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DETERMINATION OF MEANS 
TO SAFEGUARD ROTARY -WING AIRCRAFT 

FROM POWERPLANT  FIRES IN FLIGHT 

PART I 

STUDIES OF A SIKORSKY H-5A  HELICOPTER* 
FIRE-DETECTION AND FIRE-RESISTANCE 

FOREWORD 

The invesbgatlon  covered  by t h s  report   was conducted at the FAA  Technical 
Development  Center,  IndiaMpolio,  Inhard,  under U S Army  Transportabon  Research  and 
Englneermg  Command,  Contract  21x2040  709-9062 P 5030-07 S 44-019.  Subtask 701. 
ProJect  9-38-01-000,  dated  December 11, 1956 

SUMMARY 

adequate  flre  protection of a Sikorsky H-5A hehcopter  are  presented wth the  mtmhon of 
The results of a ser ies  of simulated  in-fhght  fire teats t o   d e t e r n u n e   m e a s   f o r  the 

applymg  some of the  results  to  rotary-dng  aircraft  of present  and  future  design  The  tests 
conducted on the H-5A lnetallaiion  represent  the firnt in a ser les  of slmulated  in-fight  f ire 
stumes  conducted on rotary-wing  aircraft by the  FAA T e c h c a l  Development  Center 
Results  are  presented 1n three parts aa  follows 

F l r e  Detection. 

fire-detector  locations for effectlve  fire  detectlon  were  determined m e o n  continuoue-type, 
fire-detector  elements  were  used  durlng  the  tests  for  deternumug  locatlons in the H-5A 
powerplant inatallation 

Igrubon Hazards. 

hot-exhaust  surfaces  during  slmulated  fkght  condbons  and  the  exhaust  surface  temperatures 
Hydrauhc  flmd,  lubrlcatlng  oil,  and  aviation  gasoline  were  sprayed on the  enghe 

at  whch  these  fluds  lgmted  were  determlned  Hydraulic  fluld  and  lubricahng oil ignited 
when the metal surface  temperature of the  exhaust  mamfold  stacke  exceeded 900' F. 
C a s o h e  did  not l g u t e   a t  1.150' F , which  was  the max1111w exhaust  surface  tsmperature 
attamable  under  the  test  conhhons. 

F1re  Realstance 

autorotative  descent  cond&ons  Results of t h ~ s  t es t  showed that amblent  temperatures 1n 
excess of 2,000' F could  be  expected ~n the powerplant  durlng  a  severe  in-flight fire. 

materlal,  burned away  raprdly  and  aggravated  the  fire 
Surfaces  subject  to  flame  impmgement, u n l e s s  constructed of stainless  steel or equrvalent 

Arf low and  flame  paths  under  simulated  fhght  conditione  were  studied  and  ophmum 

A severe ( 3  gallons  per  mnute)  5-rmnute  fire  test  was  conducted  under  simulated 

INTRODUCTION 

In recent  years,  the  transport-type  helrcopter has added  to  the  already  complex 
hehcopter  flre-protecbon  problem Thls type of a rcraf t   requi red  additional power to meet  
ite  performance  speclflcahons of carrying  a  large  payload  with  more  passengers  and  fuel 
The  over-all  fire  reslsbvlty  must  be  malntaned  for a longer hme m order to allow the 

*Reprinted  for  general  mstrlbution  from  a  kmited  distribution  report  dated  June 1958. 
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Flg.  1 Hehcopter  In-Fhght  Flre  Test  Facllity - Normal  Fllght  Attitude 

alrcraf t  to  autorotate  safely  to  the  ground  should  flre  occur  at  a hrgh altltude.  The 
development of means  to  safeguard  rotary-wing  urcraft  from  fires OrigmMtmg in the  power- 
plant IS a  subJect of vl ta l  interest  to both  clnlxan  and mhtary   opera tors .  and to the FAA 

Informabon  was  needed to deternune  the  lgmtlon  hazards  and  the  fire-detectron 
reqvlrements  necessary  to  provlde  fire  safety  in  hekcopters of present and  future  deslgns 
In hne wth these  needs,  and  to  obtain  general  informahon on the  hehcopter  powerplant  fire 
problem,  a  fire-test  program was conducted  at  the T e c h c a l  Development  Center (TDC) 
under  sponmorstup of the  Department of the  Army.  The  evaluatlon of the  resulta of th18 tes t  
program  enables c e r h n  deslgn  criteria  to be presented as a  general  gude  for  rotary-wmg 
aircraft  fire  safety 

