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powerplant r s s t a l l a t ion  were investigated n t h  the  obJective of providmg 
Maq of the  :,rc-uetector  routings  possible i n  the  podded-type 

maxim fire   detectron  with  the mimm amount of detector  element The 
irwestlgatfons  rncludea a deterrmnatlon of the   d i rec tmn of airflow and 
Internal  flame  paths and an ambient an- tempemture  survey. A prac t i ca l  
routing was establ ished  for  an engine-mounted, unit-+,ype system,  and a 
door-mwurked and an engine-mounted continuous-type  system. 

INTRODUCTION 

This is the  second of a serres  of reports1 OI! frrewol-thlness 
slildfes of the  multrengrne  turb0Jet  transport  desrga  in which the  engines 
a r e   m m t e d   r n  pods on struts underneath  the wPng. The pod-mounted design 
IS a new concept for   separa t lng   the   f r re  zones of the  engine from the  basic 
airframe  structure and the   par t lcu iar  one under test was characterized  by 
having a very low vent l la t lon  ra te .  The Umted  States Afr Force KC-135 
airplane and ~ t s  rommercial counterpart,  the Boefng 797, are sfmflar In de- 
sign and represent  the pod-mounted powerplant installation having a low 
afrfiww through the  nacellele. 

L i t t l e  information was available  for  loeatlng  the  senslsg  elements 
of various systems fo r   de t ec tmg   i n - f l i gh t   f r r e s  fn podded-tgrpe powerplants 
For thls reason,  a t e s t  program was i n s t i t u t ed  at  The CAA Technical Develop- 
ment Center t o  de t emne   t he   d i r ec t lon  of airflow and flame paths  inside  the 
nacelle, t o  evaluate  the  current  fire-detector system i n  the KC-135 afrplane, 
and t o  deterrmoe effective locations of sensing  elements.  Partlsular em- 
phasis was placed on determining  the  charactensties of f i r e s  and the   effect  

plants  as compared w i t h  tuPboJet  Installations  tested  previously 
of a h f l o w  01: detector requirements and performance LC podded-type p o ~ e r -  

A G t u a l  f l r e   t e s t s  were  conducted fpom Jmuaqy through May, 1958. 
The t e s t  prwgram was 3ivided  Into two phases. The flrst phase was a study 

phase comprised a study of the  deteetlnn  requfrements and an invest#lgatlon 
of the  charaeter is t fcs  of flame  paths  lnslde  the  nacelle, and the second 

tu deterrmne the  best   loeat ions  in   the  nacel le   for  several. types nf de?ectoy 
sensmg  elements 

DESXIFTION OF TEST EQUIPMEmT 

12 f ee t  of wing section of the KC-135 airplane mounted  on a supporting 
The t e s t   a r t i c l e   cons i s t ed  of the No. 2 engine, pod, strut, and 

'Allen V. Young, "A Study of I g n ~ t i o n  Hazards  and Fire  Resistauce 
Of the  Boeing 707 Powerplant," CAA Tec.hnfeal  Development Repon Nob 357, 
August 1958, i s  the  first report of the  ser ies  
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the  KC-13i cowllng +o make it conYorm mth the production version of the  
s t m c t u r e   I n  a +es+ ceLL as shown ID Flg. l= Several  chmges were made i n  

Boelng 707, These  changes eonslsted of .  (3.1 addfng an 8-lnch-vPde t i t an f -  
urn s t r l p  alang the  hmge  l ines of the cowlfl;g thus  glvlng a 90" included 

original  louvers  located  just   forward of the  f f rewal l  and near  the  hinge 
angle of f i reproof   mater ia l   wer   the  top of the engine; (23 clasfng the 

l lnes ,  and replaclng them with a single 3 5/8-inch-dimeter  f lush  port   at  a 
point 1.5 inches below the  engine  eenterlme and 6 1/2 inches  forward of the  
firewali on the  right-hand cowl, (3) adding  twelve  1/2-fnch-illmeter  holes 
at  the  low points of the  cowl l a t ch  lme to provide  addftianal f luid drain- 

l a t e  antl-icing alrflcrw conditions; (5) I n s t u n g  an air  sea l  a t  a point. 
age; (4) reworking the  nose cow; t o  alpow the  int3roductfon of afr t o  simu- 

46.8 inches aft of the  firewerll, ( 6 )  adding a 2-ln~h-dfameter  hole fn the  
right-hand cowl at. 2 ~ 3 0  o'clock 3.8 inches aft of the  f i reual l ;  and 
( 7 )  fns t a i l l ng  a flame sea l  at  the  hlnge  jamnts 

s t a r t e r  air supply. To pmvlde dry ppessurlzed air fo r   t he  engine  fuel-air 

fee t   cy l inders   to  2,000 psi, was Installed. ,  These cylinders were connected 
s t a r t e r ,  a three-stage air compressor, s e t   t o   p re s su r i ze  two I lj2-cubfc- 

t h r ' m  a m o i s t w e   f i l t e r   t o   t h e   s t a r t e r   i n l e t  

The t e s t   f a c i l i t y  w a s  revised by the   fns ta l la t ion  of a new 

In sme  of the   t e s t s ,  d r f l o w  con&tlons  prevaflfng i n  the  
BoeIng 707 nacel le   vl th   ant i - ic ing ON were simulated by supp-ng 1,lOO cfm 

more accurately, a synchronous motor-driven,  smgle-cycle, d t l c m  timer 
of air from a variable-mlet   centr i fugal  blower. To dup l i ca t e   t e s t   f i r e s  

was used to schedule,  operate, and cont ro l   the   fns tmenta t fon ,   r&t ion ,  
fue l  flow, and 602 dfscharge 

A ma@etic  tape  recorder was connected le the  aircraft-type 
intercolmrmraicatlons system to record  tes t   condi t ions,   per t inent   tes t  data, 
and vlsual  obsenratlons  noted  during  the  course of a test.  Thls  information 
was stored on the  tape and l a te r   t ranscr ibed   to  a permanent record. An 
Esterline-Angus  operatfon  recorder w a s  used to record  the seqvence  and  dura- 
t l o n  of eaeh  Individual  phase of t he   t e s t s ,  The response t o  a t e s t   f i r e  
of eaeh 1nHvidual  double-wfre,  heat-sensltfve,  unit-type  detector was re- 

usPng 0.03-fnch-dfameter  wfre were connected t o  in&vldua.l Brown self- 
corded on a second  Esterline-Angus  recorder. Chromel-Alumel thermocouples 

balancing  temperature  recorders  to obbtain air tempera-cures f n  the  nacelle 
during t he   t e s t s .  

NACEZLE rmTERNAz J?LA&E S!JTJ'lX 

Purpose 

(1)  obtain normal emblent air temperatures at  varpous  nacelle  locations 

maxFmum ambient alr temperatures at   specific  nacelle  locat+fons  during  test  
under  simulated  operatfon t o  establish  detector  alarm  sett ings;  ( 2 )  obtaln 

f i r e s  t o  a id  in detector  locations, (3)  locate   the flame  paths ln the  nacelle 
when fires o r f a n a t e  at  given  points, and (4) Inves t iga te   banage   pa ths  of 
f luids  released at various  losatlens 111 the  nacelle 

The purpose of the  flame study insfde  the  nacelle was to: 
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Prceedure. 

deterrmne the  possible  source of  fiammable fluid  leakage and ignition,  the 
After an fmvestfga%lo% of the eaglrre  and nacelle  conflguratfon is 

polnts  shorn ~n Fig 2 were chosen as  appropriate  locations where in- f l ign t  
ffl-es  could  originate. An ladfvidually  controlled comblnatlon fuel  discharge 
nozzle and high-voltage lgnftor were placed at  each of these  locations. 
Temperazure readlngs at. each  clock  posltion  for a par t lcuiar   nacel le   s ta t ion 
were obbtahed  s2mltaneously  by  locating 12 +,hennocouples in the  compart- 
ment f r e e  volume Figure 3 shows the  various  nacelle statlons independently 
surveyed  during  the  study 

fuel  flowing a t  0.3 gpm.  The Luxlaargfng f u e l  lmpinged on a baff le   to   break 
up the   fue l  stream i n  the  imedfate   vicxni ty  of the nozzle. Table I shows 
the  engine power condltlons, fuel   re lease  locat ions,  and  thermocouple 
ioeatlcns  used m thfs study. 

