 p 1’: , t loi f i r - s  P c V O I o ; ; ’ - rJ b n s - J c m l y

- :~~h ‘ n - - n, I a n - ’  -
‘ 

but “o- u : t l r u m o s  mn ’ -me k n . d t--nl t_ b , c r  b nnr l i y .  AL 20 t-,~m n n , t I m - i  f i r e  m o ver  ,- ,,m u- m . P
h ’ n t , u n d - - r  -mu m - - n cu ,n : d u L i o n s , t i e r  :;‘s- n i t l m  o . the f i r r m  - ‘a - ar r e s t -c l  a - m d  it  . n , . s - , r  ~~~~~
W t ’ , s l i , , i . L l y : m - ’~r ’c  i t c - u ; m  20 ppm , u - l i - :  f i r ’ . w , ’ n I ’ l  gm s- ci u - !:n al i y -it s- , cu t.
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In view of time differences in ignition and burning noted from day to day, it
a p p e a rs  desireable to provide means of adjusting both the quaustiLy of gasoline in-
jectcd ami d the quantity of w at e r  spr ay  used for  smoke suppress ion .

O p t i m u m  Oil T h i c k n e s s .  In all of the Battelle experiments , operation using th i n
oil layers (of the order  of 1/4—inch or less)  was more c o n s i st e n t  than tha t  w i th  th ick
oil layers, It was conc luded t h at  t h in  cii layers should be preferred at Norfolk as a
way of m i n i m i z i n g  m i x i n g  of gasol ine and oil , a nd any problem s t h a t  might arise from
gasoline di:msolved in oi l .  However , in subsequent operation of the  prototype ignition
systems a t  N o r f o l k  i t  was found that thin oil layers were easily emulsified and n-tin-cd
w i t h  w a t e r  by ti -me action of high—pressure fire hoses , and the rm did usot ignite well.
Thus , the  opt imum oil t h i c k n e s s  a t  Norfolk proved to be about 1/2 inch.

Smoke Suppression With Water Spray

A w a t e r — s p r a y  system ident ica l  to tha t  in the N orfo lk  15-foot f i r e  tank was in-
stalled in the Battelle 15-foot tank. When water  pressure was fixed at 40 psi , snoko
suppression was erratic , and considerable smoke was evolved after the fire grew large.
W i t h  larger  wa te r  nozz les  and higher pressure , smoke cou ld be cont r oll ed adequa te ly.

W a t e r  spray f r o m  the five nozzles could drive the gasoline film into four discrete
pockets at the  ed ge of the tank under certain conditions of water pressure and oil  thick-
ness , t h us g r eat ly increas ing  the time required for  fla imme developm ~sn t .  These u n d c s i i r e a b l n m
e f f e c t s  were most  appa ren t  when spray no z z les we r e c lose t o t h e w a t e r s u r f a c e  and the
spray was very  coarse  because of low w a t e r  p r e s s u r e .  With  good w a t e r  at o m i z a t i o n  and
d i s t r ib u t ion , ami d opti : o um n m n - m a t e r — f l o w  ra tes , sm oke suppress ion  was good and a l a r g e , clean

• fire could be obtained.

Figure ii show s the appearance of smoke with insufficient smoke- suppres s ion  i-inter .
Five Spray ing  Sy s t om s  Model 868 6— 1/4— 1 (1800) nozzles , eac h pass ing 2 g ptn at  ~ O psi
were  used when this picture was taken.

Figure 12 show s the appearance of smoke using more smoke—suppression water, For
t h i s  c o n d i t i o n  the cot -m u - e r  n ozzle was rep laced w i t h  a larger Spraying Systems Model
8 686- 1/ 4- 2 .5 (180°) n ozz le  pass ing 5 gpm at 40 psi , and water pressure was increasad to
the range of 55 to 60 psi.  Total water  flow was 16 gpm , and water  a tomiza t ion  was p r eat l y
im p r o v e d .  Smoke leve l appea r ed comp letely sa t i s fac tory ,  measuring about No I Ri’mg leman
or i s a  throug hout the ignit ion cycle.

In subsequent operation of the prototype ignition system at Norfolk , it was found
t h a t  bes t  i gnit ion  and smoke suppress ion throughout the igni t ion and burniri; ;  period re-
quired considerable manipulation of water pressure. Water admission could be delayed
for severa l seconds , u n t i l  the fire started to smoke. Initial water pressure of about
60 psi permitted good fiamnie growth with good smoke suppression for a few seconds. Then ,
as the flame size increased , it was necessary to increase water pressure up to a maxi—
s - m e mo of 120 psi for a fully developed fire . Excessive water pressure early in the  flanme
development resulted in a sm-mall , poorly developed fire , or extinguished the fire. With
careful u-mani pulation of water pressure it was possible to limit smoke to about ‘1o. 1.
Ring 1cm-man.
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mm, :’’ I n u s i  (111 5 Pr ’ -m ‘;~ t u d  I i ’ s - ;  i-i I 5 i u u ’ t F-~ l n ’ T ; :n ’<

F rent t,hun os-n ;uu r i m s - c e n t  - - d- - ‘ s - nm r I l u n d  a b um : , u ’  f o l l o w i n g  mo n o  I m s i  c m i  ‘-i ’ r ’ d r - u  ~in

( I )  (I c  s-i i s - -p r  i t  tin can h~ cu b t a  I ned us- ; i m p  a s_ i s- np I ‘- ps-I -m um I i t s - u -  mu i - m u- I or a t
t I ’- t m t , i k  c u - n t  - - r  ,m ms - cl a s i n g l e  i s - . g l m — : i c l  I :age s p a r k  p in g .

) I f  o i l  I h i t  krue ‘n is E l m s  I ted t o n - I s -cs - r a s - i g e  of I /~~ t o  1/4 ‘ n i t - I t , i s - - u -m i t, s- n-nfl
r-’s-1mu i ron t i e — - I nj u- ’m t i o n  of 6 p o u m s - n i : ;  of gasoline5 Igni I I i t  can  l u - -  c - —
n-a I n c  P w i t  emc ,u E l  ~-r q m i aru t i t  I u m 5  of I c u n s - e l  in c  b u t  I n c  oil f J . ; n , o: ~t ’ - u i u -  l ops

I )  Gnn d p r r . kis -  s u n n i p r e ’  s-ion  t h m r o u u s - ; F : ’ m t t  t I me i g n i t i o n  cyc le ha s-u Y o - t t  ( I n - m s - c r u -
st  r a t e d ,  Is - u gene r ,u i , u m - m n k e  I ,nvc Is - ;  r I m  t u n i n g  pn sol i n n -  h u - u r n i n f ’  u- ,u i, I y i i
r h o  -ycle an - - o f — n - n  i m w n - m  h u t  ~ ,s-ciru ; from -n mm f i ul l y d~m-;c1 nped oi l .
flame .

(4) Ti me -  spray I’ rcrs- t h n i ’  e: - ek- - — m ~u m pp r u - ’:;oirn nozzle array ~s-ffe ctm j t m u m  dis—
t r i e s - m t  i s - n  of s - e m s - o i l  no on t ime urfaco and time prs- .-iti m of the  m 1. flame .
For ~u I s-h-~- m  -;t d- - m i  ,mscflt m of a lar g s - - flame , it is t~n n c u - : e 5 s - s - ; m  u-y Lu ) s tai  t-~
s-i I ’  h low - -~~t s -  o r p r r - o s u r e , then gradna  l i .y in c r e a s e  l,ater  p r e s s u r e  as
i J - m m n E’ S i Z e  i n s - Cr C a ’c ’s .

(‘,) C.ood, ~o5 i m ive  i ,s-~~m ; Lion m n ga ’s-el i  no is  o b t a in e d  s--m i tim a I ,; lm - - ic l tage
p -u  rk  5 u I c s - nip n-uS tit -m arc i s - n  r io t  quenc lo-d  by is -n - : e m s - i  on n-u wa t e r  end

o i l  . To nm’s -  id n -n r c  q u e n c i m i n g  i s - od or  a l l  cu-;:,d  I L I o n s , sos-c- - r m n ’ d u n n d n n c y
u - . I  sp a r k  ; u l r t ,l ’s- ; t p p ’ -  ar s  d u : s i r - m h n l n , and rums - re r ip i s - c - m s - - m s - : c n m t  i n  I T - a  - ,n t u r e
Oh t i c - ’ s par k  p i p  s - n — ms- f; necrrss ary5

(L- I he h;ts - ; i - n  m l  s a t i s f a c t o ry  r u - s - r u i n - s  o bt a i ne d  i n  t h e  15— fe ra l: L i r e  t ank ,
-i - r k  n tm - s-;i n i - c r  i s - , .; u I - -; i go of syrm I ( ons - ; f o r  time Fleet T r a i n i n g  C e n t e r  a t  c u r  l~~1,l~- ‘~i-i s
h- p un. 

-
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PART II. ENGINEERING DESIGN OF PROTOTYPE AUTOMATIC SMOKELESS IGNITION SYSTEMS
FOR FLEET FIRE-FIGHTING SCHOOL AT NORFOLK NAVAL STAT ION

I ‘~PODf 11:1 1011

l ’h i s _  i ’ s -< m - / m ’ ;  - m u m i c e r n r - d  s - - l i t  Im i - s - s - p i s - o ’ e r l n g  d u - s - ; i gn , c s - - m e t  r u n  I t on , m rs - P In i t lmm l nv-r~u—
- h - s - m m  c , f  u s - n r n u c l ~~- 1 n - ; -t , ~m - O  n u n s - m t  I c  i gn i t i o n  ‘ y a f  ‘ -s - _ n  for f ’ -iu f i r n -  s b s - m s - u , l n u s - r t m  j-it t h e  F-’ I ’ - ’ - t  F i r e —
F i gh t  I s - p  S c I m — : : ’ I  e m  t hi- gorf ol I’ F i n - n - I  T r - u  I n  l u m p  C en t  ( - r .  Two a m u t  ‘ - s - u t  I c , r , s - m u - P— c - I e e ’-  ‘, -j - . t  ‘ n m ’ ;

u r ns - I t h e  s - u t m , - p - t s - ; m I i s - u n  p m u m p ,  f i r e - I  — o i l  p u s - p ,  a s - s - P  s - u n n t  r m t l  r o n s o l u ’  s - ’ ’ r - r h r - s - n ; g m i u ’ d , cs -ne fo r
- - c - n s - / b e —  r : m s - i  ‘ - I - n u t  ! , u  s - u  r m m d  c a n e  f o r  t i m e -  I s- - f o o t  I s - e d ’  . B n th  of t, P m -  - s - n -  ‘, I r an, I n  t ir s  n- - c - r n -  a I —

r~ ~:- ! j I’ I t t ’ - ’ T  ‘ i l  t T ~ - - m o k ,  s u m p [ n r r - s - s - r ;  i n g  n- s - c t  m r — s -p r a y  s -y e !  cml ’ ; , w h i c h  r-:c-r ~- - c ; ’ ; , - : I  i n  ( - u - m n i j u t - n c I  I on
am 1 l u  - b - n  I yn i t  h u r t  5 ,-if s- f r - s - s - s .

ni  ~; i ~~ ; ( I n - n I P I D E R A T  IONS

D r - s - i  pm ; O1nj  ‘ - u - m t  1w’

u- n T i ~~ u - c : t iu ; c s- u , I t T , u-  r c r c s - , k m - i i - ’ s - - ; , , n m n t o r , s - mI  I c  i ; ’ : n i  t u r n  s - s - y e n - e n i’; L p r - n -c l - -ic f o r  con—
s - s - s -m m - , and  r n - l i a b l e -  i gn i t  ion  of f i r e  s i n s - : t l a t o r s - ;  wi t i m  m i n i n m m s -~ s-s- r - n k e . r o t i m e

- -  s- rse ~b t I m e -  u ! s _ i g u u  c - ;c nr k  con-a s- i d c - r m , b s - l e  e f f o r t  r,zas npp I I n - u i  f u n  c ’ u - m m n - , j - i e -  ~c u t  i o n  m l
— I r n - - I l a b i l i t y ,  s- is - s - n - I l  i n -; t o  t i u - n - I l - - u t  i V en u .s - ss - ;  of s - s - s - : u i-: - ‘ u p n ; u r n - m : i c - m n  an d  t i e r -  r m o u v n r t --

‘ c - n ’ o f t n j n r - r ; m t i o n .  I t  i s  I m n I l - ’ ,m n d  b m 1 1 me syst ‘-n t b 0 t  eve] ‘i’ i s -  -s - I - - m m cc l r u - I  h _ h i  c ’ .

()m cem - ;:iing Pr i n r i p I ‘-s

-
- ‘ ‘ - f’~ - s - s - ’ - r a  I c u ~~pr n : n i ’ I m  u s _ n i l  i n  r h - - i pin of the sn’ ui ~ - h ’ s - m t  i gn i t  I u n s - r  - - - ‘- s - n - n - ;  I s  n i n  - - c t  s-i

- m l  r , ‘~~~u u u r m t  of y c s - c o l  i n n ’  civ~’r n - l i e  s - s - m m n f ; o- - n of t l s - e  o i l  t o  h i -  1 gm i t  c d , n s - n P  i g n i t e  t i n , ’  gni -:o—
— I I n ’e - ‘ I s - h  ‘u n  n l e r s -  n c  s - s - p s - i r k .  The s-:s-:”u n m ; ’: t  of ps -m s - m s - n i  I n c  mused  i s - n  u n ~ - m u r  t’I ‘m ‘ I n i m c r t r - c  t i c , r t  - s - ill

p r  - , i d n -  ; ;uuus - I ign i f  i on  ;tnd I I  ; urs - m n ’  g r m s - ’ t b  w i n - l i  t h i n -  s - s -u - s - ohms- - - s - t a [u p r e s s  i t i g  s - n - s - nv in n r a - r a n -  l o s - i ;
h s - : r s - n r : f  of p cm m l  I r ; c ’ ’, b u n u u l d  he comp l e t e d  b y t im e  t i s - r e  t he  oil L i e n s - c - cs - no ne’; to  fii i . I s i z e .
TI . - t l : i c k n e m - s- of  t h e  n i l  i s - ;y n ’ r  i s  r:- n i m t - u i - s - n - c l  a t  t i m e  u - s - i m m i m n m  p r c m u - t  i c a l  l u - - c c - ]  u- u I 1/ 4  to
1 ,2  l o r i s -  1/  r ’-p l m t  i s - s - I l  f b i ’  o i l  h t t r s - n n ’ d  i n  i n c h  i g n i t i o n  c y c l e  by f r n - r ~~- - - -i t  i n j e c t i o n s - ;  of

um f 01 ( Ic mnt  ro I of t L n - - s - s - c ’  f m , n c n -  i ons  Ima s lice-n n n ,’nt ra I I z,~- 1 i n  mc eon-m t ro 1
cc, -s- ‘ s - u s - i n -  p ro’i I d I rug f o r  c i t  lu er  aun t u s -m s-u t La or In- n - h u m / u  1 r a p er a t  ion .

: m - , ’u m s - U s - u n-m s- -m t I c , :-n’ c P n ’  I r ’ s - ; . m  i gn i  t l o n  sy n t em s  n - s- 1 ;m r i n g  the name I s - -cs - Oh s - n e  p m ;r m ’p ,  fn -u- I — o i l
o s - - mum , m o m s - I  cU r ’  n -rn] console ‘-u-rn u - h - -s l p m s - c m l  , one for t h e  eng in e - —roo t s - n  s i m : n l at o r  and one Icr  the

- ‘, — l s - c n t  L a n k .  l i n e  t n-ic, s y s t r a n - m c s - n  are t I - n  s-s-fine in princi p le but d i f fe r  in  s [z ~ : i-i n m n r f a c e
,me’ ,t of t h u C  m - m n p i , n c  - - r u - m i n u s - i  s - s - ! t n u x l , t t m n r  I s  s i - s -  t i ’s- s as great  as t hat  of t h i n  15 — f o o L  t a n k . The

- ( c - f  I r u g  cyc I t -  f o r  h o t  Em s i s - - m u i l  ators i s  the s_ s-mr s -n’ , s - u t  tim e time per in  Ps rc- mj u ;  r u - -I f o r  us - I ], i n —
s - t i - s -n ms -md c l u n r g i r-m g ( I F  p c u m ; o l  ice  a c c :m ; s - a : n l a t o r s  d i f f e r .  The cyc l e  i : s -  ;s- ’l f ol l o w s :

( I )  O I l  I s - n  i m i j m - c t n a l  h e l c u r e  ~~u r b s -  c y c l e , i f  needed , to r r ’~~t c s - r n -  o i l  t h i c k n e s s  to
t i n ’ -  rh ’ s - I  u n - u I  l e v e l,  Ps - n m m n f  a u t n n m n t  i ca l  I y t i m e d  o i l  i r i j - c r  i ’ s - m n  p e r m i t s  ad—
d i r  i o n  ‘m l  en s-n i I q u m m n t  t i e -s f o r  o per a t i o n  w i  n-h mm c n o n s _ t a n t  - i  ck rm e ss  of oh 1
I n n y -r .