TEST  FACILITIES 

The tes t  facllxty  shown in Figs  1  and 2 was  constructed  ln  order  that  fire  problems 
could  be  enrnlned  under  srmulated  normal  and  autorotative  fhght  con&tlons.  A  mobile  mnd 
machine  constructed on a truck  bed  and  made  up of an  Alllson 3420 englne  drivlng two coun- 

with  a  relatlve  alrspeed of 85 mph  at  an  angle of 10' to  15'was  slmulated by lowerlng  the 
terrotatlng  propellers  was  used  to  supply  alr  to  slmulate  flxght  condthons  Normal  fhght 

nose of the  hehcopter  Autorotative  descent  having  a  relahve  airspeed of 65 mph  at  an  angle 

Fig 2 Hehcopter  In-Flight  Flre  Test  Facllity - Autorotatlve  Attitude 
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Fig 3 Left  Side View of H-5A Engine  Accessory  Section 

of 45' was  simulated by r a s l n g  the  nose of the  hehcopter 15'  and utrlleing 30' angle a l r  
deflectmn  vanes 

pressures  were  recorded  during simulated fhght  The  carbon  monoxide COntamlMtion was 
Pltot static  tubes  were positioned at various  locations wthm the  powerplant.  and a r  

measured  in  the  passenger  compartment  durlng a severe   f l re  by a Mme  Safety  Apphance Co 
Type B-1  carbon  monoude  detector 

by Brown self-balancmg  pyrometers  The  hehcopter  used  for  these  tests  was  a SAorsky 

of personnel  safety.  The  fuselage  was  constructed of welded  steel tublng  covered wlth alu- 
YH-SA wlth three-bladed  maln  and  tall  rotors  These  rotors  were  removedin  the  Interests 

mlnum  and  dlvlded  into  three  prlnclpal  sectlons  the  cabm sec!aon, center or main  sechon, 

fore  and aft  and was &vlded  Into  an  englne  compartment  and  an  accessory compartment. 
and  tal1  cone  sectron  The  center  section,  which  housed  the  powerplant,  had  steel  flrewalle 

wlth  a horizontal baffle  between  them 
The  helicopter  was  powered by a Pratt and  Wbtney  Model 985AN5 me-cylmder   radlal  

A fan,  spline-coupled  to  the  txanawsslon  shaft,  aupphed  coohng air when  the  engme  was 
am-cooled  englne  mounted  m  an  uprrght  poszhon  and  encircled by an   a lumlnw  r lng  cowhng. 

d u d  openlng  on each  slde of the  center  sechon  Coolmg  alr  also  was  forced  through  the 
running The  coolmg am  was  forced down between  the  cyknders  and  out  through  the  longltu- 

exhaust  collector  rlng  shroud,  the 011 coolers.  and  mto  the  carburetor air mmture  chamber 

tected from flames  durmg  the  tests by a  coverlng of asbestos and water  glass,   as shown in 
englne  power  sechon  Many of the  accessorlea,  as  well  as  the  fuel  and 011 hnes, were pro- 

Flg 3 Crxtxcal control  surfaces.  alr  ducts,  bolted  ~omta.  tubular  trkss  atructure,  cowhng, 
firewalls,  and 011 coolers  were  left  exposed  to  the  fire 

A n  was  supphed to the  carburetor.  movnted on the  lowest  part of the  engme,  through 
one fxltered and one unfiltered  air  duct,  the  Inlets  to whlch a r e  shown m Fig 4 The  controls, 

Temperature  measurements  using  chromel-alumel  thermocouples  were  recorded 

Englne controls and  accessories  were  located m the  accessory  compartment below the 
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F l g  4 k g h t  Side Vlew of H-5A Hellcopter  Autorotatlve  Attltude 

operated  by  a  Benes of push-pull  rods  and  bell  cranks.  passed  through  forward  firewall 
bushmgs of fire-resistant materlal  whlch  sealed  the  holes.  Twln 011 coolers of soldered  alu- 
m m m  construcbon  were  located  m  the  acceasory  sectlon  In  front of the  lower rear   f l re -  
wall  Alr  ducts  from the  engine  coolmg  system  hrected alr to  each  cooler  Lubrlcabng  oil 
was carrled  to  the  engme  through  alummum  oil  hnes  from  the  accessory  sechon 