Tests were conducted by lgn,lting a IO-second discharge of JP-4 

Each instrument  or component used m conductlng a t e s t   f i r e  was 
operated and controlled  by  the  electric  t imer  according t o  a predetermfned 
schedule  Figure 4 shows the  recarding of the  par t fmlar   schedule   for  tkis 
ser ies  of t e s t   f l r e s  

during  each t e s t  were used t o  determine (1) nacelle ambient a i r  temperature 
during normal operation, (2) highest a i r  temperatul-e during a t e s t   f i r e ,  
and (3) flame  paths. The maximum ambient  temperature r i s e  at  each thermo- 

from the  hlghest  temperature  recorded durlng a t e s t   f l r e .  
couple was obtamed  by  subtracting  the normal operatmg ambient  temperature 

The temperature data recorded by the  Brawn temperature  recorders 

To obtam an alarm se t t i ng  f o r  heat-sensitive  detectors  in  each 
ccmpartment, the  hlghest  normal  operating  mbfent  temperature  recorded  for 

obtained which would reduce the  probabi l i ty  of f a l s e  alarms due t o  higher 
a compartment was increased lWo Thus, a mfnlrmrm alarm  temperature was 

operating ambient temperatures. 

Results 

the  maxfrmum amblent a i r  temperature r i s e  l n  the  nacelle for  each  engine 
power condition shown i n  Table I ,  Flgure 5 shows the  thermal  plot  for the  
m a x i m  ra ted   th rus t  power conditlor. a t   fue l   r e l ease   l oea t ions  Nos 1 and 4 
Simflar  plots  are shorn in  Appendlx A for the  other  engine power conditions 
and fuel  release  locations  used  in  the  study When f u e l  was released and 
l@ited a t   l oca t ions  6, 7, and 8, Flg 2, the  fuel  followed  the  engine  case 
contour and dralned  rapldly t o  the  low point   in   the  nacel le .  The flame 
rapidly  followed  the  dralnlng  fuel and burned i n   t h e  bottom of the  nacelle 

The t e s t s  provided  the  necessary  data t o  make a thermal  plot of 

the  rear  and top on both  sldes of the  engme. The flame  path i n   t h e  com- 
pressor compartment was from zhe pmnt  of or igln toward the j 5/6-1nch- 
dlameter  vent. Very h t t l e  flame  penetrated  the  nacelle  area on the   s ide 
opposlte  the  vent 

In the  compressor compartment, the hear. c i rculat ion was toward 
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Prlor t o  the   i n s t a l i a t l an  of the eft a i r   s e a l  m the  burner 
conpar+aent,  the  heaz  clrculatim and flame  path i n  t h s  cmpartment were 
almosz Ident ical .  Nn var ia tmn from one s ide  of the  engine to   t he   o the r  

data  obtained  during  this study apply to   the  nacel le   canffgurat ion Vgthout 
slde was r-oted in the  upward and Pearward path  in   the compartment. The 

the  aft air sea l  

f luid  drainage  indicated  that ,   regardless of the  locat ion of fuel  release,  
A study of the  thermal  plots,  heat  cxreulatxon,  flame  paths, and 

the flame soon reached the bottom of the  nacelle and the  hghest tempera- 
t u r e   r l s e  was ccncentsated i n  a volume extending from the 6 o'clock  posi- 
t l o n  t o  the  3 and 9 o'c~ock positxans. The lnftial placement of detectors 
in  the  nacelle  vas  based on t h i s  review  and  exammation of data  obtamed 
during  these  tests 

indicated  that   heat-sensit ive  detector systems I n  the  compressor compart- 
ment should have aa alarrn se t t lng  above 509" F. and the same type  detector 
system ins ta l led  i n  the  baw,er  section  should be s e t   t o  alarm above 600" F. 

Temperature data   for  nosma1 engfne  operation shown In  Table II 

Purpose 
The purpose of the  fire-detector  route  study was to:  (1) obtain 

data which would be helpful in  the  effect ive placement of sensing  elements 
or units of various  type  detection systems fn  a podded-type turboJet 
powerplant fnstal la t ion,  (2) estab3fwh  effectxve  routhgs and locations 
for  detector  elements  in  nacelle  designs simlar t o  those of the  KC-135 
and Boelng 797 airplanes, and (3) evaluate  rhe performance of detector 
systems  using  these  locations or  routings 

Procedure 
For th i s  phase of testfng,  the  detection equipment and systems 

of Aviation  Products  Division,  Fenwd  Incorporated, Ashland, Mass., were 
used,  consisting of required  lengths and temperatme  settings of the  

unit and the  necessary  quantlty Qf 17343-16, i733-77, and 17343-76 
35500 s e n e 8  eontmnuous-type sensmg  element, and a Model 35000-X control 

unit-type  detectors. 

I n  p repa ra t ion   fo r   f l r e   t e s t lng  t o  evaluate  detector  locations 
in  the  nacelle,  the  following  determinations were made- (1) location  of 

burning  time f o r  t h e   t e s t   f i r e  t o  be  used, ( 3 %  initial detector system 
fue l   re lease   po in ts   fn   the   nace l le ,  (2) amount of fuel  discharge and 

locations, and ( 4 %  standardization of a scheaule  and  sequence of events 
fo r  a l l   t e s t   f i r e s  

Based on the   r e su l t s  of the  flame  study,  the  four  fuel  release 
locatlens shown i n  Flg 6 were chosen a6 being  representative of the  
general  areas where f i r e s  could  be  i-ited  during flight. A t  eeLeh of these 
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ioca t lons ,   cmbrnat loc   rp tor -nozz le  tx;ts were ins ta l led .  These units had 

provide a 0.3-gpm flow of XP-4 fuel .  
maindual   cont ro ls  f o r  the  f a t t o r  an3  frrel  nozzle. The nozzle was s e t  to 

magnitudes became apparent, T h 6  r e s u l t e d   i n   e s t a b h s h l w  a s tandard  tes t  
f l r e   w i th  a fuel   re lease flme of 10 seconds and a burning  time Of 18 t0 22 
seconds.  Test f i r e   des lwa t loo   (y ) ,  as shown i n  Table 111, used  only a t  the 
EoBo. 4 locatlon, had a fuel  release  tlme of 5 seconds and a burnlng  tlme of 

r a t e  at  which JP-4 fuel  could be burned successful ly   in  the rather  l imited 
18 to 22 seconds. Selectlon of t h e   t e s t  f l r e  magutude was based on (1) the 

oxygen supply available i n  the  nacelle,  (2 )  the   s lze  wMch would produce 
l i t t l e  damage t o  t h e   t e s t   a r t l c l e ,  and ( 3 )  the   in tens i ty   suf f ic ien t  t o  pro- 
duce temperatures above the  a larm  setung of the  heat-sensit ive  detector t0 
be  tested  Bumlng Clme was controlled  by  afscharging C02 in   t he   nace l l e  
a f t e r  the prescr lbed  f l re   t ime had elapsed. 

As the  testing  progressed,  the need f o r   t e s t   f i r e s  of several  

10, inclusrve, were based on the  resui-cs of the   nace l le   in te rna l  flame study 
In i t l a i   de t ec to r  routlngs and locations, as shown in  Flgs .  7 t o  

and observed fLame paths or  QG Industry recommendations. As t e s t i n g  pro- 
gressed,  the  routmgs and iocations were  changed i n  an attempt t o  obtain a 
higher  percentage of detection  or improve the  detector  system  performance. 

Throughout the   t es tmg,   the  sequence of events as scheduled by 
the   e lectr ic   t imer  was identical .   Flgure ll shows a record of this sequence 
and of detector  response fn one t e s t  It also shows the  duration of events 

After  selecting one of the   fve l   re lease   po in ts  shovn In  Fig.  6 and stabi- 
dunng a s tandard  tes t  f l r e  and t he i r   r e l a t ion  to a common star t ing  point  

Uzlng  the  engme a t  one of the power condft ions  l is ted  in   Table  111, the  

of fuel   re lease was recorded on a Brown temperature  recorder.  Detector 
sequence timer was energlzed. Durlng the  cycle,  temperature in   t he   v i c in i ty  

system  response and reset  times, t o t a l  burning  time,  length of f u e l  dis- 
charge,  and  individual  thermal unit detector  alarms were recorded 
automatically on gperatlon  recorders 

Results 

routed as shown i n   F l g  7 ,  the  percentage of detectlon f o r  the  system was 
65. The  same type  detector  routed as shown in  Fig-  8 f a i l e d   t o   d e t e c t  

For this system the  over-all  percentage  detectlon was 50. I n i t i a l   l o c a t l o n s  
standard-magnitude t e s t   f l r e s  at  t h e   i d l e  and s h u l a t e d  taxi parer  seztings.  

of t h e  double-wire,  unlt-type,  heat-sensitive  detector were completely In- 

detection  for  each of the  deteetor systems 
effective.  These routes and locations were  changed t o  Improve the  percentage 

When the  heat-secsltfve, cord.inuous-element-type detector was 

Table E! shows the  test.  conditions and results obtained when the 
f i n d  route or locations were evaluated-  Figures  12  to 14, lncluslve, show 
these  routes and loeatlona  FIgJre  12 shows the f i n a l  routlng of t h e  
engine-mounted, heat-sensit ive,   eontlnuous-ele~ut-type  detector system 
which  gave 96 per  cent  detection.  Several  mtermeafate  locations were 
evaluated and are  shown In  Appendfx B. 