( 2 )  C c m s -’ o I  I i i ’ -  I ,  C t , u r t r r i t o  a~ a c c u m ul a t o r  by -n g a s_ e l  m e -  p r m r s - p ,  - -;m n- r a t i n g  at  a
r e g u l a t e d  p r u ’ s s - n u r n -  s - s - n t i m n u t  t h e  p c ’ , n 1 1 m m ~ - c l u n r gn -  i s - i  c en t  r o d T - s - ’ l  c lose l y .

( i ) I h n ’ ’ , 1,ark I g n i t e r  is u - r m c r p i z ” d .

( ‘ )  T i m -  popp e t  ‘/ ;u l uju ’ In  th ~ ’ gas -c4 ! l ’s-- 1 m m  i u - c I u u ,  i - n  u u p r  o - d  to p m — ;  s -r e  f o r
g~~soI  i nc ml 

~
n u t  ion .

(‘1 ) ( , :~~- u 1  u s - -  I — ;  i t s -  - r t o d  by ‘ c - u - s - i m p ,  cm m s - o l i n ’ s - i - i  .r; ’I ’;r , wh i ’- !u P - a s -p s  the  p m - - ;
s - , u u ri ,’ ( I i- 0 sui Inc s h i m e u l  In t h ~ -e m - u t  m u  i _ - i  or  t i m i - o u u g h  t b -  m m m c  n - n u n .  The
g m - - e l  I ra ’ I l i b u t - ;  im c~~r - u - l  - r h  u I s -  , u s - ’ I  c over s- ;  t h e  ‘n m m m c l ; u t  or m , c u n  lam - u~m ul ckl y.
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(( ,)  F l u - us - -i  of ‘ m u s - m o k e - - - e u n p p r & - s s i n g  s- - / s -m t  m r  is s -n t ; u r t n - u - i  b y o p i n i n g  i n s - o i c - s - t o l d  ‘ i - ; l ’ ,’c .
F l  ow of m ’ - t t e r  i s  md ~u m ’ s - t e c l  m a n m m a  I T y u n-n t i m e  I I r n  g r i n s - s - n  ,~m s - u ’ l  ~ L op pe c i  s-i t, t I n e
u - n d  of t i m e  r m y c l e .

( 1 )  The f i r n ’  I ’ m  s -n 30 n - c )  60 s e r o s - n d n n  t o  grow I - m r ; ’ c - ,a l ’ t n - r  u - ; b n i c m h  it  I s
( -X L I n g r u  s - s - I n e r t  -

A l  n - n  u c u p f u t he  s _ y e t  u-n i s  d m - s i gnc-cl  f in n m m u ; t o m a t i c  o; s -r - r m t  i o n , ‘,,i, — i a i  i o n s  n fu e l  (
s- ‘ I  t ~m m m l  - - - - - n t h n - r  u - c n n d i t l oo t ;  c an  he a c c om m o d at e d  I-ny  a d j u m e f  r n - s - s - I S  i n  t, l - a-  , ; , c , i ; r s - t s _  cuf  o i l , - s - ’ , , I i s - n ” ,

as- P Wa ’ u - r  iri j~ f e d .  E n m u c l d i t  ion to t l u e  a r u t o r . n ,- n t i c  o p or c ; t i s - s - p  c y c l e , rn/m m ms - u i o p e r s - u t i u s - n  I s - ;
- - l b -t I c -  f o r  n ‘ n r n n p u m u u u ’ m u t  ‘ s - h i -c  k i n g  and f o r  s - r u d e - P  f i c x i h i  1 ity of o p u r m ’ h o r n .

P ;t fc ~n-y ( I n s - s - s - id e - r a t i o n s

A p r  i - n .  d r ’s--u s - - a l e s -  / m u b  u - - c t  u/n wa s-n p o s i t i v e-  cu - s - n t  rol  of g n m s - au i u s - c  I I  ow t o  c- I~ r n I , I n - m n - - ’ a - - c nn-i
- ,  ‘ s - i s - m t - i s - o  c i  i m m i c m m m t e  u m m y  ~ n s - s - n l n i l i t y  of an n ’ X p h o c s - i ’ / ( s -  c~~ x l  i s - r u -  of  g u s _ r I I r s - p  -i- p s - i  s - s - s - I m u I r

- - - s - - - r mu y ‘ u - s - t m ’ !  i t  i ‘ - - s -  . I l - - s - n  i gn f - n t r m r c - s - ;  s - n e - i c - u - - t e d  for ;- i t i ’ s -n  u - s - u - s - s - m t  r u n i  cml p s - m m - m i  i r s - u -  i s - n c ’ - - I

t P ’ lu - u I l~~~’ I m n g :

~ I )  ,\ , , , s - u i  i s - r u ’  i n i ~~, - ( t r c r  i _ 1 ’J i n-n~~ a n i t - o g s - m t i — c n p r - c s - s - m t - d  p o p p e t  - s - _ i l / n  ‘ ; ‘ - a l - c I  s - s _ i n - h i
u - i - r i s - . g  - s - u s  d u - v e l i u p e d  s - u  e l i m i na t e  the  p o s ’ s - ih i~i i ty  of I s-P’ s - s - n -  o f  p u m a  I i nn -
I h r ; u u ic l  or -~‘ s - p m s - r  i n t o  t i t e  s i m u l a t o r  u n d e r  ns-r y n - a m - d I n - i r s - o n .

(7 ~ c a , s - u , l I n e  to  I nc i n j u - r u - d  is r c s- et i red by cha rg i n g  an s - t c ’ c - u s - m ’, c ; I ~~u f  n i  of I i s - o s - n
“ o I , t n - s-r ’ s - c ,  ml p i n - c s - n t p r n - - s - ’ ; r u r c ’ , and i nj e c te d  b y cb mt — s - p i n g  i i i -  , s - c - r  u s -  - - a ’  r .
T h i s  € s - I  i n i n s - n t e c  t i - m e  p c a s - ; ’m i h [ l i t y  of charg i n g  on -xs -’ u - - s - ’s- i ve p u - i n-n t I t y  m l

- ‘ n i m a -  h n - r a u u - -s - u - -  u f  ms- s-u I F ’ u t m c m r i o n s -u  s- s- n - i c - b  as vol l c - , i s -- n , u~’n- , or fa  I s - i c of
- u I I ’ s - s - n- r or  l r r ( - f c I i t u m m ’  r u - n - m t  m n - m r

n j  i a- 9 m m - l o t  I t y o f  I’~m s _ o i  i o n  to  he i m n j e m s - t n ’ c i  I s - n  s - r , i n h m m n i z n - r i  b y u m ’ , i n s - f ’  t i n ’  in ~ ’ s-s--s - s - n i

li on s - - n - l o c - i n - y  a n d  f l o ’ -, n - u t , ’ , s-no t b - u s - u t  - i l l  of t h u r  5 / m s - u s - i  i ns-- h ; n ~~, - c  - ‘ - ‘I
i s -  b u r n s - u - u i  u lmi ri ng t i m e -  i gn i t i c s - n  cycle.

n - ’ ) c I s - n -  r e t  m - r t t  i o n  of i m r m t - u n r n n -c l  g s - m s _ o l  i r s - c i n  t ime I r s - e l  o i l  i s  i’s - I s- i P s - I n,, , , , !  f y ‘ u s - i n s-
m i s - i t s - m u m  p r s -m c t  [ c s - a t  ; u - m ; r r l of f u u e l  u - n i l  i n  t h i n -  s i n - s - s - u i - u n - o r .  T h I s -  is

- g u  iv a  l u - n i  to ~m t i m  I r b ’ s - n ’ s - ’ ;  of a b o u t  0 . 5  1 nc in , as l i m i t e d  ln ’I  - - ‘ s - u ’, I si l l s - - s - f  I -

n y  I i  r~ - h o - s - e s .  Th u u s _ n -  of  t im i n  n i l ,  layers i n - - n  mac ic -  p r c n  o r  i m s - u i  b y s-mn amr  to—
o f  j r  o i l - — i n j e c t i o n  oy s- it em .

( I n - s- n ,  r ‘ m c i i  ~- n - y  u- ’, u - c u s - i , u r , ” s -  were use of I u i gi u l .y r e l i a b l e  spa rk  p lu g s  f o r  i g n i t i on , I - -  c o c a - -
b i n ’s- u s -  I o n  n - s - i t t -u an mu r a u - , e - t c r  t o  i n d i c a t e  p rope r  c p u m r a t i c m r t  of t i n e i g n i t io n  1 r n - s - s - s-- f n r n -  n u ’O , c i t & m
m s - s - u -  of e s - p h u - n - s - i c , n — p r o o f  e l m - c t  r I cal equ i pment , and t h e  use of a p p r c c ;m r i s - n t  e s - u s- u f e t y  ot  c - r I
in  t he  - ru t rol  circ u its.

Ot- hm~r Dcsi , gn Co nst r n i nt s

bi n s - s - i s - s - m i  of  t i m P  i gut i t  ion systems was influenc ed by t ime  r c- cb s - l i  r c - n - m u - n t  for qu i,ck in ’, s - _ n  i s - u —
t i o n  w i n - I n  m i n n i r n m h r m u  d i s r u p t I o n  of the f i r e — f i g h t i n g  school , h i gh r e l i ab i ,1 i t ~~n , s _ i s -m s-p b l a i t y
of n - s -u m r s - 1 ( -miance , s - m s - I e conomica l  o p e r a t i o n .

Q m m i c k cons -m t r u n t  ion and installat ion of the systems- required us-c of standard , r u - - s - s - l i i y
s -u vO l I a b l e  c o mp on e n ts  to  t he  ‘ - z t c ’ r n t p o s s i b l e ;  des ign f o r  the m inium n m ; ms - i  number  of g a so l i n e

i n s -  ‘ n u n t o r s , o i l  i n j € - c t o r m n , and spark p l u g s ;  and use of a relativel y s-n i nn p ie p ip i n g  n m ’ s - ’s- i ’e-n .
Ts- ’- r n - I - n -  1 -J u ly comp lex control wi rirmg was lou-a] ized s-i thin a p r c l m m h r i c a t e d  c o n t r o l  m e - n —
s-o le m t s - s -  l a g  s t - c m n d a r d  i n du s t r i a l  grade comF’onent s t ha t  are-  read i I y availm ,i)le and h i s - s - l i ly
r n  l i a b  I c .

c~~ l i a b i l i t y  was approached by use of rd i n n b l e , i m e m m s r y — d u t y  J n d u ,m c t : r i , r’ l compnn - - n m  -
hi- -il t i p  mm I cc-i prohahi I I ty of failure , and by making tin e system enS simp le as possible i - m s - i --

s i d e r i t s - g  I s - i n ’  functions t c)  he performed .
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F - n c r  of n - - a l  t n t  , - n a n c n -  d ep c ’nd m ;  upon  m a’s- i ng a r e l a t i v e l y s i m p l e  sys tem with I ow pro
h ; t h i  I I  ty  of  cu - m n m I s - ou m m m m t  f a i l u r e s .  T r o i m b i ’ s - — s h o o t i  ng t e c im n i ,qucs- s to  f i n d  ma l f u n c t i o n i n g
r - c , n - s - p c s - o ’ n t s- h s -m -j e  a l s o  n- - n - n  c i s - - v i s u c I  ,mncl i n c l u d c n d in t ime  i n s t r u c t i o n  , - s - u rm u a l .

Ts--i o a ’ m p ’ m - ’- ts  of ec o n c s -’:s-y ,-mr e n -s- s-i i n t u ’ r m , u n , -e c m n ’; t s - s - t and  op e r a s -  In g  c o s t s . ~i,i J ,n t e n ~~n c c n  Co~~t5
m r ,  m i n mns - i z - P b y s - s - - n ,- of r e a d i l y ar ia I I s - h i ’ - , i ’ s - l i a b l e  i n d u u s n - n i ,-n 1 c u - n - a p e s - c o t s  to t I u C  ‘x t f l t

p o s s i h l - O ; n - - r a t i n u ; ;  c o s t ’ s -  a rms -  m i s - mum ’ s - f  u ’ o r , i r - l y  t ime co s t s  of p c s - s o i i r m e  s-r id f u e l  o i l , ari d
t I m - - s- nm -s- r e  n - s - i n i s - u s - i z-cI b y r , u i n i r n i z i t m c s -  t he  utuant t n - i i ’ s-; us e -mi  per  cy c l e .

DESIGN CRITERIA FOR i C I P I T i O N  S YS T EN  (IGl - iP ( P s-I :TS

Tm - u cl ’ s-s- I s-s-n i nn s -  i p s - i  n - i o n  sy m n tm - ms - n  f o r  the 15— foot tank mm cd t h e  c-n , s - i n o  room s i n s - e l a n - o r ,
i t  s -- eu - u.n s - u i - c ,  n s - s - n a r y  t o  s e l ec t  opt i cs -m i ni c o n d i t i o n ’s- f o r  i n j e c t i o n  of g a s o l i n e  and  c i i , m s - u -i
r m a : ; u - s - n s - nb’s- I c ;  cyc U m s - p  p e r i o ds  - The q u a n t i t  i n ’; u - s - I g a so l in ’-  and f ine  1 o il  Is- mn he i nj e c t - -ri  s-u - - r e
- n i - l u - s - c t ’  P em s- t h e  b s - m n i S oF e x p e r i m e n t a l  i g n i  t r o t s -S ca r r i e-c l  r,r t t  in t b -n  P s - t n - d ie 1 5 — I s - u - s -n- t a n k ,
i s - m i  t h e  ‘n i / i n s - ’  of th e  s - s - c n r . o l i f l e~ and oil  purnps was  b ased  or’ ca r r y i tp n ;  om it  an i gn i t  i ns - n cy c ic s-

w i n - I t  in  s - c a ’ s -  n - s - i n s - m i t e .