Alumlnum  fuel  tanks of welded  constructaon  normally  were  located  fore  and aft of the 

gme,  remalned installed for the flre  tests,  whereas  the engrne  fuel t a d  was  removed  Fuel 
engme  compartment  and  separated  from I t  by flrewalls One 011 tank,  located aft of the  en- 

lmes  constructed of alumrnum tubrng and fi t t lngs paseed  through the accessory  sechon 

FIRE-DETECTION STUDIES 

Flre-detection tests  were conducted  to  determine  the  most  effective  fire-detector 

by  studylng  data  obtalned  from  amflow  and  flame  path  tests  conducted  under various 81mu- 
element locations wlthm  the H-5A hehcopter  powerplant  These  locabons  were  determmed 

lated  fllght  condltlons  Conhnuous-type flre detectors  then  were  Installed  m  the H-5A 

flre-detector  response 
powerplant In these  locataons,  and  slmulated  in-fllght  fires  were  lgnlted  to  determme  the 

Airflow  Tests. 

powerplant  durmg  slmulated  flight  condlbons  The  data  obtamed  from  these  tests are   pre-  
sented m Table I Flve  pitot  tubes  were  used  to  obtaln  the  measurements shown  Alrflow 
pltot  tube  posltlon  C  described  m thls table  remained  stabonary  and  was  used  as  a  reference 
pomt  throughout  the tes t  series Other  pckups  were m o v d  about  to  analyze  the  alrflow 
pattern 

followmg  con&tlona 

Tests  were  conducted to measure  the a n  veloclty  and  &rechon m the H-5A 

Alrflow  measurements  were  taken  during  slmulated  autorotatlve  descent  under  the 

2 Engme operatmg m t h  ventllahng shutters open 
1  Englne operatmg wvlth ventllabng shutters closed 



5 

TABLE I 

Plkt 
Tube 

A 

B 

c 

D 

E 

F 
G 

H 

I 

.I 

K 
L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 

W 

ENGINE NACELLE UNDER SIMULATED AUTOROTATIVE DESCENT CONDITIONS 
MEASURED AIR VEMCITIES IN THE H-5A HELICOPTER 

h r  Velocltv in  Miles  Per Hour 

Locatlon 

Below left 011 cooler  and above rear   port  
deflector poinhng Into 45' alrflow 

Above left  front  port of air deflector 
p o m h g  mto 45' airflow 

polntlng  into 45' airflow 
On left  side  cowl of englne  compartment 

Above right  front  port of wind deflector 
pointing into 45' anflow 

Below  and  between No 2 and No. 3 
cylinders  pointed up. 

Near air intake  pointed dawn. 
At rear firewall  above f a n  pointed down 

Above fan  bladea pointed  up 

At  front  firewall  above  fan  at  sbeld  pointed 
down 

Under cylinder No 1,  right  front  slde 
pomted up inside  shroud 

Under  cyhnder No 1, In front  pointed up 

Engine R u n g  
Shutters 
Closed 

40 

59 

58 

67 

14 

13 

0 
14 

0 

32 
32 

Under cyhnder No 5. pointed up inside  shroud. 

Pointed  up  inside  exhaust  shroud. 

Under cyhnder No 3, pointed  up  inslde  shroud. 

At  rear of crankcase  between  fan  and crank- 
case pointed up. 

fan blades 
Above frna of  No 1 cylinder pointed up a t  

Near 12 o'clock  position on crankcase 
pointed up between  fan  and  crankcase 

Above flns of  No. 8 cyhnder  polnted up 

In rlght 011 cooler  duct  polnted up 

Above forward  air  Intake on r q h t   s l d e  
pointed down. 