A heat-sensitive, con~lril.o~s-elemE,~~,--,ype detector  system mounted 
on the  d3ors as shown En Fig 13 det*ected 93 per  cent of the 150 t e s t   f i r e s .  
Thfs f m a l  routfng was similar t o  t h e   i n i t l a l  routing. Other routlngs were 

route was the  primary  test  obJective, the  locgitudinal  portions of the  door- 
evaluated but were much less   e f fec t ive  Since  effectiveness of locat ion or 

mounted system were not  placed i n   t h e  same horizontal  plane as the  longltu- 
dinal  portions of the  englne-mounted Eystem. When comparing the  response 
and reset   t lmes f o r  the  two contmnuous-eiement systems, the   d i f fe rences   in  
mounting should  be  recognized The i n i t i a l  FenwaS double-wire unit system 
was altered  conslderably by relocat ing  several   uni ts .  The f ina l   loca t ions  
and posit ions shown i n  Fig. 14 provlded  the most effective  detection  This 

t e s t   f i r e s  of standard magnitude were used. Performance  of the  i u t i a l  in- 
system had a lower percentage of detecrfon than  the  continuous system when 

s t a l l a t ion  was extremely  poor. %e final locations  detected 134 of the  141  
s t anda rd   t e s t   f i r e s  conducred i n   t h e  cumpressor compartment. Performance 
in the  burner compartment wt th   the   a f t  air seal   instal led  could  not   be im- 
proved due to the  nature Qf the firefi  in  the  almost-zero airflow. The am- 
bient  air temperatures  rarely  reached  the  alarm  setting of these  detectors 
when t e s t   f i r e s  of standard magnitude  were  conducted at  the  No 4 location. 

detectors shown i n  Fig. 12 are those of the  KG135 a i r p l a n e   P n o r   t o   t h e  
a f t   a i r - sea l   i n s t a l l a t ion ,   t he  system effectiveness was as follows0 com- 
pressor compartment, 31.6 per  cent;  bnrner compartment, 23 per  cent, and 
complete  system,  30.4 per  cent No units of t h i s  system  were relocated 
during  the  testing. This system and the  double-vfre system are  similar in  

units  placed at the same loeatlons and posit logs as the double-wire unlts 
operating  prmciple and differ  only In the  circuitry  used.  Single-wire 

would produce  equally  effective  detection. When the  aft alr seal was in- 

the  newly formed compartment After   the  seal   ins tal la t ion,  no data were 
stalled,   the  single-wfre  unlts  located i n  the  burner  sectlon were outside 

collected on the  effectiveness of the  single-wire system i n   t h e  No. 4 f u e l  
release  area.  However, all data obtalsed from the  investigation of the 
double-wire,  unit-type  system e m  be  applied to  the  single-wire system. 

The locations of the Fenwal slngle-wlre,  heat-sensltive,  unit-type 

obtained when t h e   f f n d   l o c a t i m s  or  routes of the  detector  systems were 

magnitude was used f o r  this evaiuatlon. These data  indicate  the  perfom- 
evaluated  before  the af t  air-seal  1nstalla9,foa.  A t e s t   f i r e  of standard 

a c e  that can  be  expected when the  lacazlons  or  routes shown i n  Figs. 12 
t o  14, inclusive,   are  used  in  the KC-135 burner  section  coMiguration. 

As indicated 1n Tabhe IV, t es t   loeas lon  No. 4 shows the   r e su l t s  

The response  time of a l i  heat-secsftive  detectors  installed i n  
the  nacelle was longer  than f o r  siml-iar systems tes ted  i n  other  turbojet  
nacelle  desigas or  i n s t a l l a t ions  Ir, low alrflow  nacelles,   the  l imited 
supply  of oxygen available t o  support combustlon a f f ec t s   f i r e   i n t ens i ty .  
Whlle t h i s  low eurflow  exists,  the  rate of l ne rease   i n   f i r e   i n t ens i ty  and 
ambient temperatme  rlse due t o  a f i r e  IS retarded. The msrxiuium temperature 
of the  flre i s  lower  than  under ideal   fuel-air   ra t io   condi t ions.  
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Installatloti   cf   the aft air seal  during  the  detectlon  study 
affected  the  resulzs and necessitated a change i n   t h e   t e s t l n g   a t   t h e  No. 
fuel  release  locatLon. Mast directly  affected were the  flame paths, 
burning  characteristlcs, and in tens i ty  of t e s t   f i r e s  conducted at  tha t  lo- 
cation, whlch In  tu rn  affected  the  detector system effectiveness i n  the 
compartment 

Because of the  very  lmuted oxygen supply  available  in  the 
a l te red  compartment, t e s t   f l r e s  of the standard magmtude  tended t o  become 

t e s t  f ire was used in   t h l s   l oca t ion   fo r   t he  remainder of the   t es t s .   Resul t s  
overrich. To reduce the  effects  of this conht ion,  a shorter   fuel   hscharge 

obtetlned when us ing   tes t   f l res   wi th  a shorter   fuel   re lease  t ime  in   the 
al tered compartment a re  shown In  Table I V ,  location 4 (y) .  

Wlth the  air seal  installed,   available  mformation  indicated  that  
the compartment ambient temperature would rise.   This  necessitated  raislng 

mined in   the  flame  study. The continuous  system i n  tbis compartment was 
the  alarm set t ing  for   the  heat-sensi t ive  detectors  above the   se t tmg  de te r -  

on production 707 airplanes were s e t  f o r  an alarm temperature of 900" F. 
se t  to alarm a t  765" F. The double-nre m t s  ins t a l l ed  i n  tbis COmpaxtment 

sensi t ive unit both   u t i l i ze   the  same theory of operation,  but due t o  Its 
circuitry, the double-wire  system  cannot  give f a l s e  alarms when the   c l rcu i t  
is grounded In   t he  KC-135 powerplant ins ta l la t ion ,   the  double-wire, heat- 

nacelle configuration, the m f t  detector  locations and alarm se t t ings  shown 
sensitive,  unit-type  detector system  should  be more re l iab le  For this 

i n  Fig 15  are recommended. 

The double-wire, heat-sensit ive  unit  and the  single-mre,  heat- 

the  tested  unit-type systems  havlng a 900" F. alarm  setting i n   t h e  burner 
I n  a nacelle  configuration which incorporates  the aft air seal,  

section may never  be  effective. A 9 0 "  F alann  set t ing  to   avoid  fa lse  
alarm from normal ab ien t   t empera twe may be  too  hlgh t o  de tec t   f i r e s  from 
external  f luid  leaks because of the  nature of f l r e s  in this   sect ion.  The 
low supply of air t o  the  area limits the  s ize  of the  fire t o  a very low 
intensi ty  However, t h s  i s  noc t rue   fo r   f l r e s   r e su l t i ng  from burner  can 
b m - t h r a g h 0  

detection of the  heat-senslt lve continuous-element  system In t h e   l a t e s t  
nacelle  Configuration,  the  percentage  detection was reduced  notlceably 
when compared t o  the systems  performance In the  nacelle  configuration  with- 
out the air seal .  Results obtained  before  the  seal was ins ta l led  showed 
the  continuous  heat-sensitive system detection  decreased  almost 40 per  cent 
at  the No. 4 fue l   re lease   loca t lon   a f te r   the  a1r sea l  was i n s t a l l ed   In  
t h i s  compartment t h e   f i r e   m t e n s i t y  and  temperature were low  due t o  the  
nearly  stagnant  conhtion. To detect   these  f ires,   other  heat-sensit ive 
detector alarm set t ings were studled- The alarm  setting f o r  the door- 
mounted route was lowered t o  a se t t lng  of 575" F. No overheat  false  alarms 

tec t ion  of the  system in  the  burner  section  increased  to 90, as shown i n  
occurred at  any of the  power conditlons  used  in  the  testlng.  Percentage de- 

t e s t   l oca t ion  4 (y) of Table IT= 

Further  investigations were made t o  improve the  percentage 
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detector   in   the  burner   sect lon  to   detect   burner  can burn-through  precludes 
a recommendation of a routlng t o  detect  t b s  type of f i r e  The routings 
and locations shown in  Figs .  12 and 14 should be  supplemented t o  provide 
the  additional  detector coverage i f  detection of such f i r e s  i s  desired. 
This  posslbly  could  be  accompllshed  by  adding a detector  loop  around  the 
aft portion of the  outer  front  case of the combustlon chamber. 