Cs-so  m e  S
~~~~~y_C r i t e r i a

In  F in. t t : c s -s- l b c ’ x p c r i n s - s - c - n t s  i t  was found t h a t  one ga ll on of gaso l ine , i n j e c t e d  u-a ;- m t he
s u r f a c e in  a p e r i o d  of 0 ,5  to 1 second , provided o p t i r r m m n  i gn i t i o n ; these  c o r u d i t i r s -- ,s n re
sn - U - r n -n c !  f o r  the  ‘ L -n r f o l k  1 5 — f o o t  t a n k  A 5 —g a l l o n  accu m u l at o r  was s cm - en - ed  for  st o r ’s- pu-s-
of t ime  I — s - ; ’ s -  b u s - m i  pu -m s - s - o t  i.nc c h a r g e  w i t h  a m o d e r a t e  p r e s s u r e  r i s e , and ] , , 5— ’i n c h  g n u - s - e l  ~ s-e
p 1 s-~ p ‘s - c - a - m n  t h m s -  s-m c c mm u r-s - u .m I a n - o r  and the  g a s o l i n e  i n j e c t o r  was se i c - c n -u : mc l  to  m i n l s - s - s - i -,’, cn - a ’ s - s - i n - n
d r o p .  ~

- I t im n - I s - ’  - s _ a  d i c ; s - m -n s _ i n n s , t ine a e u s -r n s - -u u l a t o r  cii sch arges  one g a l l o n  i,n one s n n c o t m c l  ‘ - I ’  
c imar ge d  to  an i n i t ia l  p c e s - ; s u r n r  of 16 ps i .

Gs- - o s - l in e  f l o w  to n - l i - - ‘s -n g i u - i n - — re - ms - rn  s i m u l a t o r  was c a l c u l a t e d  as n -he  s_ s-m s-s -c’ r 1 i u a n t i t y  p a r
‘ m s - i t  su r f a ce  a r ea  a m ;  for  the 15— f o o t  t a n k ,  The s u r f a c e  a r eas  of ti - me -  1 5 — f o o t  r an t s - -n  mu na d t he
: - s - m ; ; i s - s - u— s- s - u s - c n - . .  s i m n ’ , n t L , t o r , -u a re  160 f t 2 and 102 5 f t 2 , r e s p e c t i v ely ,  f o r  a ratio of 6.6, Thus - ,
f u i r  t b  s- cans -c g a s - m o b - m u-n w e i g h t  per m m m i i  a r ea , t h e  e n g i n e — r o a r -u  s i m u la t o r  g a s o l i n e  c imar pr i
s h u m u l d  s - s - u - s - 6 . 4  p s-n l i o ns .  Becs-use of t i -n e gem s - s -cs - t ry  of the  en g i n e— r o o m  s i . n n - u l a t : o r , s ix  p-s --s - o h  me
in j c ’ c n - cr s -  n o - c -  u m ’ n - - d .  E ac im of t h ese , t im u ms , passed app rox imate l y tIme sans-c flu - s_ -i as n - I - - - s In - m g l ’r
i n j e c t c - - c i s - i  t he  15-foo t  t a n k , and all injectors were made alike .

In j s -P ’- r  to s tore  6 ga ll orm s of gaso l i n e  wi th no dcrra t e  p ressure  r i s e , accum ul a t o r
capacity of 20 gallon s is requ ired. This was ms-net by using two parallel 10—gallon s - c s - m s - - r n - n -
l e t s - i - r n , ea’--b m charged witim 3 gallons of gasoline . Each accumulat :or d i s c h a r g e s  th r ou g lm 2 -
i o u - I n  p i ? i,ns - s-1 to  t h r e e  g a s o l i n e  injectors , and accumulator discharge piping is not inter-
connected. However, both accumulators are charged from a con -nrms - or m 1- inch  supply line .

A l t I m u g h 2 — i n c h  p i p ing was used in the eng ine-room simulator accumulator—discharge
lines , s--inch ‘nolenoid valves suitable for the service conditions could not be f e - u s - s - m i.
Ac cc u r d i- m p iy, a 1.5—inc im solenoid valve was used in each a c c u m u l a t o r  d i s cha rge  l i n e .

TFs - , s -  p -n a m ]  i,00 s up p l y  pump ,  l o c a t e d  abov e the  u n d e r g r o u n d  gaso] .ine tank , is mus ed  to
s - s - mi pp l,y hu- t~ h the -  e s - s - s - b -n e - r o o m  s i m u l a t o r  and the 1 5— f o o t  t a n k .  It  was s e l e c t e d  to have
‘ - u l f i m s - l e n t  c ap a c i t y  to  charge  the accumulators for time e n g i n e-r o o m  s i m u l a t o r  in ah e s - , t
20 s - c s - c r  s - s - P s -. Th , s - r / j h c i n s - ,  I-b ochm l Ii J—1 9 5-~D pump i n s t a l l e d  p rov ides  22 ppm a t  50 ps i  s u f f i  —

cient to harge six gallons to the  engine-room sirnmulator a c c m t n s - s - u l a t o r ; in 16.4 s u c u i m - I s .
T I -  ms - am’ s - - n ; s - s - m n - ’.p w i l l  c h a r g e  one g a l l o n  of g a s o l i n e  to the  a c c u m n - - m u l a t o r  for  the 15 — f o o t
n -mi n k i n  —1 .7  seconds .

D A T T E L LE  — C O I~~1 i M OU S
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u u m L OL 1 Suf ~j~~yj r i  n-u s- r Um

l b s - -  1 m m - I — m i - . y m s - L m ’n t us -u ’s- s-l - s - s - i s - ; t m u - - d  to  i n l - - ’ , t  an a r s - om u n t  of f r u e l  o i l  d m m r i a p  ea ch  cyc ;lcs-
- “pia l to t i n , ;  , m n - - s - m n u n n r  h e m s - s - n d , s - n p u ’r s - i n - t  -‘n p ’ s - c s - t i c s -  of each sirs -ui- in - or win -h a timin oil i s - uy c m c
of r n - u c i y c e - n - s - n - - s - n i t  t i n  i c-k m s - - s - s - s --n • In ordm-r to  p rov ide  such i n j e c t i o n , time p s- -in - s -p i n g  r a t -  ‘- s - u i
u - s - c ’  b- - t i - n i  t~ i r s - P t :  u - c l  I i n1i ’C t LO n  to ti m e s -  c s -n ’s - i n c — r o o m s  s i m : : r m l s - u t o r  m - u - i t h i n  30 ‘cs- ce-rids.

[ m m I s - t N - i  [us - I i n t l - i s - u  s _ t u m d j c - s - ;  I t  I s - u - n d  b c - u - - n  f o u u i m d  n-hat the cs - s - s - s - s -u-n s-p ti on of fuel oh I
i n  - ,  ‘-m u - I  H - s - t - u I u h i s - I t ’mI , ia r ., s - ’ f i r - n  s-- n . m- -n c h r i i , , ’m H ’ s - n t  to 0.1 i nch of oil th u-ionn’s-s per

s - m u m ! ’ . ~- i I t i i  t h i s -  t n ’ s - m . s - ! u - - r  u n;  cm pru de , t i e r  u - m : m s - r - m u n t  of oil b u r n e d  for ‘m ac im H r ~m — f i g i L i - u
‘a n-s -- n r c IS - mn w .ms - m n m - s - n- l u - u - s - i t s - - P. i t  a- u ’ ;  c - n - s - p u - m u t ed  t I n s - u t s-bou t 30 se ’s -u - s -n d : ;  w o u l d  be m s - q u i n n t o  ‘ - n—
N t i s - I i s _ h  m s - me  fir ’ - , dui r i s - u s - - I  -s-; i i ’ s - l u  time t h i s -  oil—burnin g rate wn-t l d grad ua l i y increase- n - r n  t h e

u-m n ; ’ ] un , , u m c d  t h u - n  t h e  H r um worm E d he ext ingui s-nio md w i n - h n 15 :‘ ‘ - ,n o n d s , w i t h  th e  P s - r n - u s - n p  t s - s - c t -

P- s - s - h i m m i m s - .  SI u i s _  , i r i s -  n - c t  m l  n i l  bu ns -u - ins -ri ‘- s - i  p i n t  him represented by a burning p- - r i  oP ~f ‘as-
s- - I s  i t  In nm , m i f  t I ’ s- ma ’ s - i s - s - a nus -  h u m m n i r m .s- r a t e , cmju i ’/a lus - n t  to a r ed u c t i , u - s - : u of ci.I t i mi u - , ’
of - . - / n i n c h e s- c c J u - :  I c  - T i u l s-n d ep t h  is e q u i v a l e n t  to oil  c o n s - s - s -m pH on-u of 24 gal h ’ s - s - - i
p u - m r  ‘j n ’  I c  I s - u  the (-,- s- s -’ i n nnm— rocn m si s - ,’,,ui ator , and 3.75 per cycle ga lln un -n .s in tine 15—foot t - s - s - s -” .
~ s - t b -; c - ’ 1 mm, n i - - - m i -  ‘ r I - - i c - u -  i t  N o r f o l k  i n d i c a te s - ;  t i t a n -  a c t u a l  fuel cons u s-mn -np tion is- ; about ~0 p s-n
I Uris - -  n ’ s - c  c I n s -  Im s-- s- i - - -  m i m e  roe-ri sins-e lan-or and 3 g a l b m u r m s per cyc le  for  t h e  15— f u , - ’,!’ -i ’s-- c .

- n  f m u ’ s -  l~~u -n l 1 1, un r ’ 1 s -  ‘- m s - m s-n selected to suppl y fuel needed for the u - -n g i n c — m n m~or- .s- s in - s - u s - h c s - n -  or
I ‘s- 1’ ‘ n m ;  I s - m u  Is-I su - a m o n ds.  The Viking Model AL— 195—D pump m s -m s - l e c tn s - d provides flow of ],,np

‘s -P s- u i  -I-’) ps-i t , s - s - ru t hs - m t t i m e  r - - p u u i r e d  30 ga l lon s per  cyc le  for  the  eng i n e — r o o m  si n s - 1 . s -I or
s-i s - ’ s - s- ’pu s - s - r i  I n  15 ‘s- -cor d -; . Supp ly of 3 ps -l ions  to the  1 5 — I c ’s - n- t a n k , u s in g  L I n e  s-n’ - s- n ’ .

c c i i i  c - - n , h u u i u t  3 ‘ n e - c s - s - s - I n .  F lu cs - - ;  to the 15—foot Is- mink is- ; l i r - s - i .t ed to  70 n;~~ns- by pr ’ s - s - s - sum- i  r s - r -~~ 
s- an  - - s- -n i s _ n -  i n n s - 1,25— in c h  u nderground p ipe.

Sn iok c s - — p r e s s_ i r s -  - - Water Flow Criteria

I - - s - -s - s - u-m i n t  u - m i p ’ s - s - n i l  i l -IC n e - e u - tu r d  to privide good iguiition is clepeo-’len t upon the as - s -nun s - n -
s- f  ‘ s - m m - - n  ms - p r y - -d l o t .o t he  I ire for  s- s - s - ek e su s - p p m n ; s s  1 m m . In g e ner a l , t i m e  op t  i n-- m imi r a t - n  of
‘-s - an - er L ;.s- i s  inn-i d m i r i r n ,s-s- u ’ s - c-l y f l ame  r leve lcn p : :s- cn t  and i n c r e as es w i t h  flats-us- size . Ex
Cs-s-;s- ci LVe- - - u t ,u’( il’s-n-, - el i i  resu lt in gradual extinction of thins - flame . In experiments i n  n -h u e -
s- s- nt s- , .- 1 I - - 1, 5— feet s- s- k i t  -n . m-n found th at good flame develops -s-ant took p lac ct wi th water f l i u ’,;
rat~s - n  In - - s - - n -c-n 1,0 as-cl 16 ppm s-nnd that 1.6 gpm was enough water for gcuod s-s-s- ’oku -m control in
n - s - s - nt [1~~: - ‘ s _ _  1.1 s - u H a n s - - n bu rned f or~ ,su-nveral minutes s-nd i, ns-,- cs- u n-a e ve ry  large , however, I
of () s - - s - n  u s - s - i s -b u t  be r e - - d u d for good smoke control. Time larg€ s-st f l a m e  could he g r a c l s - r c u l ’.y
- - ‘ t i s -  I ‘ : i - : n I  s--u n - l u a flow ran - u n slightly above 20 gpn.

I t s -  r i b - s - p m u - m t  e x p u - - r i e n c c -  ‘u s ing  rh o N o r f o lk  15—foo t  t ank  i t  was found tha t  t i m ’ - c s -’ ti ;’m nns - s -

c r- s- m ’ n j s - m s - t j o n  of I s - u s - n t  i t s - n m ; ’ - d s -”ie l oprm ent  w i t h  m i n i s - i - m i s - u  smoke could be o b t a i n e d  by i n i t i S t i n i p
‘- , - :t o r  s _ p u s - u - my  3 or 4 s - s - u s - c o m n d s  after gasoline ignition , at a pressure of 60 psi. and tb us- f
12 e s - s - i s - .  ~\ s -’; the fire- size grew it, was necessary to gr adua ll y ope n the  manua l  wa te r  Ca -

to  (s- u - ui  c m l  -s- s- s - n b - s - mm , u n t i l n - l i e  s - - r i d e — o p e n  c o n d i t i o n  of 17 gpm at  120 p s_ i  was re-ached. s - f l m , .~~
the i grn  - ‘ ion was c a r r i e d  out s- w i t h  a con s t a n t water pressure of 120 psi the fire did mie-n-
p in s - c m- n  I s - u  us - p s- i s -P d i d  not  cover time Ontire surface of the tank.

‘11, - s - s - s - u s -  u- eu - i t o - c  f I s-s -u - , r a t e - u - n  c s - m m  he c’n- n 1ir c , s se - d  i_ n terms , of pounds of wa tu- r per square foe-is-
cs- I s - m u - s -u i s - I s - ;  a mn ~ -s - , per m i n u t e  u-us  f o l l o w s :

Water Ficun-, Rate
C o n s - u -h t l C u r’u g~~ l b/ f  n-~ mint

is-- n -  sn -turn - of i gn i. t in - n period 12 0.6
A t  us - r i d of i g n i t i o n  p n r i o d  17 0.85
~- - u : s - i r : m u u ; s - r  f l ow ru - u t u- f o r  l n m r g e - s t  fire 20 1.0
F i rs-, r s - u E e  fo r  s - s - r n n u - h u r , ’l f i r e -  extinction 21 1.05
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Mul l

The s-; ,s- s - n o l i n u - - - d i s t r i h u - m t n i o n  s-n y u-s- n- cs - s -n -u r e m 1m u i r e s  sp e c i a l  c o n s _ i d e - r a t i o s --n h ’ s - s - - a m u se  of the
cn’,rru-;sive ra n - m u m -’- c m i  w et  ,,s- am s- mn i I n c .  A l t h o u g h a l l  p i p i n g  in  t h e  s y s t- ’-rms - i s  of ga i s - i u - n c s - i z e d
S n - - ’ - ! , it s - n m f e s - t m s - d  t i n s - i t  p r - C i ’ s - t o n  s-mr cl ms- n us- d steel parts of a ps-u ns - o l  i n c  pm - s- s - sure  r e p s - t l s - t o r
s - s - s - s t --s - I t - s - s - ; - s - t b s - ,- m  w i t h i n  u-u ic--a days. A c c s - o r d i  np ly, a bronze prcs - s - s - sum u - s - rcpulator was sped —
f l u - -n i . s - i  I s - s -n f i r m  o c a r h u -n n  r u b b e r  w a s - - n s - m p e c i f i e d  f o r  0 — r i n g s , s o l e n o i m I — v a i v e  d iap l’u r r s-s -n - s - s,
a s - u -h m m c c c ; n -  - t i n - i n - t i m  h l s - m d d e r s , s - m s  this n-s-ca ts- c s - c s - a l, swells less and lasts lm -ng”r ii’s- g a s o l i n e  n-han
ot !t~- r  u - c a l l a b le  c - I - - n -n t m s - m u - s - -’s - rj c  n - m a t e r i a l s ,

Th~ p s - s - r e l i n e  ln~~’ - c t n i r s - n , oil injectors , and spark-p lug  holders w e r e  s- ’, s -u - i ch in e d  f r n n - n
Pr-s- -u ’, , s-.t m c h  is u--asy to n-s-s-s-chine and relativel y corrosion resistant in fresh water. Type
iG’~ s r a i  : s - I - - s _  s - - u n - e e l t m i h l n s - u - ;  was  used as condu i t  for time h i g h — v o l t a g e  i g n i ti on  w i r e , ami d
s-~

- [  Os- s-s- i t- s - s -i s s - e u l  p i pe s- was  used  for mill p ip ing. All exposed parts of the  spar k p i n s - p s  s-r e
-s-f Is - s - ro n -ui .

E l e c t r i c a l  Con-s-ponents

A l l  e m - s - i rical cu- :- m m s - p m c s - s - e n t s  us- s_ ed in t hu s -  ig n i t i o n  sys tem ar ms - mit andard c ou-unpcmn ents u - n i
m r s - d m i ’ s - n - n j  ‘ml  s- ’s- - s - m du s - . A l l  s o l e n o i d  v a l v e s  and e l e c t r i c  motors  are  of u - x 1 n i o s - s - i o n — p r o o f  cu ’s- n—
-s- ’s - ; e ; c s - t j m’n n .  P- s - s - i t  s-n i t r a u s - s f m m r : s - s - e - r s, the control console , s-nd the coon -au’ ts -or box , are s-P-i
‘-i, ’i t ’s - s - - ’u~~i,~~ f  ,-ndlosuc-s _ , Tb,- - switches and contactors used in the  con t r ol con so le as ’s-
n m - n -  ‘ ‘ s-- s- p l ns -ns _ i or ~ r u - , s - s -f , because  no gaso l ine en te r s the  Field Off Ice - , hut t i m e s -  s - w i  t s-c’s -es ,
- - r d  t i m e r s  s - nr r -  s-s- f I s - u s - s - n  m y — d u t y ,  o i l t f , ;h t  c o n s t r u c t i o n .

Dn’~ f A I L S  OF S Y ST E P  DESIGN

L~~ t1~~~~~f 
cc is -n Draw I ng~,

T h e -  ml n -- s - , s-n of n- h ’ s -  au t s -- - ; s - a t i c  i g n i t i o n  sys n - cs -m for  n -he F lee t  t~ir um — F i - p Fn t in g  Schocl
at n- i n - - ‘ ‘ , r f r , i l ’  s - m m - is - i I S r c c t s -  ins - fl i - n  s - s - I s - u - c s - - irs- i n  ten drawinc ’,s , Is -~s-ited in feb b e  I~ - The cs -m i s - s - -h er s
l i s ted m m , - -’- P . s - V r A m ;  d r aw . n ç  n m -s-hers , and en s-s- i n s - I  d rawings  are f i l e d  at  NAFFAC.

I s - s -  t in e  d i  s - s - r~;s_ : ;j  ru n i s -ha t  fo l ios - - i s-i , d e n - a i l s - n  w i l l  be r c - f er en c ed  bo th  to the  NAV FA C
uHs-s--s-1~~ ’ s -  a - P  P--n less extensive report illustrat ions.

TABLE 1, . u - - P-’s - I L E D  DRAWI\ ( s- S OF AUTOMATIC IGNITION SYSTEM
FOR F LEET F I R E - l I G h T I N G  SCBOOL , NAVAL STATION , NORFOLK , VA.

Ti t l e  
______ -______

4005872 0- is -s -ra I l  pipe and conduit layout
40058/3 15—ft tank modIfIcations
-‘u005 di ’~ (tm — s - rail pi pe and conduit layout for en s-s -l u-m s-s- -r o o m s i m u l a t o r
‘n 1105875 Fuel o i l  pi p ing in e n g i u m e — r o o m  s i m u l a t o r
~u n - i05 876 (‘ s - s - r n - m i m e pi p ing In  enp ine -room simu ato r
40( 15877 Gs - so I  I n c  i n j e c t o r
!,O05m ’~73 Sp sr k - p i u p ~ holder s-nd fuel oil injector
4P051s-79 Cmntr m - ni ps-ne-i layout and fie~,d offic e m u c s - s - i n s - s -s - n - s - c n n -
‘u(JD SPPO V s - ri r ip schematic
40 05 s-~8I ‘di r i r u g  d iagram
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A r r a n ~~~~m~~r ( m f F ir e -~~~~ in~~~n Sch ioo

V i  s - o r - ’ I “ - t h e  l a y o u t of {ir ~~- I I  g l u t  i rug -sim u lators at n-Is-c Norfolk li e ’s - n- Firs -—
F i n s - h r  i s- [Ic l n a s - i l  . s - : - u r i m s - - r s  i s - I- - ru t s - i fy t, h - - ‘Jc ’urjou s-3 s-n i s-m s-jilators. Igni tion s - y s - s - t c ’ m : n s - s -  w e - r u ’s -  In—

t~m 1 I ’ -s - 1  i n  t im e i ” n — l - ’ u , , i i - m r s - k  ( I )  and n - I n s - n eng ine—room si ns--s-m I s - s - n - or (2). The control con se - I-m
s- - s - u s- I n — a c - -s - I i n  the [“i - - lu - b  Offi ce (3), and f l o w  of smoke—suppress - r ing  w a n - s - s - n  is , coru t r o l i - s - d

‘ ‘ u s - s - i l  l y ( n e - r i  m b - n  s- u - u k of m s - o n n - r r l .  va lv ’s s- ut (4). Gasoline for i gnition i ‘s- taken frors-i mi
S - - — m l  iu ’u’i r i nd  m s - s - r u -  - m d  tank mi t (5), and di m s - s - s - c - I fuel used as the basic sirs - ui - s -n -or fu -l 1

s- s- s- n - i  i s - m s -’n -s- 2 5  , P , u s- s - s - i l u t i  u rn s- !  - - r n ’, r m - m n d  t a n k  a t  ( 6 ),  200 f m - e n -  away.  In the cs- o ur s_ m u of r h ’ s-
(‘ u ’s -us - ~t - s -  - l ion , uim - s - u - !- - r ; s -- ou m t - s - I  p i pin .:; s-us-cl w irin g n-ne-re ins_ta ] i s - - P  as -n ind le an - cs - c l by dot t s - m ’ml I I n ’ s-i
s- n c ’ i , ’ m r - ’  11.

The_ l5 Foot Tank

F l  m n - - s-n ‘ s -h i s--a s-n t i n e  n r r s - - s - s - - p  n - - n t  of then 15—foot tank. One- gasnilne in~ ms-c tor , Oti s-
oil l c ~ s--n i  us - u -- , ‘ s - P t . -;~ s: -,, s - us -k p lugs are installed near the center of the n -u - i n k , a t  n - s - s -  s - - m s - n - - s - n
s - i n s - r F s - m u ’ -- ’- . A c ~u t’ umil s -< of open grating , p laced 4 i nches below water level , pr r s - s - i m b n s -s_ c s -cr, e-’; ’c
n- n n - l i n t  I - s - i  t i ’ s - - r i  c nes-,s-~ iu - ui ’u s-i s- t s-s- by dropping water leve l a few in ’s -h e - s .  Ig n i t s - t o n  c c - s - s - p os - s - cs -u’n t s  s - u s - Cs -
-s- -u: ‘s--s - r n - -  s-i [ r u ’ s -n n - F m ’ s -  end of this catwalk.

(P-u ’s - u - ) [ i n s - - s -  i,s s -s - m g’s-p l ied i cn s - s -  a 5— g a l l o n  accumula to r  p laced 50 f e e t  f r o m  the  t :u u n ’s-k , a t
n- Is - -  u t t e r — - r n  1- s--c c - s - s - ms - n i f o l d  (4), l-’i~ s - s - t r e  13. This accumulator i .s  charged with 1 gal lon of
p s-u ‘i i  n r C  wI t h i n  3 s e s - u - n r c m l  ‘ s- t h r r s - s - i m ;l t  a 1—i nclm p ipe , and i n- d i s c h a r g e s-n t h r o u gh t h e  p s - so i
I s ; s -  u - m u m r  i n  1/ )  t~ 1, scs- ,a- s - s - s -d , t h r o r i g im a 1.5— inch  pipe , for a f low ra te  of 60 Inc 1) 0  (, l s - .

T I n s -  ‘s- u - u s - s - I  i r e  i . e  ~~- - n -  n - m r  is snu p p l i ed s- -r i n-h nitrogn :n at 25 to 35 ps-s i. t h r e i rg i m s-i 1/8— i n m n i m p i p - - -

s - s - s -  oil ii s- ju - ’ct cm r is p ipe-mi to an m~xjsl s- inc n; 1 . 2 5 — i nch pi pe- t i t an -  ended at t I n s- - - ‘i.y ’s- s - i

n- I n c  n - s -n b ’s-. u - 1 ’ , s - s - r r~~ms- mu f p i pe f r i c n - i u s - s - n  the oil injects-ion rate is 1imited tc mi ho u n- 70 ~~[ s - ’ i .

Eac h  s - s - p c :  ‘s-c p l u g  l ’ s -  - c i  r n - u i  to a s e p a r a t e  ip . ’c i  tion transforme r w i t h  i-s-i—gage vs - re - I s - na il s - is- ad