Above forward a r  Intake on left  side 
pomted down 

Lef t  011 cooler  pointed do- 

By carburetor porntcd up 

0 

0 

20 

0 

0 

0 

0 

20 

0 

15 

15 

0 

Shutters 
Open 

40 

6 1  

61  

58 

14 

0 

0 

14 

0 

40 

37 

17 

29 

20 

0 

0 

0 

0 

20 

10 

15 

20 

0 

Engine  Not Running 
Shutters 
Closed 

40 

61 

59 

69 

29 
20 

25 

0 

0 

25 

0 
0 

25 

17 

0 

0 

0 

0 

0 

0 

15 

0 

0 

Shutters 
Open 

40 

59 

58 

67 

29 
15 

20 

0 

0 

14 

0 

0 
14 

20 

0 

0 

0 
0 

15 

10 

15 

0 

0 

Pltot  tubes  A  through  D  were  outslde  engine  compartment,  all  others  were  mslde. 
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F l g  5 Englne Accessory  Sectlon - Flame  Paths During Normal  Flrght 

3 Englne  not operahng  wlth  ventllatmg  shutters  closed 
4 Engrne not  operatlng w ~ t h  ventllahng  shutters open. 

The results of the  alrflow s tuhes  conducted under  slmulated  fllght  condltlons  showed 
that  the  secondary  air  velocltles  through  the  frre  zones m the  powerplant  dld  not  exceed 40 
mph  Avrahon  gasohne,  lubrlcatmg 0x1, o r  hydraullc  fluld  could  be  Igmted  easlly  and  com- 
bustlon  sustamed  at  am  velocltles of 40 rnph or less  Mlnlmum  anflows  occurred  wlth~n  the 
powerplant when  the  englne was  not  operatmg  and  wlth  the  venhlatlng  shutters m a closed 
posltlon 

Flame  Path  Tests 

the 011 cooler  Test  flres  were Igruted near  the  duct  openmgs to determine If flames  from 
In the  englne compartment, t w o  alummum  ducts  drrect  air  from  the engine sechon  to 

the  englne  sectlon  actually  passed  through  the  ducts  and  endangered  the 011 cooler No 
evldence of flame  lmpmgement or  excesslve  heatlng of the 011 cooler was  noted 

windows placed m the compartment  cowhng  as shown m Fig  5 Flame paths observed  durlng 
In the accessory  compartment,  flre  paths  were  observed  vlsually  through Plexiglas 

movlng m the  aft-to-forward  dlrechon.  whereas, In the  autorotatlve  descent  conhtlon,  the 
slmulated  normal  fllght  con&aons showed  that a f i re  In  the  accessory  sectlon  had  flame  paths 

flame  paths  traveled m the forward-to-aft  hrectlon 

Detector  System  Tests 

powerplant  eonee  Sustalned  test  flrea of 5 to 10 seconds8  duratmn  were lgnlted at  each  lo- 
catlon  durmg  slmulated  normal and autorotative  fllght  conhtlons,  and  the  response  tlme of 
each variously located  detector  for  each  test  flre was recorded.  Power  sechon  compartment 
flre-detectlon  elements  were 10 feet  long and  were  posltloned a s  shown In Flg 6 

An analysls of the  detection  results  dlsclosed  that, of 55 f n e s  during  slmulated 
normal  fhght,  detector C sensed  all  fires wth an  average  response  tlme of 4 6 seconds, B 
sensed 82 per  cent  wlth  an  average  response  hme of 45 seconds,  and A sensed 64 per  cent 
w ~ t h  an  average  reeponse  hme of 4 0 seconds See Table I1 Also,  an analysis of the 
detechon  results  dlsclosed  that, of  71 flres  durlng  slmulated  autorotatlve  fllght,  detector 
locatlon C sensed 69 per  cent of the  flres wlth an  average  response  tlme of 

Edlson  conbnuoua-type  flre  detectors  were  placed  at a f e r e n t  statlons m the 
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TABLE II 

RESPONSE  TIMES OF ENGINE SECTION 
DETECTORS IN THE  H-5A HELICOPTER DURZNG 

SIMULATED NORMAL FORWARD FLIGHT 

Locations of F l r e  Nozzle 

Above and  between  cyhnders 7 and 8 on 
outer  periphery  dnected  across 
c y h d e r  8. 
Between  cylinders 1 and 2 on outer 
periphery * 

Between  cylinders 3 and 4 on outer 
periphery 

Between  cylinders 7 and 8 near  crankcase 
directed  to  deflect  fuel off crankcase. 