The many equally  effective  locatlons of the  continuous-type 

compartment was excluded  from the  study  to  avoid  intolerable 6 t r d C t U r a l  
dmage However, placement of detector  elements  or  units  in  the stmt 
compartment i s  desirable and  depends primarily on available mounting points 
adjacent  to  the f lu ld  or e lec t r i ca l   l i nes .  The routes and locat ions recom- 
mended are  shorn  for  the  engme compartment only. Due to   the   s tagnant  air 
condltions i n   t h e  compartmented s t rut ,   locat ion  or   rout ing of heat-sensitive 
detectors is not   considered  to   be  cr i t ical .  

OBSERVATIONS 

An investigation of detector system loca t ion   for   the  strut 

Daring testing,  the  folloufng  obsenratlons were made 

1. In i t i a l  heat   c i rculat ion  in   the  nacel le  is upward and  around the  
engine  case  rather  than outward  toward the  doors 

2. Flames tend t o  follow  the  engine  profile  rather than the  doors 
I n  small-magnitude fires the  flames do not  spread  outward. 

3 -  Fluid  released i n  the  upper  portion of the  nacelle  drained 
rapidly around the  engine  case  and  carried  the  f ire  to  the lower nacelle 
area.  

engine  without  using  insulated  wlre or  f l ex lb l e   l eads   i n   t he   f i r e  zone. 

5 The engine-mounted, continuous-element  system  does n o t   r e q u r e  

4. The continuous-element  detector  systems  can  be mounted on the 

quick-disconnect-type components whch can  be a source  of  detector 
malfunction. 

6. Poss ib i l i t i e s  of door-mounted detector element  being  recessed 
and sheltered  behind door ribs are  avoided  by  the engine-mounted  system. 

7. The longer  response tlme of the  uni t   detectors   tes ted can  be 
a t t r i bu ted   t o   t he   r e t a rded   r a t e  of i nc rease   i n   f l r e   i n t ens i ty  and 
t q e r a t u r e   r i s e  due t o  a f l r e  when a low airflow exists i n  a nacelle.  

8, When the  uni t - type  detectors   fa i led  to   detect  a t e s t   f i r e  at t h e  
No. 4 location,  the ambient air temperature  recorded  during a f i r e   d i d   n o t  
exceed the 900" F. alarm se t t ing .  
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COXWSIONS 

concluded  that: 
Based  on  the  results and data  obtained  durlng  the  tests,  it i s  

Figs. 12, 13, and 14 are  recommended  as  practical,  effective  detector 
systems  for  the  KC-135 - Boemg 707 nacelle. 

1 Heat-sensitive-type  detectors  routed  or  located  as  shown  in 

element  detector  routed  as  shown  in  Fig. 13 was  the  most  effective  door- 
mounted  route  tested. 

2 In  the  KC-135 - Boelng 707 nacelle,  the  heat-sensitive,  continuous- 

detector  system  had a slightly hgher percentage  of  detection  than  did 
the  door-mounted  system. 

3 The  engine-mounted,  heat-sensitive,  continuous-element-type 

4. The  continuous-heat-sensitive  detector  routed  a8  shown in Fig. 12 
was  the most effective  routing  tested  in  the  KC-135 - Boeing 707 nacelle. 

5.  Rapid  fllud  drainage  carried  the  flames  to  the  lover  portion of the 
nacelle  and  made  the  generally  longitudinal  routing  of  the  continuous-type 
detector  in  the  lower  portions of the  nacelle  effective  regardless  of  the 
source of fire. 

sensitive-type  detectors  tested  had a long  response  time  when  compared  to 
the  response  times of the  same  type  detectors  tested  previously  in  higher 
airflow  nacelles 

6 Due  to  the  fire  characteristlcs  in a low amflow nacelle,  the  heat- 

7. The  unit-type  detector mth an alarm  setting  of 900' F. was not 
effective  when  exposed  to small, low-intensity  flres. 

did  not  cause  the  ambient  temperature  to  rise  above  the 900' F. alarm set- 
8 With  the  aft  air  seal  installed,  test  flres  at  the No. 4 location 

ting "h is  alarm  setting is considered  necessary  to  avoid  false alarms 
caused  by a higher  normal  operatlng  ambient  temperature  in  the  burner 
compartment 

9 -  The  highest normal ambient  temperature  for  the  comparkment  exists 
near  the  engine  case. As heat-sensitive  detector units or  elements  are 
placed  nearer  the enane, the  alarm  setting mst be raised  to a higher 
temperature  to  avoid  false  alarms. 

detected,  the  longer  detection  tlme requned by  the  heat-sensitive  detectors 
is  not  critlcal i n  low  airflow  nacelles  since  structural  damage  would  not 
occur  rapidly  except  with  larger  fires 

10. When  powerplant  flres  of  the  magnitude  used  in  the  tests  are  to  be 
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TABLE I 

TEST  CONDITIONS AND POINTS  OF  
AMBIENT  TEMPERATURE  MEASUREMENTS  DURING  FLAME  PATH 

SURVEY IN NACELLE  WITH  MODIFIED  DOORS 

Englne   Power   and   Tunnel   Speed   Se t t lngs   Fue l   Release   Loca t lons   Thermocouple  
Locat lons 

No  Clock Nacel le  Clock Nacel le  
P o s l t l o n  Stat lon P o s l t l o n  Stat lon 

*I, 11, 111, IV 

2 6 148 1 105,  121, 
through  137,  153, 

12  169 
3 6 165 1 105.  121. 

through  137,  153; 
1 2  169 

4  6 181 1 
through 

191, 211 

1 2  

5  6 206 1 191,  211 
through 

12 

6  2 120 1 137 
through 

12 

7 2 30 125 1 
through 

137 

12 

8 12 130 2 ,  4, 126,  130,134 
8, 10 124, 1 3 a , 1 3 ~  

4 I Englne  Power  Set t lng - Idle ,   Tunnel   Speed - 0 m p h  
11 Engxne  Power  Sett lng - 90 P e r   C e n t  Normal R a t e d   T h r u s t ,  

111 Englne  Power  Set t lng - Maxlrnum  Rated   Thrus t ,  

IV Englne  Power  Set t lng - M a l m -  R a t e d   T h r u s t   w l t h  Anti-Iclng 

Tunnel   Speed - 165 mph 

Tunnel   Speed - 165 m p h  

A~r f low,   Tunne l   Speed  - 165  rnph 
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TABLE I1 