‘is- mm ‘ - s - -n ’b n u n s -  ‘ o i l s - o s - us- of 4i ) ,

h s -’: ’i v o l t s .  Time w i re  is en c l o s e d  in 3/8—inch stainle ss ats-s--s-- l .
t i ,u is- 5 ,; n- n)  s - s - ms - s - r’ ; cs -  as- - u n- i a t e r - p r c s - c- ’f  cond u f t ,  ‘l ine  m m r a n s f o m n s - e r s  a re  cs-rmm- los ed in an u-s - nd sting
s - s - a t - s r p r c n l  • ; r s - s - c s - t i m i m s -  box ioncat s-s-d near the gasoline- accum uils--, t:,- mr at ( 4 ) ,  FIgure 13,

SI- n.s - p s- -s - ci I n c  in ~m s - c t . u - r  i s  shown in Figure 10, and in PA s-J F’AC d r a w i ng  40 05877. The
Cs-i  i I j ’ s - C t m s - n  m un d  thcs - s p e u n k — p itmg h o l d e r  in re  shown later in I-’Jgumres 1.8 and 19 and i n

A ’ - ‘s- C bs-os- -n j rs - ç~ 
,,i[ (’) s- d i d .

S i t u -  u - s - i s _u - i s - i ; ’  s- u - h - u s - - s u p p r e s s i n g  wa te r  sp r a y  sys tem iuic iud ms - s one c e n t r a l  n o z z l e  as --nd
fm n - s- ,n us- n o s c  is -m s - , s - ms - c s - -d  - - q ums - i l ly on a m m j r c l e  of t2--i inch d i a m e t e r .

Th~~~~~~~~n e - -Rp u - s - s - s S l m r m 1a t o r

F l  - m r s - s -  13 sh nmu w :s -  f I r m s -  n r r s - -’,n; s - -s - n s - ’s - s - n t  of t he  u s - s -’ ng i n c — r o o m  simulator , Four ex is _ ti. s-:cs- Is -muf fles
( I L — i d e  t t m , s -  oil surfs-’-;c ami d ‘ m r ’ s-os- to prevent flame travel. Accordingly, six  gasoline in—

~ecIo rs - s -  -‘s - m s - d si ,c oil injectors are used for good distribution of gasoli ne- and oil,. A
: u n , r i r s-~ p i n s - n ;  i s  i n s t a l l e d  u-u s-ar ‘ s - r h  gaso l ine  injector .

1 oIl is s u i ’ms-P l I n - P  Inc t i n - ’ n i x  injectors through a single Ps- p i n s - n.; sys tem. Oil enters
t }s - s -  s _ i r r , u u l u u t r ,r  at  a rut e of 120 c s - s - n’s-u through a 2— inch pi pe , uhici m branches inside the  s i r s - i -
I a i - ,r i m two im ara llel 1.5— inch pip ur s , each suppl y ing th~n - u’s-e-. o i l  injectors.

I 3 A T T E LL r — C O L U MF i U S
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Gaso l ine is supp lied throug h two s e p a r a t e , pa ra l l e l  pi p ing systems , each supp ly-
ing n-is -r ca injectors. Each gasoline system includes a 10-gallon accumulator coms-nacted to
t h r e e  injectors w i n - l i  2 - in c h  p ipe. Gasoline is supplied to the accumulators at 22 gpm
through a l—ii mc Is- p i pe , cha rg ing  them each w i t h  3 gallons of gasoline in 17 seconds. The
accurs -uls-tors s-re discharged through the gasoline injectors within one second , at a rate
of 180 to ‘360 gprn  for each parallel system , depending on accumulator pressure .

E~~ns-h spark p lug is-; wired to a separate ignition transformer with 18 gage wire  in-
su l a t e d  for  40 , 000 vo l t ’s w o r k i n g  voltage. Ignition wire is installed in 3/8-inch Type 304
stainless steel tubimig, used as waterproof conduit. The ign i t ion  transformers are  located
in s-I nrnm terpro of junction box outside time simulator.

Piping details of the gasoline amid oil sys tems are shcwm s- in NAVFA C Drawings Nos .
4005374 , 4005875 , and 4005876. Gasoline injectors , oil injectors , and spark plug holders
are s !m m u ; . ,-n in Figures 10, 18, and 19, and in NAVSAC Drawings Nos. 4005877 as-id 4005878.

The Gasoline Supply System

Figure 16 is a schematic of the gasoline supp ly system. Gasoline is taken frees- arm
existin g 550—gallon underground tank at (5), Figure 13. A Viking Model HJ-l95-D positiv e—
disp la eun ’r s - um m s - t p um rmp, m oums -tr-d on the  slab above the tank, delivers 22 gpm gaso l ine at 50 p s i
through a filter , a check valve , and a pressure regulating valve that bypasses gasoline
back to time t ank  when pressure rises above the set p r essu r e . An in t e r na l  p ressure  r el i c -f
valve b u i lt  into n-hi us-nd of the pump i-s set to relieve at a somewhat hi gher pr essur-o than
t Ime  p u -’-. s s u r - s -  t : - s - gu i a t o r . The p r e s s u r e  r e g u l a t o r  is set  for the accumulator fina l p r e s s u r e
of s u s - s - s - s - cs - mi n n nt less t s - i ian 30 psi. A co n nec t ion fo r a f i l l i ng— s t a t io n  t y po  gaso l ine  hoso ais-d
ii ’s -zzlui  i s - n  p r o v i d e d  its- time pressure—regulator outlet piping for use in filling gasolin-a
cans , as a convenience to school personnel.

F rom n - I s - c  i s - s - e s_ s u r e  regulator , ti-ne 1—inch gasoline line goes underground for 35 fe-en-
to th e  s - - ; a t e r - c o n t r o l — v a lv o  is - co der  at (4) ,  Figure  13 , where  a f i l t e r  and solenoid se lec tor
valves for is-he 15—foot tank and the engine—room simulator are located . (s- s- so iine n - o s -  the
15-foot tars-k cimarg es a s ing le  5—gal lon  a c c um u l a t o r , a lso at n -is - is  l oca t ion .  The accr ,s-mu la-
Ler  d i  s m - I n s - u - pc-s t h rough  the gaso l ine  injector in the 15-foot tank by opening the aces -- s - s - ela n - or —
d o ns - s - p so l en oid  va lve . Ti me accuts - ’s-u lats -or is pi ped to the gasoline injector by 55 fe-ct of under-
ground 1.5—in ch  pi pe , to  per m it discharge of one ga l lon  of gasol ine  s - - : L t l m fn  one second with
on s - n c c u s - ’m n m l a t o r  m inii ii um mm p r e s su re  less than 20 psi.

Gasol ine for  Is-he engine-room s imula to r  is carried approx imate l y 110 fee t  in urudt-s- r-
ground 1—inch pipe to n-s--rn p a r a l l e l  10-gallon accumula tors  located at n -b c eru gine—r c ’om
sit --milan - or , --cmch protected by a filter, Each accumulator is piped to three gasoline in-
jectors w i t h  2 -j ~~ch p ipe . A 1,5-inch solenoid valve is used to discharge 3 gallons of
gasolirn e from each accun-mm .m lator win-Is-in one second , win-li niinimur,m accumulator pressure of
20 ps i. or less.

A ; su e-s-in in Figure 10, es- elm gasoline in jector  conta ins  a poppet valve n-is-at is opened
by nitrogen gas supplied at a pressure of about 25 psi , and closed by venting this gas.
A l l  of the  inj e c t o r s - n  i n  t i m e  e n g i n e — r o o m  s im imula to r  are pi ped to  a sin -mall 3—way so l eumoid
valve in tis-~ field office n - I s - s - - nt controls nitrogen flow for injector opening and closing .
The in jecter in t i t u s -  15-foot t a n k  is piped to a similar valve. The injectors are opened
for ori l. ’n a n- e u,-, sec~n-,ds , during gasoline injection , then closed,

De t s- s-il s of n-lie gasoline supp ly system are shown iii ~IAVSA C Drawings Nos. 4005872
( c ’s- e s - all l a y o u t ) ,  4005873 (15- foo t  t ank) , 4005876 (engin e-roe s-mm s imula to r  ps - Lp i ms - s - )  ond

• 4005877 (gasoline injec tor).
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Tim e  F e - e l — U i  I Sv~ te,n

Figure 17 is a 5d m u ’ s - s - s - I n -ic u s -n - s - l ie - fuel—oil ;‘upp iy u s -y s t m ’s- n .  Fuel  oil is-i t aken  I r m ,- s - r  Os - i
u -- s - s- isting ~S,00O—g nillu ’ns - uu s - d u~’ r . ; r m - s - m u u d  t a t ’n k 1ee~~to d 200 n - u s - c t  fn : c-n ’s- time f i e l d  o f f i c e .  A
Viking Me-dc 1 AL— 195—0 ~e - n s - s -i t1v s- &I i  s - p ins - cu - s - s - as - ms -i p s - m -n s - I )  at time t a n k  su p p l i e s  120 g; -n s- of o i l
a g a in st - c p r e s s u re -  of SO p s i .  O i l  pa s-. ses t i i u .- u - u : ; Ii a c I t . s - c i -s -  v a lve  amid a ; s - s - c s s - s - u r c  r e g u l a t o r ,
wi mic i m o p e n s  to r e t u r n  o i l  to I s -lie n-cs -ok s - - :i s - m ’i s- ( s - i l, lu r e s - s - s - m s - c -  u-’x c e m ’d s  t i m e -  ,s- e- t pr ssurc  of 8u)
psi. An interna l p s - e s- crc —re-li en - va lve i - i  s - s - I s o  b u i  i t  i n t n o n - i t o end 0f n - I s - s - u prs - n ’ s -p - i- ’ r on -r
the pu n s -np, n -he  oil is piped u n d e r g r o un d I l i r u s - u g im au  m x  i sti r ; ; 2—ir s - cim p i pu s- t ,o t ime  n - ic is-I s - m t  ‘s-icc -,
200 f ee t,s- ane-ay, In t i m e  n-ic id on -n -icc tire p i p’s- conus-ects to an - - s -<is t is - s - p valve n - e n s - s - i n - o l d  s e - c’ s - —
its -p otis -e r f i r e  s i m u l a t o r s  a t  t i m e  s c imoo l , am s - d to  t - ,:o r r o t c r i : s - c d  b a l l  ‘-:0 I rs --s , one- c m ) n t n r o l l i t s - ’~
oil  n-ic-i-; to thu s -  1 5 — f o u n t  t ank  and one c o i s - t s - r o l l i  ms - p  f l o w  t o  t i n ’ s -  e n p i n c — r e u r n ;  s-n i r s - a l a t er s -, Au
e x i s t i ng  l l/4 i m m c l s -  u n d e r g r o u n d  p ipe c s - m r r i s - s -s o i l  about  fn )  f e e t  to t ! s - -s -  15 f m u c t  tams - i-s - , a t s-i
r a t e  of about  70 gpms - s- , as l im i t e d  by p i p im s - ;; pr -s e - n i l - c d rop ,  T Im e on - i  is i:ijccted t I ; n o n r g ii u - n o
oil injector located n e a r  ti -ne c e n ter  of t I t u s -  15- foot taus-k.

Oil for th us - eng i.no roons- s i m u l a t o r , 4/  fee t  away ,  ;s-as s - k s - s t l n r o s - t p !n :m ts -- .e-u s - ns -aiu s-rgroum s-d
2 — i n c h  pipe . Its-side the s i s - s - s -u l a t s - o r  t h is p ipe b t : umnc lme s  to I~ - ,’ o l egs , en- I. 5—i :s-ch pi pe ,
each supp ly ing n - l i r e - c -  oil  i n j e c t o r s .  T h e  u s - i l  pumiip and 2 — j , ncls- p i pe s i s - s - s - s -  s--n ,’ s-c sd ce-ted
to provide a fice--; rate of 120 ppm so n-is - an - tim e ung ine~~cec:’i s n - c o l o n - o r  could  be c l iaru;c d
win - Is- 30 ga l lons of oil in about 15 seconds u-ms p a rt  of n - i n m s -  i, . ;m li t i on  cyc le.

Figure 18 is a section of a fue l  oil  i rm j u-s- c t s -or .  Tim e irs-~ s- -c t o r  i s  de si gn ed  n-er un i
form radial dispersion of oil tlmroug lm an annular slot an- a velocity of aSout  10 n-ps.
Time sing le i n j e c t o r  for the 1 5— f o o t  t ank  has an am -unu la r  s - s - l o t  3 / l 6 — i n c i m  h i g is- , a mi d t i n ’ s -  S I X
para l le l  i n j e c t o r s  for  time et s -~s - i t s - c — r o e s - s -  s i n s - n u m l a n - o r  lmav n n m m m n u l a r  s l o t s  ln ’ 16 — i n c n m  s- i

Time f u e l — o i l  p n m s - s - ; i  and m m m o ts - e r — ope ra ted  s - s - e l e c t o r  va lves  are e~m c ’r s - ’u t u ’d  t e - c n - s -  n - i s - c  con t r o l
cc-s -s- so le ,  Three  s - s - s - s - s - dc - s  of o 1-~u r a t i o m s -  a rc  p r o v i de d :  opeis-~s- t  n - os - i  of n - i nns -  p u n s - s -p o s- s - ly to  sm s -pn  I y
oil to otis-cr sjn-,s-s-mlators n - b roug h t  m a n u a l  va lve’s; t ’ s - s - n s - n m~i l ly  c o t s - i s - r o l l - s -cl oil inj e u :n - i c - s - m t o  e l l i s - c r
ti me engine—room or 15—foot  t ank  b y c n er g i z im s -g  p u s h — b u n -t o t s -  s s - - : i t s - c h m e s ;  or u - j U t u u :  a~. ic , n - L m s - - s - d
o il in jec t ion  in s - n i m i c i m  am -n i n te rva l tim e-er con t ro l s  opera t ions -  of t I m e  s - s - s - on - or  va l,v -’s s-s- s - s - n i  p n n n ’ n e - .,

Det a i l s  of ti -n e fm ,t c l — o i l  syst en m arc slmowms - its- NAVEAC Dram-s-i s- s-p s Fe -s .  40 0557 8 ( ore -s-a l l
l ayou t ) ,  4005873 ( 1 5 — f o o t  tank) , 4005875 (eng in e—room s - i s-s- k s - s - s - d a r er ) ,  and 4 m ) s - ) 5n - , 7 8 ( n - t u e - I — e n - n -
i n j e c t o r ) .

Time Sp a rk — I~3nj t i cn  Sys s-es-;

Time sp ark— igmi l t ion system is shown in N~s-s-V FA C Dr a w i s - s - p s  Ps -s- s. 4005872 , (c’ s-e- s-ra l i  l s - n y u s - u t )
4 1)05874 (en g i t s -o - ro om s i m u l a to r ) ,  4005873 ( 1 5 — f o o t  t ank)  cs-nd A OC 5878 ( o p s - s - r k — p lug I s - o l d e r ) .

in general , a spark p lug is p laced wit is-irm one foot of each ga so liu s -e injector , i-:icls-
six spark  p lugs irs -  the  en g i n e — r o o m  s im u l a t or  ami d two in thus- 15— foot tank. 1 I ca v y — du t y
Champion ls- -S-47— 11 gas turhim -s - ms-- type i g n i t e r s  are used , as t hey pr OV Ld ‘s - m s - a s t  si m~~cop t  ib l e
to sh orting through i ,s- s-s- s-n s-us -r sio n in oil and water and spr ii’kli:s-g w i t h  \ s - n n c e - r  sp r ay . Eac i m
s p a r k  p lug is mounted  in a brass  is-older , sealed wi th ;  as - n 0 - r in g .  I l i - s - I i - v c l t a g e  w i r e -  e ms--
c le -e - cd i i i  3 / 8 — i n c h  T ype 304 s t a in l e s s  s t ee l  n - t u b ing  connec t s  m s - n e - l u  sp s-mrk p lug to a unt n - p s - s - i —
t i c - m m  t r a n s f o r m e r ,  Ignition transformers for t ime 15—foot tn’s-k as-n m ’ I u -u c~~te-d a t  Inhe r a t - - c —
valve Im ua d c-r ( 4 ) ,  Fi gure 13 , amid transformers f o r  the  c n s - p in us - tnOm ’u n-s- si s- s- s- nu J at o r are  i oca t - s -d
j u s t  m s - n u n - s i d e  t ime s i r s - u - m I s - s - n - o r .  A l l  t r a n s f o r m e rs  arcs- c-nc lee - d in w a t e r p s -’ s-ot ju m ic t i om bus - s - -s -u 5.

k’s-’bsis - r E l e c t r i c  Type 822—6A06 trams-aformers are ‘s-sod t h roug hout  t i n e  cy s t eu s - i s .  T l . e s - , e
arc s-n L .s-s-is-dard oi 1—bus -us -or igmlition transformers. Earls- n - r e - s - s - s n - es - n - s - e ms - operates w in - l i  a pris - s - ; s - iry
ve i tagu :  o f 110 vo l t s  and a p s - u s - m a r y  c u r r e n t  n - I s - a t  v a r i e s  fr s - s ,r 0, 10 c s - p s - s - c m ’ s  wi t l s -  cs -ui o’m’cn
seco n ds - t r y  to 1.5 a s - s - p o r e- s w i n - li an as-c iu ; n-hit se -cou s -dary.  T Itus - u secondary ep~s-rates at 8,500v e i n - n m  and 20 mi l l i s - u r n p e r u -s , e it he r  shor eed  ms- c w i t h  a i m n i ’n - ;a l  arc , w i t h  rms - u rna l sine -rn - lu -ad
wi re -s .  ilowever , as in s t a l l e d  ius - i s - u s -  Pu ’ts - i’o lk sys tem w i n - i s -  iong , . n n c l u s u s - d h ig h-” e -o i Ia , ;e l e a d
w i r e s , primary curront is i n c m s - m - a s e d  t o  2 . 4  s s - ; s - I m t’r u - s .
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FIGURE 18. FUEL OIL INJECTOR
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-
s-

’ i s - s - s -s - s - - I  - - , m  m - o m ’ d r o - ,; ’; ‘~. l u p i u s - n , W I  I I ,  - s - n m  u s - p m - r u  m I r i  m u l l  i i i  t h u s -  - .s - - ’  ‘ s- c b s - m r y  u s - f

~s - mi.-  t r. uui- - u — c r  - u  f l u - ’ - m u m  - s - u t  — r ’ u l s -  - bu y / • m i s - l u - i ’ m ’  s - n — l b — s - s - / s - - i s - - m’ , I I s - ’ -  s - s - s - - s l u r  m ’’- ;i d i s - s - i 3  i ’ s -  im ~
.. s - . - . , ,  L u a _ i ,_s - l .  ._ ‘_ - - - 

— ._ t - _ ~u :  I _ u t ;  - -,- _ i t s - _ , f Jr _ I n s - ;~_ _ , I s - - u ’ s- s - s - u  I I y ,  — —  - u _ u I i s -  s - m i  , u f ~/ ‘m _ i n -  -
- p i t

.. ., ..u h” . ,_ .,, .s- s-nj .n ,, .r- s- L.Iis-t b, , t i s - j  s-I ts- s- 1 m m  i r s - n - p  is-i s - p s - - t hy .

-~ ~~- - - n m - - ;  s- t - ‘ s - p s - u I i i  s - n  t m  s - r u  s - u t  - - u l  1 m m  n - b u m  - ‘ s - p  s - r I ’  — s- i n n  p s - s -~, i c t u - u — . n I n ’  n u n  I m i s - - c ‘i t  I I 1 v. - - s -
- n - 1 1 t j ; u - ’ m r s - l  u I hu m u i / _ m m ’ s- , s - m u m ’ ! I ) m ; s -  s - _ s - r i s  1 , l n m ; ;  s - s - n m - ; u i u - c i  i r s -  hum -  I s - m s - I ’ !  ‘ i i I l s -

n m  I)” ; u i i~;. I s - - ’ i .  - ‘ ‘ I -  s- , s - m  ‘ ‘  i t ; -  t — m l  I s - - e l  u s - u  t i m _ u ;  ‘ I n s - -  ‘s - /s - n t - m s - u — l ’ - - / - l . i ns - a h c s - , m t  1~ i s - s - m s -_ : i m  l i - _ I  mm ’, ts - s -s-

I I m m  ‘ i t  p —

t i m ’ -  u : , s - m n -  u ’ s - u i  r ;1 •t  s-

s - u  I I i t s - s - i, I i i  s - t m - , - - - - ,  i n  u n -  m t  m - s- I t i s - s - n m  n y -  n - c -mn ; s- u r e us - o m i t  r e - I  I ( s - d fu n - cull s-i —~_ u s - i n ’ r u s - i  s- cu s- - s-~ c - I s - s -
i t - - s - I  - u I I - u t  I m u t - i i  u - i s - I  m s - s - ; j~~ - - , 

‘
~ - - m s - u - m m ’  i u s - i  s- c - u s - s - n  c - i s - u  pr c- s- s - i s - i s - - ; s- s - - u s - r u  s - n n - m s - c  u s - u s - -  c s- u t _ I s - s - s - i c; f i b

- u i t  u - u s - s - u t I c I - ;n I I — , s- m - - s-n I — . u s -  ml I m u m —  s - s - s - s - u n  m u ~s- I m g s - n ’  rui n- i m s - u s -  i s - f  m s - u  cs -h [ mu u s - s - s - t i  m s- I s - ,

I I u n r s - -  ‘1) - i ’ s- t I s - s -  u s - n ; u t t ; ; u  s- s - - m i t  ( m l  u s-mar irol m’ u I ui J prun (unts- i i i  t i t u s -  I i  (s- I s - I  ( i  I l u ’ s - u - . ‘I u- n - u s - I r s - s-i
m s - m m ’  s - m i ’  i ‘ r 5 , 1 1 m m  I - - - l  i . u s - s -  - C - m s - m u  r- s - s - i  I h i m ’  cmlii CC P m -  f - / s - - m s - u s -  v i  s - d u n - i s - u  I s - m c i  c-mg I h u e -  I ~s-s- — [c e -mt  I - o k

- - r s - ’ f  t im.  s- m m ;  j m u , ’ — u m n u ,s- ’ n-_ i  - m i s- I e m  - An s - - r i - - i  u s - , s- n i  pc-~/ m - r  m - m ,r s- t ac s - ts -or p s - s - r u m s - I. i s - n s - s - m i n t s - I ’ d  on t i m e -  - n s -’u i
i s - . -  i - n t i m ’ ‘ - i m n d  : ts - - ‘ m ’ s -  I ‘~~ ‘ n - m s - s - m t  I s - i n k .  s - i ! n i  s - n p s - s - s - m f s -I (s- i t s - t i n  i n s - s - n  t h i s - u  ms- i in p m - r / m s - c  ( i i  —,-.‘ u, n u s - l s - ru_ t
‘ s- s - i  i I i. Ii  a t - I [ m m  s - s - u ’ s-. , - - t - C - s -  t u r .s -  , s-i m s - c.! I s - u  - ‘ s - l u  I Is- I c - e s - s - u  - - 1 gt i e~~c l o p  - v i  In cho u; s - s - s -m d  I:’, s - s - o s - u  s- c, I
. u r u ( o s -  s - u  l u  i s - n i  n - i s  - s is- ;, . s-_ n - ms-u ‘ , s- s - s - i r s - s - I ’  m f j , s - , s - s - s - rm n m - s - t_ - u - s - i n - e l i  s - s -, s - n n L s - ’ d  a b c - - / s - -  L F n s - s -  s - s - s -- u t ’ r n ; l , c _ ms-
- s - m s - l u -  u s - n u t  m s - s - i s - ,  - - - s - - s - - c t ,  t i - - s- ; s - s - i t i m n m i  I u ; n t s - ’ , I o r r m - ’ r - ;  s - n  u s - s - s - s- m u c u s -  s - n e - i n s - s -n- n m - u s - u i ’ n t - i l u n s - i t  i s - u r i
s - s - u’ m 1 - i t  t i c  u s- s - P  s - - P u- - u s -  p . r  s- s - s - s - u. !  w j u s - m l ’  i n s - ; i m I s - -  s - u s - , j s - s - s - i u l s - u L u n r ,

s - ; - , . ‘
~~~~~s- ‘;  ‘-0 ’ s - i L L s - )  i t s -  - m - f i r i n g ’  - r - I n s - - n s - n u u t , l,c [or I s - s - u  cs- c-c - s - n - r o n -  s - s -s - u’ s- I s - u - u n , aru d I r e .

‘, s - s - L  - us - P t  is a v i m - i m s -~ u l j , s - , ’- - s - n s -  h ’ s-C t i u n s -  c c-u s- I c c - I  m s - u , ; m s - ; o l m s -  and  th u s -  c c s - s - l s - a c L c , r  p a n e l .

E m  u s -  s - I  i s - s - s - ms- u m s - f ’ Cms - c - t i _ r u , I Con s-u c - l u  - Pu--; i s - s - n I um - ii

I i  n y m r  I d s - s - s -- - n s - s- t i - u a r r ; u t u p s - - ’s- s - - n - .t  of i t . s -  control u s - — u s - m s -n o b  f r o n t  i m s - i r s - c i  , This pans -cs-I. is
s- s-au I r s - - u r i g h t  f o  I~.s - f L s - s - n ’ s - s - - p t  s - m s -  t h u  t u ~~) rou of _ s - ; i t . ms - h~s - e - ;  n - I s - u n  I s - s - I  I: s i d e  c s - o s - s - n - c c - i  s-n

s - i ’ s - - I s - n t ‘ s - - t i  s - m i  L i u s - -  I 1 ’ s- u _ I - s -  s - k  s - s - nd  L i m i t  r i gh t  s - i ( i - s -  c o nl  r e - i s - ;  n m ; u i s - r~s - s - t i o r u  of t.is - s - s - enp i s - -u us- ’- r m’s-rs-s-s-s-

- i s - s - s - t h u s - r , i s - s - u s- - Is - s - i t I is - u~ ~~t , t h e  c s - s - n s - t s - - r  of t h s - s -  p - i n s - - I  p r o s - i. d n s -  n. e - s - s - I n s  of ( s - V s - r a t i r m g  is - c t m s -
o il  m s - u  p , u s - u ’ f  I L s - . s m - i n - m s - c  n ’ s - - u p ,  as - n n m .- e d m - d  f o r  s - s - tm pp l y i n s - s - ;  o i l  to  ot is-er  b o c a t i c e -~ and fo r
t i  I H s - i ; s - p m s - s - h i s - ; - s -  - c f l s .  s - i  h r j u - f  j u i s - ; t, m ’m m c ’. j ori l i s t  i. s-~ a l e c ,, n u t _ I n n - _ I s - e d  a t  f_ I s - c  center of is -i s-n

~s-~~n e - l  . [is - s- u t m u , ns- E s - - s - r I  c - s - I m n ; s - :  i n . m u n m - l  p r o s - l i d s - u s  u _ w i t c h i n g  f o r  o u t - s - s -- s - n - ic u’s -p u - r a t i o n ’ s -, aims - I  time
s- s - . t  I s - s - u ’ )  Part c-f n - h  s- ; s - s - s- u u s -  - I u s - c o v i d s - - -  u-/ i n - c l u i n g  f o r  ma imu a l  o p e r a t i o n .