AVERAGE  NORMAL  OPERATING  AMBIENT 
AIR TEMPERATURE  WITHlN  THE  NACELLE 

Outstde Atr Temperature 45 
Nacelle Statmn 105  121  153  169 

39 
137 
20 34 34 

191 
8 

Thermocouple 
Clock Posttmn  Engme Power - Idle. Tunnel Speed - 0 

1 
2 
3 
4 
5 

7 
6 

9 
a 
10 
I 2  I 1  

95 
70 
80 

135 
75 

135 
e5 

115 
160 
100 
155 

100 
95 
100 
75 
75 

75 
e5 

135 
155 

175 
85 
75 

140 
120 
90 
75 
70 
100 

200 
105 

135 
215 
125 
75 

180 
195 
155 
170 
85 
75 
105 
160 
155 
225 
155 
235 

185 

135 
195 

110 
160 

110 
110 

140 
150 

190 

210 
165 

105 
110 
125 

105 
145 

120 
110 

110 

250 
90 

110 
160 

Englne Power - 90 Per  Cent  Normal Rated  Thrust Tunnel Speed - 165 MPH 

2 
1 

3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

120  165  190 
120 150  165 

265 
255 

275  195 
265  365 

105  150  135  225  295  390 
100 105  205  305  395 

145 
75  80 

165 
95 

100  145 
165  235  265 

215 
90 

305 
140 

145 
130  115  140 

190  195 
290 

120  140  165 
210  190 
3 2 0  

320 

155  175 
240 310 

245  325  306 
110 

590 

155 
75  160 
75 190 

2bO 240 
306  220  435 

230 

Engme Power -Maxlrnum Rated  Thrust,  Tunnel Speed - 165 MPH 
1 
2 
3 
4 
5 

10 
11 
12 

Engme Power  

7 
8 
9 
10 
11 
12 

140  210  205  300 
135  I95 

360 
195 

115  160 
315  325 

110 
145 
130 

2 80  345 

75  70 
290 

115 
340 

165 
210 

105 
320 

175 
95 150  165  195 

175 
145 

275 

140  205 
115  160 

240 
185 

315  285 

155  200  270 
345  330 

115  100 
350  335 

165  95 
165  285 310 
235  345  265 

- Maxlrnum Rated  Thrust wulth Antl-Icing. Tunnel Speed 

75 
75  145  205  295  355 

155 
55 

145 
70 

305 315 
115  255  335 

70 
75 

90 
60 

285  360 
75  205  365 

155 eo 135  165 
105  105 

zeo 
95 

145 
175 

145 
230 

240 
260  230 

80 165  165  360 
125 

295 
165  365 

70 125  185  305 
295 345 

105 140  240  375 
315 
3 5 5  

420 
230 

460 
430 
315 
3 e5 

365 
360 

375 

425 
650 

475 

165MPH 

245 
440 
475 
555 
395 
390 
370 
380 
370 
650 
300 
495 

211 
13 

210 
120 

175 

175 
1 80 

210 
230 

205 
210 

290 
Z O O  
205 

280 
195 

370 
300 
340 
370 
340 
360 
405 
310 
1 80 
165 

240 
345 
435 
365 
390 
455 
430 
460 
455 
345 
265 
190 

280 
385 
480 

470 
435 

475 
490 

460 
500 
355 
300 
225 

Note All  temperatures are In degrees  F 
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TABLE 111 

THEDETECTORROUTEEVALUATION 
TEST CONDITIONS USED DURING 

LocatLon* 
No  Nacelle  Clock TP-4 Fuel Re lease  

Statxon  Posltlon 
Burmng 

Rate   T lme  Tlme 

T e s t   F n e  Condltions  Englne  Power  Settmgs 
and  Tunnel  Speeds 

(gpm) ) (set ) 

1 148 6 
2 130 12 
3 117 8 

4 181 6 

0 3  10 18-22 

4(Y) 181 6 0 3  5 18-22 

**I, 11, 111. IV 

I. 11,  111. IV 

4; Refer   to   Flg 6 of th l s   repor t  

** I - Englne power sett lng - Idle.  tunnel  speed, 0 mph 

111 - Englne power sett lng - 90 per   cen t  no rma l  ra ted   th rus t ,   tunnel   speed ,  165 m p h  
I1 - Englne power setting - tdle.  tunnel speed,  25 mph 

I V  - Engme power sett tng - 90 per   cen t  no rma l  ra ted   th rus t   wl th   nace l le  
antl-lcmg  alrflow.  tunnel  speed, 165 mph 
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TABLE IV 

CONFlGURATlON OF CONllNUOUS-  AND  UNIT-TYPE  DETECTORS 
TEST CONDITIONS AND RESULTS OBTAlNED USING FINAL 

Engine 

T e s t   T u n n e l  
and Cantlnuous-Type Double-Wire 

Door-Mounted 
L a c a i l o n  Settings* Exposures Alarms  Average  T m e ( ~ e ~  ) Exposures A l a r m s  Average T u n e ( s e c  ) Exposures Alarms Average TLme(Sec ) 

Engme-Mounted  Umt-Type 

R e s p o n s e   R e s e t  Response R e s e t  Response R e s e t  

To ta l s  

Percentage of De tec tmn  
1 
11 
I l l  
IV 

T o t a l s  

2 

Percentage of Dctect lon 

3 
I 
I1 

TY 
I l l  

To ta l s  
.. 

Percentage 01 netect ton 
1 

P e r c e n t a g e  of De tec tmn  
To ta l s  

Percentage of Detection 

12  
14  
9 
9 

44 

9 
10  

8 
7 

34 

9 
9 

'I 
8 

33 

11 
10  

10 

39 n 

4 
3 
4 
2 

13 

1 2  1s s 1 1  1 18 18 21 9 13 3  16 ~~ 

13 
9 9 2  21 3 
9 9 3  

13  13 
24  7 10 10 

20  9  13 
9 8  21 9 10  

~~ ~ 

i5 3 13 5 I 8  17 19  3 13  2 17 
8 9  

43 59  58  56 

97 7 98 4 9 0  2 
2  12 8 5 8  14  
9 15 6 

14  
10 7  15 

14  0 1 6  
15 

12 
12  6 3 5  12 

8 LO 1  17 6 12  12  11 4 
7 8 8  

13 8 
26 5 9 

10 
9 

50 
9 

43 26 50 

76  4 
9 1, 7 1h h I 5  15 18  4  7 6  12 

100 97  7  
.. . 

9 
.. . 

8 
11 6 
10  3 

14  7  
15  1  12 12 

7 
16 1 13 5 

10 R 1 s  5 0 8 13 6 12 8 8 
10  

.. 
15 15  i 9  7 7 3  12 

33 
.~ . ~~ ~ 

50  50 42  

100 100  05 8 
10 17 2 6 6  10 8 18 2 3 1  LO 
10 13 7 7 6  11 9 18 3 4 3  I 1  
10  10 3 13 0 10 

8 11 0 
7 

23  9 
19  4 2 2  

8 
10 

7  16 5 9 1  8 

97 4 

38 39 31 39 

79  5 5 1  

1 23 0 1 0  8 5 17 5 2 2  
I 15 0 

6 

4 11  6 
I O  9 

13  6  8 
9 14  6  5 6  

IO n 
5 

I 1  0 6 8 
2 13 D 14 0 
8 

4 
22  21 

61 5 
25 

88 0 3 3  3 

-1 - Englne power bettlng - Idle tunnel speed  - 0 m p h  
11 - Englne   power   se t t lng  - Idle  tunnel  >peed - 25 mph 

I l l  - EngLne power  seti lng - Y O  per cent normal r a t ed  thrust, t v ~ n e l  speed  - 165   mph  
I V  - Englne power eettmg - 90  per cent n o r m a l   r a t e d  thrust w t h  nacelle antl-lcmg alrflow. tunnel speed  - 165 mph 

i.* D a t a  taken prior to aft a t r - sea l   l n s t a l l a tmn  

16 
16  
13 
I O  
55 

I 2  
12 
9 

4 2  
9 

I 2  
11 
7 
6 

36 

0 
0 
0 
2 
2 

0 
0 
4 
3 
7 

17 2 
11 9 18 0 

6 9  
6 2  21 5 

I 1   5  9 3  

1 2  4 3 2  
I O  2 
16 I 

4 3  
2 3  

10  7  5 7  

1 1  8 16 I 
13 7 
16  5 

13 1 
5 3  

12  2  6 8  

- 
. 

22 5 0 5  

14  1  6 7  
10  8 2 5  



APPENDIX A 

Durlng the  course of the test  program, considerable data not 
d i rec t ly   re la ted  t o  the  program objectlve were eas i ly  and readily  obtained 
These data have been complled and are  presented  for  informational  purposes 
only. 

The 12 thermal  plots shown In Plgs 16 through 27 are  a complete 
graphical  presentation of t h e  effect  of t h e   t e s t   f i r e s  on the  ambient tem- 
peratures  wlthin  the  nacelle durlng t he   i n t e rna l  flame  study. The locations 

visualized by ro l lmg   t he   f i gu re  t o  form a cylinder on the  outer surface. 
of fue l   re lease  and temperature measurements shown in the  ffgures may be 
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APPENDIX B 

The  door-  and  engine-mounted,  heat-sensitive,  continuous-element- 

process  of  evolution Durlng the development of these routings, a series 
type  detector  routings, shown in Figs 12 and 13, were established by a 

of  changes or relocations  were  made ~n the  lnitialroutings.  Each  detector 
eonfiguratlon  was  evaluated m the same manner  as  described in this  report. 
After obtaining data inacating that  the  percentage of detectlon  was  low, 
a new  routing  was  used 

During  the  heat-sensitive,  continuous-element-type  detector  route 
evolution, three individual detector  systems  were  used  Each  of  the 
following  organizations  provided a complete  detector  system: 

1 Aviation  Produets  Dlvision,  Fenwal  Incorporated,  Ashland, Mass. 

2. Thomas A. Edison Industries, Instrument  Division,  West  Orange, N. J. 

3. Walter  Kidde & Company,  Incorporated,  Belleville, N. J 

Each  detector  system  was  monitored  independently  and  performance 
data  obtained  with  the  element  routed  in a particular  intermediate  route 
used  during  the  study  Response  and  reset  times  obtained  with  each  system 
routed  as  shown  are  presented  with  the  assoclated  route  evaluation  results. 
The percentage-detection  results  shown  represent  the  effectiveness of the 
specifie  route and detector  system. 