I I n s - -  s -s -n- : i n - c h u m - - ;  i n s -  I- ’ i ;,u r e  21 cm r u m n u m b - s - r e d  to  s - s - i  c - s - s - i l l  b y n - l ie  d i scuss  ion t h a t  f o l  irs-vs , hu t
L i s - u - y  a re  n o t  m s - m m : s - s - b s -u u m - d  s -s-s- i  t he  c on t r u , 1. p i u s - e l .

-r i - top  r u -.; of t hus - u p s - s - s - u s - s - I. i u -u u nh .t.idis-~ titu s - f r - !bs - s - n~ ( s -EPCY STOP I n s - n u t s - t o n  ( 1) ,  ;i key sw i t s - c im w i t h
l ’l s - \ IP Iu \ l s -  s - i c - m d ,\ 1n f 0 s - r ,  i. m ions  ( 2 ) ,  a COPSOiis - POWER s s -.-; i .t ch  ( 3 ) ,  and an a r - s - n - s - m s - n - e r  for c I t - - e k i n g
p s - n w ’ s - c  to i p t s - i t ion n - s - s - i -s - -n 1  s - s - r u ’s -- s - CS (/s-).

T h u s - u  I , l i t C E . u ,Y Si’OP i’.~Ltuu s- (I) us-hu ts off s - m u ~vs-’s-. s - r  I s - o t hus - console , st o p p  c-np i n ns - lu mp s
ui - — - - n m -  r n ;  i z i  us - ; . ;  i ps- ’ i t s - i. - n i n-ran - for i rm er s  , ms -losing is-c I r u m m o i d  va lves , atid a n -  s-i~m p ius -g  a u i s - o n - s - s - m n - i c
‘s-a- n n - i , - ‘ r u ,  l I m e - -s - m s - :  r , i t  P m ’ s - s - s - u t  ms - on - u. s - l u u u n u u  r n O n - u i r i sC(l is- —mu v s - m l v m - r s -  used on ( s-he fuel—oil
supp l y h is- .. ; , s - u S  s- I s - u - S - s- n us - s -.s- n - s - i r s - s -  p m v u s-s- to us - is-s- se .

‘[I i ’ s -  k s - - y  sm-i f i s - e l m  ( 2 )  i t ’ u-e-s--s- I ( i s - s - m i  c-n f _ b u s - s - I s -  onl y a u t , h m o r i z e P  s - c s - c r  on ’s -ne 1 Call  ope n - cu t s -s - i  L ! s - u .

s y - s - t c s - m .  s - I L l s  s - s - s - -n i I n s -  im I s - cu , f _ n o  p o s i t i on s , ; u s - -’iri ’ - s - d  AUTO imn (I M A P I JA L .  When n - i s - c -  ms - wi t  cii i s  i n
AUTO p u s- n I I i  in s-n i I u s-i p en s- s - n i h  I s -  f _ u s- c s - p m s -ue - s- to I he AIJTOI-iA TI C OIL I PIEC ’l’IOP sy st e m , n - I s - -’ ,s- PTIs-)I- s- ,Vi’ ic
I G I I  I I  lOP  s - ;yn I s - : ’ 1~ s - in s - I is - - -  s - c m r u ’ t s - u s - ’ , m s - s -1 ’mr , -s s i c - n  ms-s-ia I’s-c STOP -s -w i  n -oh. Wit s - h t i m - u  s w i t c h  i.n the
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4 1

I ‘s - s - ’J h \  I s - p s - s - s - s - i l l  on i t  I s-n posit l b  I s- ( o ops - - m - m t s - s -  i i  ‘- i x  m a n t m e  I swi n - o h m s - s  on m ach s i d e  of I h ut
COm ) ’ c-ni C , and t h - - P A P L 5 A I. ( A I s - m h l . l ~~ s-~ I’T P I P  - - - u i t s - - l u . T his - c  :s-IA PU A I. FUEL—Oi ls- PIJI- I P switch ( s- I S )

at f _ I t s - - c m - m i t  ( ( s - I  t h n - ’ m s - cs-ri c - s - I s - u  ~mn I s - n -  o s- s- s - - c - u I  ‘ c i  ‘ - ‘i th t i n ”  b u y  switch in s - s - i  t,i s- s - s - r the AUT o
or s - 1s-