Figure 28 shows one  of  the  intermediate  routings of the  door- 
mounted,  contmnuous-element-type  detector  systems  evaluated  in  the  detector 

were  conducted  at  the Nos 1, 2, and 4 fuel  release  locations  and  lower 
route  study  This  routing  had a low  percentage  of  detectlon  when  fires 

engine  power  settings  Table V shows  the  results  obtained  using  the  routing 
and  standard-mawitude  test  fires. 

sensitive,  continuous-element  system, usmg Series 704 and 706 sensing ele- 
ments  and  Model No 871115 control  unit,  had  responae  and  reset  times  as 

when  small-magnitude  fires  are  to  be  detected  Changes  in  system  sensltivity 
shown  in  the  table  The d a m  tfmes  are  typical  for  the  low  airflow  nacelle 

were  made  at  the  control  unit to determine  whether  the  percentage of detec- 
tion  could  be  increased.  After  several  changes  produced  no  noticeable 
improvement  in  detection,  the  routing  was  changed. 

When  routed  in  the  configuration  of  Fig 28, a Kidde  heat- 

Figure 29 shows  an  intermediate  engine-mounted  route  of  the  heat- 
sensitive,  continuous-element-type  detector.  For  this  configuration, a 
575" F. Fenwal  element  was  lnstalledbetween  the  engine  case  and  the  acces- 
sories in the fomrd compartment and a 765" F. Fenwal  continuous-type  ele- 
ment  was  installed  in  the  burner  compartment  These  elements  were  connected 
to a Model  35000-X  control  unit.  The  effectiveness  of  the  routing  when 
exposed  to  standard  test  fires 1 s  shown in Table VI along n t h  response  and 



17 

r e se t  zfmex f o r  t h e  Fenwal system. The da ta   for   the  Noo 4 fuel   re lease 
Location were obtained  prior ta t h e   a f t   a i r - s e a l   i n s t a l l a t i o n .  

Kesponse time 1 6  nearly  the same as for*other  contlnums-element- 
type  heat-sensitive  systems. T k s  Fenwal system  contalned no adjustable 
components The alarm signal occurs when the  cr i t ical   temperature  of the 
inorganfc salt f i l l e r   i n   t h e  element 1 s  reached or exceeded.  These  response 
tfmes were typ ica l  i n  the low airflow  coudltion whlch ex ls ted   in   the   nace l le .  

eould  be unproved sYl&tly  by  lnstall ing a lower  alarm se t t i ng  element 

The e f f ec t s  of t h l s  change were not  investigated  since  the  evaluation of the  
( 3 5 "  F. 1 i n   t h e  forward  portlo6 of the   rou te   in   the  compressor compartment 

route was discontlnued The b f f l e u l t i e s  I n  mstalllng,  maintaining, or 
replacing  elements  routed 1n thls manner far mtveigh  the  advantages 

The percentage of de t ec t lon   a t   t he  No 1 f ie1   re lease   loca t lon  

continuous-type  sensing  element  md a control   uni t ,  P/N 227-28-2, was in- 
An interme&ate englne-mounted route  usmg an Edison 54G 

un i t  t o  obtaln an alarm temperature of 570" F. 
s t a l l ed  as shown in   F ig  30e A I r O - ~ h m  r e s i s t o r  was Ins ta l led  at  the  control 

that   used by the Kfdde system  Both depend on a decrease i n  element r e s i s t -  
ance when the  sensing  element 1 s  subjected  to  a temperature  rise  This  par- 
t f cu la r  Edlson system b d  not  incorporate a rate-of-rlse  feature.  Table VI1 
gives  the conditions used I n  the t e s t s  m d  the  performance obtained  with  the 
Ebson contmuous-type  element  routed as shorn l n  the  f igure.  Response times 
of th is  detector were typ lca l  f o r  heat-senslt lve  detector  elements  installed 
in   nace l l e s  whlch have (1% a low airflow, (2) a low f i r e   i n t ens i ty ,  and ( 3 )  a 
slow r a t e  of r i s e   i n  ambient  temperature due t o  a f i r e .  

The basic   pr inclple  of operat ion  for   this  system i s  similar t o  

The low percentage of detection of t e s t   f l r e s  at  the  Nos. 1 and 2 
locations  indicated  the routlng was not, sat lsfaetory.  The evaluation was 
discontfnued and the  detector element located i n  another  configuration. 
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T A B L E  VI 

O F  FENWAL  CONTINUOUS-TYPE  DETECTOR  MOUNTED  ON  THE  ENGINE 
TEST  CONDITIONS  AND  PERFORMANCE O F  INTEWIEDIATE  ROUTING 

Loca t ion   Eng lne   and   Tunne l  Setting" 
T e s t   C o n d l t l o n s  

I 
I1 
I11 

T o t a l s  

P e r c e n t a g e  of De tec t lon  

2 
I 
I1 
111 

T o t a l s  

P e r c e n t a g e  of De tec t lon  

3 
I 

Ill 
I1 

T o t a l s  

P e r c e n t a g e  of De tec t lon  

4 
1 
I1 
111 

T o t a l s  

P e r c e n t a g e  of De tec t ion  

P e r f o r m a n c e  
E x p o s u r e s   A l a r m s   A v e r a g e   T l m r   ( s e c  ) 

R e s p o n s e   R e s e t  

11 
1 0  

7 

2 7  

8 

7 
8 

2 3  

7 
7 
7 

21 

9 
8 
8 

25 

10 
8 

13 3 
10 9 16 3 

13 8 

1 15 0 - 3  5 

19 

75.0 

8 1 1  7 9 6  
8 
7 

2 3  

100 

7 
7 
7 

2 1  

100 

7 
7 
8 

2 2  

8 8  0 

10 3 1 4  6 
10 1 16 0 

14 7 
13 9 
10 0 

16  6 
14 8 
10  9 

*Engine and  Tunnel   Se t t lng  

I - Englne   power   s e t t i ng  - Id l e ,   t unne l   speed  - 0 m p h  

I1 - E n g l n e   p o w e r   s e t t m g  - ~ d l e ,   t u n n e l   s p e e d  - 25 m p h  

I11 - E n g l n e   p o w e r   s e t t l n g  - 9 0  p e r   c e n t   n o r m a l   r a t e d   t h r u s t ,  
t u n n e l   s p e e d  - 1 6 5   m p h  

12 1 
10 6 
15 1 

3 8  

1 1  3 
3 9  



2 0  

TABLE VI1 

TEST  CONDITIONS AND PERFORMANCE O F  AN INTERMEDIATE  ROUTING 
O F  EDISON  CONTINUOUS-TYPE  DETECTOR  ELEMENT 

MOUNTED ON THE  ENGINE 

Locatlo7  Engme  and  Tunnel  Sett lnga  Exposures Ala rms   Average   T ime  ( s e c  ) 
Test   Condl t lons * P e r f o r m a n c e  

IV 

Totals  

Percentage  of Detectlon 

2 
I 
I1 
111 
IV 

Totals  
Percentage  of Detectlon 

I 
I1 
111 
IV 

Totals  

3 

Percentage of Detectlon 

14 

12 
13 

10 

49 

11 
11 
11 
9 

42 

1 2  
1 2  
10 

8 

42 

59 2 

47 6 

95 3 

8 
0 

Response   Rese t  

18 6 2 0  

12 
9 

29 

13 1 
15 1 

4.5 
3 5  

0 
0 

11 
9 

20 

11 
11 
10 

8 

40 

13 5 
17. 4 

1 7  
1 9  

18 5 
17 0 3 9  

3 5  
15 7 7 0  
13 7 6 2  

*Engme  and  Tunnel  Settlng 

I - Englne  power  sett lng - Idle,   tunnel  speed - 0 m p h  
I1 - Englne  power  settmg - Idle, tunnel  speed - 25 m p h  