s-
~~~ s -J s - \~~ p o s i t  i o n .

— 
u \ f t - - r  t h e -  lu. -j  s - - s - i t c h i s t s - s - r n m ’i 1 0 l i n u s -  d - s - s - ; ri s-d p s--n ’s- i t i o n , the  c s - c s - n - . , t o l e  i s  e a m s - n p i,zed

P y j r - c s - s i n g  t I ; -  ( .0’ s - P o l k  I0 ’ - - . ~t s- s- - - u I l c b n  ( ‘ t ) ,  Th u s -  red h i g hs -I cs-ri n - i mi s ‘c e - i t c h  i n d i e s - u n- ir s t h a t
n - i s - - u  con ’s - s - s - u ul n s -  i s - n  s- s- s- -s - s - - i l  s-intl c- - s - s - s - by f uur n u t s - ’ .

Ac -i nm s-e , - m  er , m . u c h m - d  I C I s - I ’ i  [OP ‘i l l A I s - ’g OR M ERS , in d ic a t e s  I s -he c t s - r i s - s -  r i  to n- It o ignition
t s -- .t s - s - - s - f nn s - s - . - r ’ s - . P u s - r  us- s - s - r e - n  I u s - P - - r i m  I s - ion t i m e  t w c n  t r a n s f o r m e r s  for  t h e  15— f -s-s- cu t n - a s - s - I. mov e f _ i s - c
a- nu n s - s - I  s- - n  Os-- - s - u s -  (s- It l y sl i gh t l y ( t h e y  r u ’ s- u t i cc abc s -u t  4.8 s-ms - s- s-p ores). Thir- s-s - s - t gi n o— room it i s - s - a l t- u —
f_ o r , s--l i n - h s - s - i  s-u t r a n s - - u n - o r e s -- r n , d r a w s  16.5 s - nrn p u r r e s  for nor ms-is -s-I o p e r a t i on .  The s-s - s- s - s- ru ms - s-I s-cr r s - s - s - t d —
i r s -p  i S  n o t  c hs - s - ns - s - y - d gr - a t t y w h e n  s - s - p a rk  p ftmg s are simo rtms - s -d w i t s - h o i l  ari d —-in te r m s - n u m l s i , cs - n , so
I i ’ s - m t  t h e  as- s- n - s- s - - I s - s - n  r u - s - n u b  i s - s - n~ n l . c - us - s -- is not a p c - s - s-i n - i s - /c i n d i c a t i o n  of s p a r k — p lu g  m a l f m s - n c t - i - ‘ s - n .

I s - u s - - o s - - / c r , irs- c a n s -  of cmi open c i r cu i t , t i’s- c- a r nmr ne t emn - r e a d i n g  s-cin c ,ns - 1,d f a l l  o f f  by 7 .3 n a p s -s - u - s - - s
- s - c  m a c h  i nac n - i  — in ’ t n - m s - u  ‘ s - f m - t n ’ s - - c ,  Any [a i l u r e  of an i gn i n - i o n  t r a n s f o r s -  — - s - c  r i - s - s -u i n - i  ng in  a

she-- s-c t c i r c e - i n -  u - i c - mi ld  p r o b a b l y g re a t l y i n c r e a s e  the am mm s -n - c s - r  r e a d i n g .

Two oil inject ion Li n - s - e - s -r s  ace loca ted  in the  second s-ow f rom f _ I s - r u  t op ,  one Ion the
I — f o e t n  t ank  ( ‘Is- ) a n d  on ;-  lois- t i t c u  en g i n e — r o c s - r u  sins-olator (6), These  a s - e  s - t s - s - c , . d  by 5 m m — l u ’ s-p

i s - u  Is- i ns - s - -’; for in v-c n- _I cs - s - n  u s i n g  t h e  cen t  or k t mob on n -he  n - i r s - m r , n -hen  p r e s s  i t s - p  f _ F s - , s -  ;s-ryi’(r-p~-r io;oi ls- T IV J ECT IOP s - s - s -s - i  tch. T h i s  s - u s -- i s - if _ cu encs-rgixc’s-u the  fuel—oil pump s-s-nd open’s tim e uus-otori ,zcd
i-s - s --n i l  s -a lv e  I s - i s - a t  ‘ s - t m pp i . i  s - s - s  t he  s i s - u s - m i l a n - o r  s e l e c t e d.  A red poi n te r irs- t I s -~ timer ttu rrs - s s- s-s- ( O’
u- ;- s -c d until it c s -’ s - m c h e s  z er o  t i n - s - c ’, wh en the f u e l  o i l  puns-p is d e — e n e r g i  n - s - ed and  c l o s i n g  of
f _ e r  ns - s-rJ’ o r iz r d  V s - s - c - I — c s - i  I m i n I - i s - u  is  h m g u n.  C l o s i ng  t i m i s  v a l v e  r e q u i re s  t h r e e  seconds , ‘s- n
s- s -h i s -n- IL i n  i n - p c u c t - m i m t  c-el f _ cs -  i n n - e r r s - s - p t  power  m u o n - i l  t h e  va lve  has  is - a m -I  t ims -c ,n is-o clo t - e s - if
I~~s - -s - -s -r  2 5  . i f l t c c r n t 1 s - I s - n h, ts - ! ncs - s - s - c s - tor i sod v a l v e  cars- be c l osed b y s e t t ing tI ;e key ,s-c n-i i ts-ch on

• P s- P A l s -  ‘- s - s - s -i - n - n c - r n - i s i n g  f _ h s - s -,s- 1-IAIL t s -A ls- OIL I IP J EC TI ON s w i t ch  (13) fo r  abou t  n - i s - u s -  seconds , (s- i s - s - -a
- m 7j t 1  i t  i n s -  t i s - u r s an io t i  Id i net be s - me n -  for s- m n i n j c c f _ m n n~~~~n i c d  of is- ‘s- s  n- i s - i - i  ~

see s-ai d ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• A l  t h o m m g ls - n - h e  f u e l — n i l  pump i n n s  a c a p a c i t y  of 120 pp s - - i  (ga l l ons pe r re i n s - u n - c ) ,  is -h e l i e ’s--i

i rs - s- a t I m e  i ’s - - f o o t  f _ s - s -o k  is l i , s - s - i t~~d by p i p i n g  size to 70 ppm. A 0 . 1 0 - in c h  oil  l ay e r  i ts -  t i m e
i ’~~ le on - n - s - ink r - ’ s - 1 s - u i  rs - - s  9 .6 ga l lons  of o i l , w h ic h w ou ld be a d m i t t e d  i n  8 .2  s econds,  is- i l -r e—

s-- i ~se , 64 c s - n l l ons oF o i l  s-s -re r es - m 1 n ,u i r e d  [us - i s -  a 0. 1, 0 — I n c h  o i l  i s - m y c i n -  Ic-I f _ i s - s -  eng ine— room s i n ”. ’ ,i —
l a s - n r , s - s - s - s - c l  t h i s  r e q u i r e s  o per a t i o n  of the  ftiet—o il pus-is-p fo r  32 seconds.  When sm a r t i n g  up
cs - n  c s - s - s - pLy s i r s - ’ s - t l a t o r  a 0.3— inch oil layer should he admitted , In sub s e q u e n t  i g n i t i o u s -  c y c l e s
n - s - u - - in I s - s - s i t  o i l  w i l l , be r e qu i r - s - d  ; n-Is -is carm bc ’s- j ud ged by the  amount of t i n - s - c  the  f I r e s -  burn s -s -
ac s- I t I s - s - s -  s i n - s - u -  of t I s - s - u  fire. A 0 , 1.— i n c h  oil  layer  w i ll provide a l a r g s - s -  f i r e  fo r  nb c-u t  ts--;o
s- - P r m f _ - u s .  f f  a f i  c m ’ s -  i s  ns- - qms-  I s - u d  for a longe r period , the AUTOMATIC OIL IN JECT I ON s w i t c h
c-an be energ ized a g a i n  and n - s - ores - f u e l  s - n s - J m i I s -n-~~d at any time .

i f u e  t h i r d  rn ’s-i of s s - - i i t c h e s  c o n t r o l s  a ut c m m a t i c  o p e r a t i o n  of the f i r e  s i m u l a to r s .  The
t h r u m” m u m - c u e s - s  -on n - inc loft (7, 8, and 9) control the 15—foot tank , and the  three on the
r s - p i n f _  (10, 11, amid 12) control the eng ine—room simulator. Au toma t i,c oil injection is

u s -  s - ;u rn by pressing ‘ lie START AUTOMATIC OIL INJECTION swi tch  (7 or 10) as discussed above .
The auterratic ignition cycle is begun by starfs-ing the START AUTOMATIC IGNITION CYCLE
s- ’• s - i f _ c h i  (8 or 11). Finall y,  a En-er time fire has been extinguished , ti s - - s - smoke— supp rme- ;si ng
n - s- ai r spray is Iujrnus-d off by pressing the STOP SMOKE SUPPRESSION WATE A s wi t c h  (9 or 12) .
T h e  automatic i gnition cycle is controlled by two nt-on-or-driven multiple—cam timers , one
fm ’ s - n s - s - s - i s - n m s i r s - s - c - J a n - o r .  Each t i ’ r s - s - -r r e q u i re s  60 euconds  to carry out a c c ’n - s-p iete cyc l e .  If
I s - ’ - s - n  i s  i n t e r r u p t e d  b e f o r e  comp l s - s - t i o n s -  of a t imer cycle , the timer will continue to run

s--s- is -e li  mc -~-;u r i s r s - - s - n I .or -d , carrying the cycle to completion .

Figure 22 show a typ ical automatic ignition cycles , con ’cr o l l ocl by mu l tj , cam t i n s - s - n i t .
T h s - -  n- i r s - - ’  at s--i s- m i  cli ‘ s - n c i s -  f u r ucs -  I s - I o n  i s  s t ar t s - e d  and stopped ca ,s - be c b s - as - s - g d ‘ -a dil y by re’ s - s - i t t ing
t ! s - e  cams . The tong  p e r io d s  of spa rk— p lug o p e r a t i o n  b e f o r e  i g n i t i o n  a re  provided to I , n c - s - n
o i l  and c a r b u s - n i  o f f  t i m e  sp a r k  p l u g s .  Conveniemm l ntis-nuts-i cycles are also shown in F i c ; m m r e  22 .
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E s- los--i th r s -  n o t e ’ s -s - mt i c — c y c l s-s-s- u s - s - - i i t c b u u s - s - ;  s - I r i s -  tw o  s-s - s - -e r n -i c s - m l , rows of s - s - ; m s - m s - s -’ t l , s- s - W t  c - l i e s , s - - n i h
s- - s - i t che s I ( s - n  t ime 1 ~~ f o c s - t  t a n k  ens- the  i s - u  f t  arm s - i  t h o se  fo r  t i m e  e s - s - g j s - t m s - -  r n s - or s - s -  s- ’s- J s-~~ii Is-if_ or onm the
r pb s - n - . The princi pa l ptirpose of n - h r ’ s-u n-. is- w i t c h r ’ s - u  i s  n - c - per ’s - s - it  n s - an ua i  a c t s - n a t  iC ) f l  ( s -f s - s - s - ny
Is-inc t i c_n for cbs - s - s-us- k I as - ; o~s -’ s - rim is-n ion , f b s --s-w u s - ’j s - r  , the y cs-in s- a I so be mu se d I a c--s-s -per i s - —s - -s - s -V s- / [n-h

s-I i I [ens--nt t i n -~s- s - u  p s - u  r I od S fo r  cs-I cry I tu g c-un- i gn i n - i  on s s - s - q s - ; s -’r s- c s - s -s  n u n  p r s - s - s - S  i’ s - u t  I s -tn ’s- for s - r u b  c s -c t  i cs - s-i
an -  an opt i s- nm s - s - s - S s- s- s- ’ • s - i s - ’nce fo r  the  s-iuto mi s-an -ic— c :yci-s- control , Pc-m s-ally, r,~tn m j s - u l cyc les-; s- s- j r- s - i  i,i ns- n -n
t h s - s - s - s - n - s - - m o cy cl e s  she ’ s-n  at t i s -c s- top of Figure 22 s--m ou l,d he s - s - s - s - s - - u i. d ’ u - s - s - - v m n r , d c - r i  ns - ;  i ni,ti c - I, op -s - r im —
n - i o n  of n -h e  ‘n y s n - s - - n - s -  t h e  acu s - -s-ms - -,u l a n - o r s  w ere  i n o p e r a b l e , arm d sa n - i s f s -m ct cs-ny i g n i  f _ I o n s  n /c  r -  oh—
n -a m e d  s - u s i n g  n - he  c y u s -  I s - -s  s - s - I n c ’ s - n  s - ut  n-lie ho n - F c s - s - u s - of E n - p u r e  22 , in w h i r l s -  t i m e  a c c u r - s - u l s - t n - n r  s- s - s - s - s - c ’  r iot

• u sed.

T h i s - ’ n - r u t s - c  n - i  on’s- of tine n - n’s - s -s - u s --ui  is-wi , n- c h u m s ar ts -  m s - u s - a r  J y s - s - s - n  If— es-/.p Ic-na tory, s - s - r d are s - s - s  Is-s- i 1 un-i s-n

f rom top  to hus -ttcs -rs - m:

( I I )  n’s- nd  (19)  Ms - mj a t O i l  fns -~~ecn - ion

T h i s  sm-i l n - ch energ izes  the oi, l pmu m p and opens n -h c -  n - r ot s-or I zed ba l I s-ia I s - -ic-

in the f u s - s - s - l — o i l  l i ne  to the d c s - s - i r e c h  s - s i n s - s - m i l a n - o r, Is-hen c l o s e s  the  h s - s - l l
s -y al ’j u when  L! s -~ s- s - w i t c h  Is ttu rt ne d off. i n -  should hcs- us-n ongi zr-cl for no
less  t i -man S second -s to  a s - n c - u r i s -  c lo s ing  of t h i s -  m o t o r  is - s -m d valve ,

( i -’~~) and (L0 )  Ma ns - us - u i A c c u r u r s - - t n t ’ m-s-r Charge

TIc-i s su- , i ts - ci s -  - -u i s - s - r g i z e s  I s -he g s - m s ( > i i n e  [m s- s-s- p -u nd  opens  a s - s - s - i  u s - s - s - o l d  valve
ccu ’ s - f _ r o l l i n ; ;  g a s o l i n e  n - i c - - i  t o  t h i s -  s - m u  c n s - s - s - , , u m f n ’ m n - c n r. The gasol . i  ne f i l ls  t h i n
a c e - r n - s - m i l a n - o r  to t ime  ps - I s - s - p  s-s- Is- p r c - s - s - s - s - s - n r s - s -, a n - I s --c  wh i r - i s -  e x c e s s  gs - i so l. i n o  i S
r s - s -~~s-, n r n s --n d to  t ! s -e  -gn ’t s - s - o I i n e  ;s- r or s-s- p t s - m s - s - k  n - l ; r s - c m s - i g t t h u s -  p r s - s - s -n s - s - m t s - s - m s - — c c s - n t r o l
v a l e .  Is-i s- m i s - ri n - h e  s w i , t c h m  i t s - u m r n c d  o f , n - b u s- ;;olrr n m o i c i  v-s-i ly e  c lo se s - ;  and
t h s -” p s - s - s - p s t s -—s - p s .  Tim e i I e  f oot  n - c - n h  s - s - s - c e ms - s - us - ntIs - tn - or is c b s - a s - s - s - g us- h w i n - i s -  I ga l
of gs--s- s o l i n s - s - s -  , ar md n - i s - s-s-u two l O — p s - m i .s-i c s - s - s - i s - s - s - m n i  s-m n- or-s on t h e  s - s - n ’ s - p s - t u e — r o o m  S i r s - ’ t—
l a t e r  a r e  ens - s - i s -  c h s - a r g - -d w i n - h  3 ps-i l of g s - m s o l i n e .

( 15) and  ( 2 1) ~~ a- G a sj ~j~~ n- or

T h i s -  s ’ s - i t ch  opens  a s o l e n o i d  va lv e  n-hat a d m i t s  conp r s -’s su ’d n i t r o g e n
I ris- s -c- t b s - e  g s - s - s - e H n e  i n j e c t o r , a c t u a t ing a p i s t o n  t h a t  s - - s - u i s -s - es  t he  i n t j s - s - c
n - c r s-a- s -p.  ‘ n - h i  s- t e a s-s-es at ’s- s- n n n u l a r  s - u lo t  1 /4— s - inch  h i gh t h r o u g h which
s - p s - s c - l i n e  i s  i n - s - j r - c l o d . I-E s - s - - s - n  t h e  OFF swi tch  is p re s sed  ts - i m c  p r e s s u r e  i s - n
r s -  I - - s - s o d  t T n s - s -c ; ’s-g im t he  s o l e n o i d  va lve  and a s p r i n g  cs- loses  t h e  i n jec t o r
ca :s- . Tine i n j s - - ’s - t o r  sh ou ld  be c losed  i s - s - s - s - s - s - e c h i a t e ly a m — s - m r gasoline in-
j e c t i o n .

(16) and  ( 2 2 )  M a m m a l  a rk  Pj~~gs

Thi  - s- s- s - n i t c h  s- - s -s-erg i z s - s - s  t he  s p a r k  p lugs  by prov s- i d im i g power to  the  i gus- i-

n -ion t r a n s f o rm e r s .

CAUTI OP : Som e of thus -  s a lvaged  f t m s - - l  used an- time F i r e — F i gh t i n g
S c l s - s - s - s -’mt  c o nt a i n s  gaso l i ne  and can he i g n i t e d  by n -he  spark  p l u s -p s .
Don ’ t e n e r g iz e  spa rk  p~ ugs w i t h  such f u e l  u n l s - s - s s  a hose crew
is avs-ii I n s - h i s -- t o  p u t t  out t he  f i r e .

(17)  n ’ s - r s - d  (23) M s - - s - - m s - mi A c c u s - ’ s - s - I c i t o r  Dump

• T E n - s  -ss--/ i tch opens a solcs-noid at lbs-i c s - s - i L l s - n- of f_ I; a c c u n s - u l a t o r , dtir rmp—

I n ’s -E st o r e d  g a s o i i n s - s - u  t s -hrot i gh t h i s - ’  ps-iso1 i n n s- ’ i n j e c t o r  i n t o  t h e  simulator .

C/nUTIOP:  Spa rk  p u mp s  s - s - [ t o u i d  be m s - u u e s - a ’j z e d  before iu ’ijects-ion
s - s - _ u n -u ) avoid i he posit i h i  ii t.y of a gasoline—vapor exp be -s -i on

l an - cr.
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• ( I  -I) and  ( 2 4 )  Ms - ins - mi s - i  I ok c u n p p  I s - s - s - s - jpn [Jim to r

T h i s -  u s - s-i n- n- c s - is - t s -~~- - u u - s -  s-i ’-s - c s - i ( - n~ n i ( I  v a l v e  i t t  t h u s- I i n c  t I s - s - s - n -  s - s - s - s -s -s - p I i s - - s - s
sn ’n s - s - k s - s -—s- s - ut t s - p r es - s - sio n ‘ -i s -’i t s - s - r  t m - n Lbs - c  s i n s - m l a n - c s - r ,  For h s - - s - , t s -ns - s - s - c n ku s - ~~s- s - s - —
trol the water f i r s - u  s- s - I s - e i u l c l  h- ’ ‘ / s - i r i s - s - u t  by n r s - m n i p s - n i a t i us -us - of th e

ur i s-l u ’s-u s - i I w a t e r  valve .

A r r s - t s - s - g s - ’ r s - --s - ’m t  s - s - F r i m s - -  P c s - w s - ’ r — C c n n - n c t o r  P a n e l

i-s - i  s-,s - s - r e  23 i s  s - u p h u u s - n - o g r a ps- s- o f n - I s - c- ins- ;j,d s - - ci i  n -h e  er s - e i o s - s - c t  p ci-s -er c o n n - a c t c m r  p a n e l  . T h i s - ;
p s - n r c - - I  C s - ann - a  i t s - s t ime  os -u i n  d i s c o n n n s - - c t  s - s - s - s - i t c h  s - s - mad f s - ; s e n s  f o r  the  I p s - s - i n - i  on’s- s - s - y s t c r s - m, s - s - o n - u s -us- s- t a r n - u s - s - s - m t
f o r  n - I rs - p s -h - s- es - l i re  p s- ins -n J cu rmd n-he f i n ’ s- i — o i l  p s - i m p ,  a t r a m s - m u f o u s - n - s - r s - r  w i t h  2 2 0 — v o l t  n - m r s - I n s - a n y  I i q — s -j o i t

- ;c c c s - s -ui dary to supp i.y 110—vo l t  p o w e r  t o  m s - s - - s - i t c h e s , so lenoid  -is-r iver ; , r e l a y s  ari d t i n - s - r u n s ;  and
u s - s - m b  t i c s - a s-s- i mn e s -q u s - -n u s - -] m s - s - n -  t i : ’, s -r r s  n - i s - ccs-r , t ,ro i  a u t a s -’s - m a t i , c ign i  t i c s - s -n cycles for f _ I n s - u  i 5 s - s -~~f s-s-s- s-s- t r a n k

and th us -  e n g i n e — r cn r s - s - s - s -  s i , n - s - m m 1 s - s - t o r~ T i m e  I c -n et  Ion of cs -ri ch cars - on e a c l m  t in s -cr  is i r ] s - ’ n n t ’ i , f  i , c-d i s - u  IL i s-c
photograph.

SYSTEn -~ ADJ U STMEPT AND OPERATION

s - mr s - n - Is -i n~j~~~s - c u m u 1 a t o r  P re ss-u  cs-e s

s-
s- [ s - s - s- n - ’ s - u s - m ; s - t  of s - - s - m s - c s - t i n e  s t o r e d  in an a c cu r s -m u lan - o r  w i l l  d e - p u’nd upon  ‘ in - s  t o t a l .  c - s -u~s-ir s-s- i r y ,

I n - s - s  m i  n - i s - i ll n - s - r o s s - s - t m ’ - , s--s -n t - i i t s  f lns - im  i~ ~s - s - s - e s s u r e .  The in i t i a l  p r e s s u re  i s - u  d r ’L s - s - r m i , n c s - d  by
c 1 s - s -- m u - p l n ; s - n -  t ins - i  a r c s - mm -, u s - t i c - b us- h t n c h c [ c s - r  s - s - u n - t i m  n i n - r r g c - n  w i t h  n-he gasoline p ip ing  -i c s -n ted,by op- - s--s - n -  rs-p
the  a c e ’ s - s - - n i  I s - s - t o t  d u t u - s - n - u  ‘ i s - ni ’ s - s - c  s - s - s - s - ct t he  ga s -s - cs - I  inc i n j e c t o r s.  The f i na l accu ns -mu in n-or pros s - s - n r c  I s
dr s - t, - r s - s - i a s - c l  by t, I u r ’  ps-u - c-s-i in c  n - s - s - t n m s -p in g  p r e s s u r e , which  is a d j u s t e d  by a p r e s s u r e  c c - s - s - n - m s - c - i  vat s- ic
c - n -  n- i t o  r m s - n s - p .  T i t u s -  s - us - c r m s - u  u u j , i s -r or  f o r  n -he  15— foo t  t a n k  has  a c ap a c i t y  of S gru b ion s , and s- s-0
ac c u n s - s - m l s - n  t s - s - c s - n  f m - s - c  t h u s -  i - t n ~~i us - - —r o ot -n s i n - s - m i l a n - o r  each have a capaci  ty  is-f 10 Is- ’p m l  l cns - s - rs. E c - ,s -s - s -- (i on
Es - s - I t s - - l i - - - s - — s - p s - - r i ’ - s - s - s - u n L ,- m i  i gn i  n - i o n s  i,n a 1 5 — f o o t  t ank , the opt ic -term quantity cs-i gs-s- so l i ns-c t o  be
s t o r m - r i  m’bou l,d bu s- one gallon for n-Is- s-u IS—foot tars-k and 6 gallons (3 per ac t -ins -s- c-ti ns -to t ) for t h e
u - a p i s - s - s - nc - s - cs - c ’s- s - s - i e s - ila n - or.

Fl p s - n c .’- /4  s-s - s- i s -- s-us - ; the r e l a ti on  of i n i t i a l  p r e ssure , f i n a l  p r e s s u r e , and r m t o r s - -d g a so l ir ~ms-
s - s - o h s - u n ’  - r s - f o r  L im e  5 - s -~,s- ’ [lo is -  ac c s - iu s -’s- s - ;l at o r  us - s-ed w i t h  the 15— foot  t ank ,  To use F i g - m r s - s -  24 s-i F l  s - s - n m I.
p r c - s s - s - n m c - s - m  i s  sir -‘ s - c - I s - i d , a line is draums- vertically upward to l b s - u s -  des-s-ire d gasolin e ‘ io I ’ ; s - s - s -s-,s- ,
s -s-nd l b s - s -  initial pr s - s -’;suro is ren d f rom the  l e f t  marg in .  Dot ted  l i ne s  i l u c - I r a t u s -  t h a t , w i t h
a s-’ina l ~ r m s - n ’s- u r r s -  of 65 ps-s- i , art initial pressure of 33 psi is required for storage of 1.0
ps - ul lrmn of gasoline .

Figure 25 show s similar cs-;rves for one of two lO gallon aces-. ,s-u l a t o rs  for  th e s- s - n - s -- s - ’ [ t s -s- ’
rocs -n -s -m s i - s - c - is - u n - o r , for -ahich n-he opt~~ s - s - m n~ ~storage quantity is 3 gallons-, A~ in the abov e
m s - x a s - s -p ie , a f i n a l ,  gasoline pressur s- of 45 psi would require arm i n i ti a l  accumulato r  tic- ssuure
of 27 psi for storage. of 3 gallons of gasoline .

T i u c -  a r c u u s - s -u i s -u t o r  in iri ~~t pr s - s u r e  w i l l  vary somewhat  w i t h  temperature , decreasing
in cold wean-h -n and increasing in hot weather. This will have the effect n-is -nt slig imtl y
rn - ar ts - pa -s - s - s- I i n s - m  w i l l  he Injects-s-ri in cold we a t her  than  in hot w e a t h e r , w i m i c h  appea r s
d e sj r e a h l ,e,  A change of 70 E m s - g r e e s  in accumulator temperature will change stored p s - i n ns--

l i ne  - /c - I - m r s - s -c- by abou t 13 p erc c-n t , w h i c h  does  is -us - I appear  pi s-eni t enoug im to require Cos-~s- [ s - - ’ t s - ’ n s -
t ion .

The s-uccumu lat (s-r InItial pressure , ones- c se t , should not change with tinm e , and m I , r m n l d
O r - n -  r i m s - n - u i  r s - s -  a d j u s t rs - s - - n i t unless a change i s - i  gasol 1m b q u a n t i t y  is to  i-u s- made , Thc- r u m s - m s - s - I  i t
o 1 gallon and 3 p c - l b s - it  per accumulator r : u nn-ioncd above arcs- adequate for d os-u i Ps- .. 2
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d i e s e l  ci i i .  Ligh t e r  f u e l s , e s p e c i a l ly those mixed w i t h  gasol ine , kerosene , or J P 4 ,
could be i gn i t ed  wi n - i s -  less gaso l ine  but in - does no harm to standardize the injected
q u a n t i t y  at  Is-he level requir ed for the least volatile fuel.

The rm ccunuula to r  b l adde r  is i n f l a t e d  t i s-rougim a s tandard  a u t o m o t i v e — t y p e  t i r e  va lve
at the  er-id of the accumulator , and can be read with a tire gage . As a matter of conve-
nience , the bladders are  c is- arged w i t h  n i t rogen  from the same tank used for actuating
gasol it s-e - iu s-j ec t o r  p i s tons . However , i f  n ec ess a r y ,  they could be cimarged witis - a tire
punmp or arm y other source of compressed air or nitrogen.

At the relatively low pressures at which the  gasoline accumulators are used , timey
must be placed in an uprigls-t position to function properly.

S e t s - t i n s - p  G s-is -s -ol in c Pumping Period

s-lim e calculated period for fi I l imp;  t ime eng ine—r oom accumula to r s  is 17 seconds .  H ow-
ever , it Is probable n -is - at n - i s - c  g a so l i n e  f l o w  ra te  w i l l  t ape r  off  as the set pressure is
app roached be cause of p r c s - s s u r s -  drc-p .s in time system and opening of the pr essure rc -gul ator .
According ly,  th e n - in s -  needed to l i i i  n-he accuns -mu lators should be measured. Tis-is cart be
done by ins ta lling a clip—on pressure gage at tis-e nitrogen fitting on the  cop of one
acc e s - s --u lator and Icimium s- ; time period for pr essure rise to the desired value w i t h  a stop
watch. ‘[is-ui longest period m easured in several  successive runs should be set into the
mum -ic-arm tin s-cr. E s - s - c - ss filli ap tins-c does no Is-arm, as the gasoline pressure-relief valve
at t he  t s - m m t , p  opens at time set pressure and then by—passes gasoline . After a long sis-utdowus -,
a fs- c s- s - s - s - -s - n - ru m su -cous-ds of charging time may prove necessary on the first ignition if the ir ump
is is- s-at pr ius -med.

Setting Multicau nu Cycle Timers

l i me u s-u to ims-atic igni t ion  cycle for each simula tor  is cont ro l led  by a rms-u l t i c a u n m  sequerc-
1mg t ins-s-er located in the Power Contactor Panel , as shown in Figure 23, TIs-uc ft-unction of
each caum s- is identified in this figure.

Eac is- timer contains 5 active cans-s mounted on a shaft n-Is-at i,s driven at 1 rpm. This
s h a f t  s t a r t s  to rotate from tIs-e same position each time the timer is actuated , and returns
to n-is -is position at the end of time cycle. Each of the cams actuates a micros -switc ls- is -u s - l ow
t is- e cam by means of a roller-ti pped lever n-is -at rides the cam surface. When the micro—
switch roller drops into the notch in the cam tls-e circuit is energized , and wh-u n it is
raised an - the end of the notch the circuit is de—e nerg ized. The t ime at which time circuit
j~ c-ne t s - n - i zed is set by rotating n-he cam on the shaft , where it is held by two set ~crews.
The length of tins-c that the microswitch is energized is set by rotating is-aif the cam to
chs -ams -g s -.u time length of the notch.  Each cam inc ludes a drum, numbered from 0 to 100, and
a pointer , so that tuning sequences can be set readily. The particular timers used in
this system were obtained on short notice from stock : both have more cans-s than needed ,
and the extra cams are not used . Interchangea ble gears arc availab le for about $1.20 eacim
tha t permit varying the time per revolution from 15 seconds to 120 seconds. The 60-second
gear installed proved most suitable for present cycles.

Setting of the multicam timers is done is-s-ost easil y by f i rs t grap hing the sequence of
events to be followed by n-is-c timer. The baseline of the graphs- should be in 1/100 mi n utes
instead of seconds , as the timer-cam drums each Is-ave 100 grad uation s . In setting the
timers the drive gear , at the rig ht end of the shaft , can be disengaged by l oosening one
screw so tha t  the s h a f t  turns freely. The shaft can then be rotated and cams adjusted to
actuate each mtcroswi tcis- at the desired angles. One cam drum with its zero under the po inter
at time s t a r t i n g  cam ang le should be used as a reference for setting all csms. Cam B could
serve this purpose , or one of time unused cams to the right of the simaft. Cans -s would be
adjusted with the power off , to avoid cycling of equipment.

E A T T E L L E  — C O L U M B U S
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NORFOLK IN STALIATION AN t )  INIT TAL OP ERA T ION

Installation Experience

Time i gnition system was us- stalled at the Fire Fighting Scimool during tis-e 2—week
as -- n o d  from Ju l y 10 to  Jul y 21 , 1972 . All on-sin -c work s--s-as comp leted during tim~ s ~ 

n o d
as-md initial i pni t i s - s - s - us - trials were car r ied  out on Jul y 21.

Preparation for installation of the  ignitiom system at time Fir c—Fig h tiu s - g School
gas- s- ius - i s - u t e  Juus -o , 1972 , w i t h  o rde r ing  of a l l  c o m p o n e n t s .  A few of t h e  c on ’ s - s - p u- s - r e n t s  s e t s - -c-
ted j im  des i g n m i u m g  n - h e  s y s t e m  were not available on shorn -  n o t i c e , and s u h s t i t u t i s --’s-i s s--: c- r e
s - s - a d u s -  as is-ceded f o r  delivery in two to three  weeks .  Time oni y c e a p e n e m s - t s  t h a n -  ould  u s - o n -  l ’ s -
os- s - t a l u s - e d  in t i m - s - c for install s -m t ion were solenoid valves w i n - I s -  Vit on fluorcucs-s-rbo n rubber
d i s - s - : s - ! u r a g n s -s and  s--ca is , and a ccu n s- u lan - o r s  with V i t o n  b l a d d e r s .  s-’s - cco rd i s - s -g ly ,  va lves w i t h
P u n s-N  p a r t s  were installed and the Viton par t s  ordered for f u t u r e  deliver y . The life
of Buns-N bladders in accumula tors  was exp e cted to be s-sore than a y ear , so s u b s t i t u t e
bladders were not ordered .

O n — s i t e  s-- ’ork was reduced to  n-lie extent possible b y prefabric a tion of parts au s -d ass e s-s--
h u es at B a n - n - d Ie under  shop c o n d i t i o n s .  Ga s o l i n e  d i s t r i b u l - ors , oi l d i s t r i b u t or s , aum d
spa rk- p lug i m o l d e r s  we re  made and assembled before  o n — s i t e  work beg ams - , s - s -m i d  n- he c o n t r o l  pan ics - I
~s-s-d associated po’s--s-er-contactor panel were assembled , wired , and clmc-ckcd at Es - s - tn - c u e is - s - s - f ar’ s-
delivery to ti me si te on Jul y 17.

On—site work was begun on July 11, 1972 , and completed on July 22. Du r i n g  t h i s  n - i s - s - c -
underground piping arid electrical conduit were installed an~d paving rep laced , time gasoline
pus- s-s-p and new oil pump were ins-stalled , and all ignition components , piping, and wiring s-s-- crc
irs-stalled and checked .

Component Problems

Dur ing  t hi t i a l  operat ion of the system several connponent problems were ider s -ti fi e ct
a s- s- c l  corrected. Some of these were not anticipated , and th ese are described below for
is - s -L ur e desi gn con sideration .

A c cu r s - m u l an -o r  O r i e n t a t i o n

Accumulators were is -s -stalled in a horizontal orie nts -an -ion for conven ience , and it s- s-s- s-s-s
found  t h a t  they  did  not discharge gasoline reliabl y. Although it is routine to use
hvdrau l ic-sys ts -em accumulators in any position , the combina t ion of low bl adder pressure
es - e l  use of only abou t 20 percent of accumulator volume resulted in h oldup of gasoline
in t is - e  a ccu m ul a t o r s .  This was corrected by installing the accumulators in a vertical posi-
tion . The design drawings were changed to specify vertical orientation .

( ‘a so lin e  P r e s s u r e  R e g u l a t o r

-‘ precision balanced—p iston pressure regulator made for hy draulic sy st c -es -s was i s-s- st— il l—
ed in the gasoline supply system , but is-c failed withis-s- two du~ys because the hardeneul steelalan-on rusted into the cylinder. It was then found that gasoline usually contains suffi—
d es-i t water to rus t ferritic parts , so that noncorrosive parts must be uses-i in gasolimie
service -
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Aft e r a ‘s--cry extensive search for is-oncorrosiv e hydraulic-system regulators failed to locate
a m u v t 1 s - i n~ s u i t a b l e , a c ruder  b ronze  p r e s s u r e  regulator ns -s-ade for gasoline ~s-ervic e was sub—
s-st ituted.

C as o l i nc ~~~~j~c c t o r  F a i l u r e

The gasoline ims-jectors were insts 1 ied with a bras-is central shaft attached to [i s - c  to p
e.s-s-p w in - Is - a l/’,-20 n-is-read. On n-lie first pressuriz ation of n -he  injectors in a closed posi—
ti e s - u , s- - s - in -h time caps exposed to pressure in n-be raus-ge of 60 psi , one of tis -c shafts br u ke
off at the 1/4-20 thread . Subsequentl y, win -is - pressure regulator problems rn ’s-eon -is -cs-cd above ,
snot!s-er injector was overpressured and anon -is-er shma fn - brokems- off. According ly, tis-e shaft
was rcch si gned as a 1/2-inch -i dians-eter sta inless steel shaft win -Is- a 7/16 thread at time top,
amid all injectors reworked . Injector consts -m s-uction sis-ould is-ow be adequate for au y comm ceiv~
able ovc-rpressure app lication .

Pressure—Gage Failures

Pr es s ure gages i n s t a l l e d  at  the o u t l e t  of the g a s o l i n e  pressure  r e g u l a t o r , a 1es--s- inc hes
f r is-s-s- th u s- gasolluic punmp , failed w i t h i n  a short time because of ires sumre pulsats-iou fs -s- s - , s - - u n-lie
p o s i t i v e— d i s p lacement  pump.  A gE -ge snubber  al one  did ms-ct solve tii i s problem . Accord i r s - - : s - ly ,
n - i s - c gag s- was installed at n-lie top of a 6- in c h  l eng ths -  of air—filled pipe , and a 2-fool
l e r s - g n - t u  of air-filled , 2—inch pipe was install ed at n-is-C pus-s-s-p outlet to dc- - pen p r e ss u r e  pul-
sa t ions .

~pan-k-PIug Fouling

Considerable difficulty has been exp e r it i ns-ced w i n - h  keep ing spark plugs clc.s-n ems-ct-s-gb
to fire on every  i gn i t i on  cycle.  This  p rob lem had not  occurred in more tI s-an 140 i s - n i -
L ions  c a r r i e d  os-i ts- in the  B a t s - t e i l e  15 — f o o t s -  t aLi— , and was s - s - en - a n ti c i p at - s - s - d .  Obse r v a t i o n  of
f i r s - s - — f ig !-s - L i s - s - g  exe rc i ses  showed t is-at when Is-osos are “g o ose- n e c k e d’ , or d i r e c t e d  downward
os-u ts -he oi l s u r f ac e , l a rg e waves was h over th e spa r k p lugs , subuis-ergi rmg t i - e s - i  n s - om e - s - s - t ar i ly
in oil cnd wan-er. W i n - t m  r e p e a t e d  submergence  as -md h e a t i n g , oil retained witis-in n-is-c sp-s-rk
p i n g  hoc~y forms a thick slud ge of carbonized oil as-md water. Eventuall y, n- Is- is slud ge does
not burn off when time spark plug is energized , alths-ough there is a period of ir s-any opera-
tion - is s--s- h en  energizing n-he p lugs for 10 to 20 seconds s--jill burn off slud ge as-- id provide a
good spark. The sludge shorts the  spark  gap by coa t ing  the i n s u l a t o r  for  time cen te r ,
high—volta ge electrode win-Is- a conductive c o a t i n g .  Energ iz ing  the spa rk  p lug re leases
energy  irs-to  the  s is -o r t ing  s lud ge an - a rate of 250 watts , which will often heat it quickly
and dry the insulator sufficient ly to permit proper firing of time spark p lug .