Ill - Englne  power  sett lng - 90 per   cent   normal   ra ted  thrust ,   tunnel   speed-165 m?h 
IV - Engme  power  sett lng - 90 per   cen t   normal   ra ted  t h r u t  w-tth nacelle 

aatl-lcmg  amflow,  tunnel  speed - 165  rnph 





LOCATION NO 6 
NACELLE  STATION 120 2 0 C L O C K  

LOCATION  NO 7 

/," ' \ 
LOCATION  NO. 1 

NACELLE  STATION  125  
6 O ' C L O C K  

LOCATION  NO. 2 
STATION 148 

LOCATION NO 5 - 6 O ' C L O C K  

NACELLE  STATION 206 6 O ' C L O C K  

LOCATION  NO. 4 
NACELLE  STATION  181 6 O ' C L O C K  

'LOCATION  NO 3 
NACELLE  STATION 165 

6 O 'CLOCK 

LOCATION  NO 8 

NO. 5 / 

FIG. 2 FUEL R E L E A S E   L O C A T I O N S   F O R   N A C E L L E   I N T E R N A L   F L A M E   S T U D I E S  



S T R U T   V E R T I C A L   F I R E W A L L  

NACELLE  STATION 89 
NOSE  COWL  TRAJLING  EDGE 

TATION 1 7 1  2 

211 
, 

IIY..m 
U,.*9", I 

w Ilcl"<.L 

FIG 3 NACELLE  STATIONS USED FOR TEMPERATURE  SURVEY 



RECORDER 
BROWN TEMPERATURE 

FUEL IGNITOR 

FUEL DISCHARGE 

FIRE-DETECTOR 
SYSTEM NO. 1 

FIRE-DETECTOR 
SYSTEM NO. 2 

COz DISCHARGE 

0 10 20 30 40 50 60 
~~ 

TIME IN  SECONDS 

FIG. 4 SCHEDULE O F  EVENTS FOR STANDARD TEST DURING 
NACELLE INTERNAL FLAME STUDY 



TEST CONDITIONS  NOMENCLATURE 

ENGINE  POWER - MRT (MAX RATED  THRUST)  PLUS SIGN INDICATES  LOCATION O F  FUEL 
TUNNEL  SPEED - 165 MPH  RELEASE  PLOTTED  VALUES INDICATE 
TEST  FIRE - JP-4   FUEL,  0 3 GPM 

RELEASED  FOR 10 SEC 
MAXIMUM TEMPERATURE RISE ('F ) ABOVE 
AMBIENT READINGS PRIOR  TO  THE  FIRE 

FIG. 5 EFFECT  OF  NACELLE  FIRE ON AMBIENT TEMPERATURES WITHIN 
THE NACELLE (MODIFIED DOORS) 



I 

V E R T I C A L   F I R E W A L L  
NACELLE  STATION 136 

LOCATION  NO. 2 
NACELLE  STATION 130 

12 00 O ' C L O C K  

MAIN  ENGINE  FUEL 
S U P P L Y   L I N E  

F I R E W A L L  

NOSE  COWL 
TRALLING  EDGE 

NACELLE  STATION 89 

NACELLE  STATION 148 
LOCATION  NO. 1 

6 00 O ' C L O C K  

FUEL CONTROL  UNIT 2 

ENGINE  OIL  TANK 7 

TION 
3 

A-C GENERA 

FUEL-AIR  STARTER 
EXHAUST  PORT 

ENGINE  IGNITER 
BOX 

LOCATION  NO. 4 
NACELLE  STATION 181 
6 00 O ' C L O C K  

FIG.  6 FUEL  RELEASE  LOCATIONS  RELATIVE  TO  FUEL  AND  IGNITION  SOURCE 

117 



N A C E L L E   S T A T I O N  100 
12 O'CLOCK 

N A C E L L E   S T A T  
4 0 ' C L O C K  F A C E L L E   S T A T I O N  119 

3-30 O ' C L O C K  

NACELLE  STATION 100 
8 30 O ' C L O C K  

\ 

- D E T E C T O R   R O U T E  
F U E L   R E L E A S E   L O C A T I O N S  

N 215 

4 

FIG.  7 ORIGINAL  ROUTING O F  ENGINE-MOUNTED  CONTINUOUS-TYPE  DETECTOR 





N A C E L L E   S T A T I O N  117 
2 O'CLOCK 450" F 

A C E L L E   S T A T I O N  13 1 
6 O ' C L O C K  450' F 

6 O ' C L O C K  650" F. 
N A C E L L E   S T A T I O N  215 1 

6 O ' C L O C K  900" F. 

t D E T E C T O R   U N I T  
2 0 F U E L   R E L E A S E   L O C A T I O N S  

N A C E L L E   S T A T I O N  117 

- mmr, 
mmm1m11 ran. *.,.*. 

FIG 9 ORIGINAL  LOCATIONS O F  D O U B L E - W I R E   U N I T - T Y P E   D E T E C T O R S  



DETECTOR  NO 12  (450") - DETECTOR  NO 1 1  (450") 

D E T E C T O R  NO 10 (450") 

D E T E C T O R  NO 9 (675") 

D E T E C T O R  NO  6 (750") 

USED  ON  ENGINES  NO 1,  2 ,  AND 3 ONLY 

DETECTOR  NO 4 (675') 

DETECTOR NO a (750') 



BROWN TEMPERATURE 
RECORDER 

FUEL IGNITOR 

FUEL DISCHARGE 

FIRE-DETECTOR 
SYSTEM NO. 1 

FIRE-DETECTOR 
SYSTEM NO.  2 

GO2 DISCHARGE 

0 10 20 30 40 50  55 

TIME IN SECONDS 

FIG. 11 SEQUENCE O F  EVENTS AS SCHEDULED FOR STANDARD TEST DURING 
DETECTOR  ROUTE EVALUATION 
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F I G .  14 FINAL  LOCATIONS O F  D O U B L E - W I R E   U N I T   D E T E C T O R S  IN BOEING 707 
N A C E L L E   C O N F I G U R A T I O N  



N A C E L L E   S T A T I O N  136 rn 

/' 
, 

I 
5 00 O ' C L O C K  N A C E L L E   S T A T I O N   1 5 2  

5 30  O ' C L O C K  2 , 450"  F. I N A C E L L E   S T A T I O N  153 

7 00 O ' C L O C K  

* 
USED  ON  ENGINES  NO.  1, 2,  3 ,  ONLY 

B E T W E E N   A C C E S S O R I E S   A N D  
R E P R E S E N T S   D E T E C T O R   M O U N T E D  

ENGINE  CASE 

0 F U E L   R E L E A S E   L O C A T I O N S  
4 D ..my* ID8  I. 

w IY*.LA,  
..clO.l"l 

215 

F I G .  15 R E C O M M E N D E D   U N I T - T Y P E   D E T E C T O R   L O C A T I O N S   A N D   A L A R M   S E T T I N G  
FOR T H E   K C - 1 3 5   N A C E L L E   C O N F I G U R A T I O N  



1- COMPRESSOR  COMPARTMENT - BURNER  COMPARTMENT 4 

LONGITUDINAL NACELLE  STATION 
TEST CONDITIONS NOMENCLATURE 

ENGINE  POWER - 90 PER  CENT  NRT PLUS SIGN INDICATES  LOCATION 
TUNNEL  SPEED - 165 MPH O F  FUEL RELEASE  PLOTTED  VALUES 
TEST  FIRE - JP-4   FUEL,  0 3 GPM INDICATE MAXIMUM TEMPERATURE 

RISE ("F ) ABOVE  AMBIENT  READINGS 
PRIOR TO THE  FIRE 

RELEASED FOR 10 SEC 

FIG 1 6  EFFECT  OF  NACELLE  FIRE ON AMBIENT  TEMPERATURES  WITHIN 
THE NACELLE 



COMPRESSOR  COMPARTMENT - 
12 

I I  

10 

9 

- BURNER  COMPARTMENT -I 

es 105 121 137 148 153 1 8 9  
LONGITUDINAL NACELLE  STATION 

TEST CONDITIONS  NOMENCLATURE 

ENGINE  POWER - 90 PER  CENT  NRT 
TUNNEL  SPEED - 165 MPH  OF FUEL RELEASE  PLOTTED VALUES 
TEST  FIRE - JP-4 FUEL, 0 3 GPM  INDICATE MAXIMUM TEMPERATURE 

PLUS SIGN INDICATES  LOCATION 

RELEASED  FOR 10 SEC  RISE (OF ) ABOVE  AMBIENT  READINGS 
PRIOR  TO  THE  FIRE 

FIG 17 EFFECT  OF  NACELLE  FIRE ON  AMBIENT  TEMPERATURES WITHIN 
THE  NACELLE 



LONGITUDINAL NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 

ENG  POWER - 90 PER  CENT  NRT 
TUNNEL  SPEED - 165 MPH 
TEST  FIRE - J P - 4  FUEL, 0 3 GPM 

PLUS SIGN INDICATES  LOCATION 
OF  FUEL  RELEASE  PLOTTED VALUES 
INDICATE MAXIMUM TEMPERATURE 
RISE  ("F ) ABOVE  AMBIENT READINGS 

RELEASED  FOR 10 SEC PRIOR TO THE FIRE 

FIG. 18 EFFECT  OF  NACELLE  FIRE ON  AMBIENT TEMPERATURES WITHIN 
THE  NACELLE 



ENGINE  POWER - IDLE 
TUNNEL  SPEED - 0 O F  FUEL RELEASE  PLOTTED VALUES 
TEST  FIRE - JP-4 FUEL, 0 3 GPM 

PLUS SIGN  INDICATES  LOCATION 

INDICATE MAXIMUM TEMPERATURE 
RISE (*F )ABOVE  AMBIENT READINGS 
PRlOR TO  THE  FIRE 

RELEASED  FOR 10 SEC 

FIG 19 EFFECT O F  NACELLE  FIRE ON AMBENT  TEMPERATURES WITHIN 
THENACELLE 



89 121 137 148 153 169 172 191 206 211 236 
LONGITUDINAL  NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 

ENClNE  POWER - IDLE  PLUS SIGN  INDICATES  LOCATION .~ 
TUNNEL  SPEED - 0 
TEST  FIRE - JP-4   FUEL,  0 3 GPM 

OF FUEL  RELEASE  PLOTTEDVALUES 
INDICATE  MAXIMUM  TEMPERATURE 
RISE f'F 1 ABOVE  AMBIENT  READINGS RELEASED FOR 10 SEC 
PRIOR  TO  THE  FIRE 

FIG. 20 EFFECT  OF  NACELLE  FIRE ON AMBIENT  TEMPERATURES WITHIN 
THE  NACELLE 



TEST CONDITIONS NOMENCLATURE 

ENGINE  POWER - IDLE 
TUNNEL  SPEED - 0 
TEST  FIRE - J P - 4  FUEL,  0 3 GPM 

O E F U E L  RELEASE  PLOTTEDVALUES 
PLUS SIGN  INDICATES  LOCATION 

INDICATE MAXIMUM TEMPERATURE 
RELEASED.EOR 10 SEC 

PRIOR TO THE  FIRE 
RISE ( 'F ) ABOVE  AMBIENT READINGS 

FIG. 2 1  EFFECT O F  NACELLE  FIRE ON  AMBIENT  TEMPERATURES  WITHIN 
THE NACELLE 



TEST CONDITIONS NOMENCLATURE 

ENGINE  POWER - MRT (MAX RATED  THRUST)  PLUS SIGN INDICATES LOCATION OF  FUEL 
TUNNEL  SPEED - 165  MPH 
TEST  FIRE - JP-4  FUEL, 0 3 GPM 

RELEASE  PLOTTED  VALUES INDICATE 
MAXIMUM TEMPERATURE RISE (‘F ) ABOVE 

RELEASED FOR IO SEC AMBIENT READINGS PRIOR TO THE FIRE 

FIG. 22 EFFECT OF NACELLE FIRE ON AMBIENT  TEMPERATURES WITHIN 
THE  NAGELL- 



A- COMPRESSOR  COMPARTMENT 4- BURNER  COMPARTMENT 4 

89  105 121 137 148 153 169 172 191 206 211 236 
LONGITUDINAL NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 
EINGINE  POWER - MRT (MAX RATED  THRUST) 
TUNNEL  SPEED - 165 MPH 
TEST  FIRE - JP-4  FUEL, 0 3 GPM 

PLUS SIGN INDICATES LOCATION OF FUEL 
RELEASE  PLOTTED VALUES INDICATE 

AMBIENT READINGS PRIOR  TO  THE  FIRE 
MAXIMUM TEMPERATURE  RISE ('F ) ABOVE RELEASED FOR 10 SEC 

FIG. 23 EFFECT OF NACELLE  FIRE ON AMBIENT TEMPERATURES WITHIN 
THE  NACELLE 



LQNGITCJUINAL NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 

ENGINE  POWER - MRT (MAX RATED  THRUST)  PLUS SIGN INDICATES LOCATION OF FUEL 
TUNNEL  SPEED - 165 MPH 
TEST  FIRE - JP-4  FUEL, 0 3 GPM 

RELEASE  PLOTTED VALUES INDICATE 
hiAXIMUM TEMPERATURE  RISE ( ' F  I ABOVE 

RELEASED FOR 10 SEC AMBIENT READINGS PRIOR TO THE 'FIRE 

FIG. 24 EFFECT  OF  NACELLE  FIRE ON AMBIENT TEMPERATURES WITHIN 
T W  M n r r T  1 F 



ENGINE POWER - MRT WITH ANTI-ICING  PLUS SIGN INDICATES LOCATION OF  FUEL 
AIRFLOW 

TUNNEL  SPEED - 165 MPH 
TEST  FIRE - J P - 4   F U E L ,  0 3 GPM 

~ ~ . ~ . ~  ~~ ~ RELEASE  PLOTTED VALUES INDICATE 

AMBIENT  READINGS PRIOR  TO  THE  FIRE 
MAXIMUM TEMPERATURE  RISE (T ) ABOVE 

~ ~ ~~~~~~~~ ~. ~~~ ~~ ~ 

RELEASED FOR 10 SEC 

FIG 25  EFFECT O F  NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN 
THE NACELLE 



LCOMPRESSOR COMPARTMENT-BURNER  COMPARTMENT^ 

.- 
as 105 121 137 148 153 169 172 191 206 211 236 

LONGITUDINAL NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 

ENGINE POWER - MRT WITH ANTI-ICING PLUS SIGN INDICATES LOCATION OF  FUEL 
RELEASE P I A T T E D  VALUES INDICATE A I R F M W  

TUNNEL  SPEED - 165 MPH 
TEST FIRE - JP-4  FUEL. 0 3 GPM 

~~~ ~ 

RELEASED FOR 10 SEC 

MAXIMUM TEMPERATURE  RISE ( T  ) ABOVE 
AMBIENT READINGS PRIOR  TO  THE  FIRE 

~ ~~ ~ _ _ ~  . ~ 

FIG 26  EFFECT  OF  NACELLE  FIRE ON AMBIENT TEMPERATURES WITHIN 
THE  NACELLE 



COMPRESSOR  COMPARTMENT -6 BURNER C O M P A R T M E N T 4  

89 105 I21 I37 I 53 165 169 172 191 211 236 
LQNGITUDINAL NACELLE  STATION 

TEST CONDITIONS NOMENCLATURE 

ENGINE POWER - MRT WITH ANTI-ICING  PLUS SIGN INDICATES LOCATION O F  FUEL 

TUNNEL  SPEED - 165 MPH 
TEST  FIRE - JP-4  FUEL. 0 3 GPM 

AIRFLOW RELEASE  PLOTTED VALUES INDICATE 
MAXIMUM TEMPERATURE RISE [ T  ) ABOVE 
AMBIENT READINGS PRIOR TO THE  FIRE 

RELEASED  FOR 10 SEC 

FIG, 27 EFFECT  OF  NACELLE  FIRE ON AMBIENT TEMPERATURES WITHIN 
THE NACELLE 





N A C E L L E   S T A T I O N  100 
12 00 O ' C L O C K  

N A C E L L E   S T A T I O N  

N A C E L L E   S T A T I O N  134 
5-00  O ' C L O C K  

N A C E L L E   S T A T I O N  171.2 
4 30 O ' C L O C K  

117 

NAC 
5 00 

17 1 2  

4 LNACELLE STATION 2 

7 00 O ' C L O C K  

FIG. 29 F I R S T   I N T E R M E D I A T E   R O U T I N G  O F  C O N T I N U O U S - T Y P E   D E T E C T O R  
M O U N T E D   O N  THE E N G I N E   U S I N G   F E N W A L   D E T E C T O R  

.15 



N A C E L L E   S T A T I O N  100 
1 2  00 O ' C L O C K \  

V E R T I C A L   F I R E W A L L ,  

:ON 117 

/ N A C E L L E   S T A T I O N  170 
6 00 O ' C L O C K  

2 

/ FIRE S E A L  
N A C E L L E   S T A T I O N  171 2 

F I G  30 S E C O N D   I N T E R M E D L A T E   R O U T I N G   O F   C O N T I N U O U S - T Y P E   D E T E C T O R  
MOUNTED  ON  THE  ENGINE  USING  EDISON  DETECTOR 