~~~ p lugs of an alternate design were evaluated at Norfolk and Cattelle , but proved
no better. In these , the external tubular body surrounding n-is-c central electrode was re-
moved and replaced by two e l ec t rodes  ex tend it s -g  f rom n-I s -c base to t u e  top of time cen te r  elec-
trode . These plugs were fouled by soot t h a t  deposited os-u the surface of n-Is -c central in-
sula tor during norma l burning, rather than by s lud ge trapped within the tubular body, but
the net result was no better than for n-lie ori g i nal p lug.

In s-mn attem pt to case time spark— p lug problem the a u t onn a t i c  ignition cycle s w s-re umuodi—
fied to energize spark p lugs for 20 seconds before gasoline injection , to burn off fouled
p lugs to the exte nt possible.

A s a t i s f ac t o r y  s o l u t i o n s -  to  the spark- p lug fou l ing  problem h as r iot yet been demonstra-
ted. ic-:o possible approaches are: (1) a retractible sparI- ~ plug that is not exposed to
fouling c ond it ions , and (2) a conves -s-ient water-jet cleaniuLg device ti - in ’ s-n- cat-u he manuall y
he ld  os-s - e r  each p lug  for  a ts-horough c l e a n i n g  each day w i t h  minimum e f fo r t .
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Ignition- System Performance

Time autons-atic ignition system has been used on a routine basis since August 4, 1972.
At  t h i s  date , six weeks later , n-Is -c s y s t e m  is still operating without any p robl en ’s-is s - ’~z c c -p t
that of spark-plug fouling. It is generally liked by the several field chiefs who opcr.s-te
the system cs-nd has presented no problems -s-s timat ti-icy cannot cope with .

Time autons-atic cycles as now set , shown in Figure 22 provide  is-ear l y smokeles s- ;  i g n i t i o n
if pressure to ti-m e s m o k e — s u p p r e s s i o n  water spray system is ms-um s-ua lly controlled to optini~~ s-s-

flame grown-li. The water pressure on ignition of the 15—foot tank sis-ould be abou t  60 p si ,
wh i c im  pe r m i t s  rap id growth of a large oil f i r e .  As the f i r e  grow s , smoke g r a d u a l l y be-
comes denser , am-id snore wa ter pressure is required to suppress it, hiowever , excessive water
flow will arrest flame growth or put out tis-e fire , as--id constant , very careful water-pressure
a d j u s t m e n t  is needed to provide bot Im good flame develop s-s-s-emit and smoke of about ~~n s- 1 Ring le
ns-an, If time water pressure is set for about 80 psi as--id ignored , time flame will gros--:, but
lig ls- t smoke will form and gradually grow heavier as the flame grow s large. }!cs--.’cvcr , th i s
smoke is not comparable  to  n- is -at  produced wi thou t water spray.

Wh en the ignition cycle is-i started with full water pressure of 120 psi , time fire
usually is pushmed into four pockets around the ed ge of t ime tars -k by time w a t e r  spray and
burns the re, but never grows to cover tIs-e entire oil surface. Altimoug h t h e usual t e c h n i que
is used to extinguisis- timese fires the effect is not ti-ic same as n-is -at of a large , hot fire.

On two occasions the  f i r e  was a l lowed to grow fo r  severa l  minu te s  b e f c — r e  i t  was cx—
tinguisimed. A very large fire , without smoke , resulted. However , time fire was so Is-ot ,
and time oil surface so hot , that it could not be extinguished by time usua l teels-nique rising
two hoses: additiona l hoses set up for the engine—room simulator were needed. Ttics -sc in—
c id en t s  demon s t rs-i t e  t lmat  a lmost  any degree  of d i f f i c u l t y  of fire extinction is possible
with smokeless combustion , with the proper burning technique .
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