Near crankcase  between  cylinders 1 and 2 * 

Between  cylinders 4 and 5 near  crankcase 
d i rec ted   across   cyhder  4. 

Between  cylrnders 6 and 7 directed  across 
7 to bounce fuel off crapkcase. 

Above cyhnder 9 on outer  periphery 
directed acrosm 9 and  1 

Between cyhnders 4 and  5 on outer 
periphery  dnected  across 5 

Dlrected  againet  crankcase  to  deflect  onto 
cylinder 6, 

Directed  across  cylinders 8 and 9. 

Directed  across  cylinder 4 

At outer periphery  above  cylinder 8 
&rected  over  crankcase 

Detector 

A 
B 
c 
A 

c 
B 

A 
B 
c 
A 
B 
c 
A 
B 
C 
A 

c 
B 

A 
B 
c 
A 

c 
B 

A 
B 
c 
A 
B 
c 
A 
B 
c 
A 
B 
c 
A 
B 
c 

1 

4.0 
6.0 

5 .O 
2.5 
2.5 
a 5  

N.T. 

N.T. 
N T. 

11.0 
X 

5.5 

X 

8 0  
3.0 

9 0  
X 

4 0  
5 0  
6 0  
7 .O 
5.0 

4.0 
4.0 

X 
2 0  
3 0  

4 0  
3 0  
5 0  

4.0 

4 0  
3 0  

X 

4 0  
3.0 

3 0  
2.0 
4 0  

Reeponse Time 
Trials 

(seconds) 

2 

4.0 
4.0 
3 0  
2 5  
2 5  
2 5  

N T. 
N T  
N T  

12 0 
X 

5.0 

X 

4 0  
5 0  

5.0 
X 

4.0 

4 0  
5 0  

6 0  
5 0  
4.0 
4.0 

4 0  
X 

4 0  

3 0  
X 

5.0 
X 

2 0  
3.0 

2 0  
X 

3 0  
2 0  
2 0  
3 0  

3 

5 0  
4 0  
4 0  

3.0 
5 0  
2 0  

2 5  
3 3  
1 5  

5.0 
3.5 

8 0  

N T  
N T  
N T  

N T  
N.T 
N.T 

N.T 
N.T 
N  T. 

N T. 
N T  

N T. 
N.T 
N T  
N T  

N.T 
N T. 
N T  

N  T. 
N T  
N T. 

N T  
N T  
N.T. 

4 0  

6 0  
3 0  

4 

4 0  
3.0 
3 0  

2 5  

2 0  
3 0  

2.5 

2.0 
X 

8 0  
5 0  

7 .O 
N T  
N T  
N T  

N.T 
N.T 
N T  * 
N T  
N.T 
N T  

N.T 
N T  
N T  

N.T. 
N T  
N T  

N T  
N T  
N T  

N T. 
N.T. 
N T. 

N.T. 
N T. 
N  T. 

2 0  
3 0  

7 0  
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TABLE Il (continued) 

RESPONSE  TIMES OF ENGINE SECTION 
DETECTORS  IN  THE  H-5A  HELICOPTER DURING 

SLMULATED NORlvLAL FORWARD FLIGHT 

Response  Time 
Trlals 

(seconds) 

Locakons of F l r e  Nozzle 

Above cyhnder 5 near  crankcase 

At  outer  periphery  above  cylinder 3 
hrected  over  crankcase  toward  other  aide 

Under  cylmder 3 &rected  toward  base of 
cylinder 4 at  crankcase 

Between  cylinders 7 and 8 directed  to 
outside of cylmder '1 

Below  cylmder 9 and hrec ted   across  1 

Below  cylmder 5 and  drrected  across 
base of 6 toward  crankcase. 

Behveen  cyhnders 7 and 8 a rec t ed   t o  
deflect  fuel off the  crankcase. 

Between cyhnders  1  and  2  near  crankcase * 

Between  cyhnders 4 and 5 near  crankcase 
hrected  across  cylmder 4 

Detector  1 

A 5 0  
B 3.0 
C 5.0 
A 10 0 
B 
c 9 .O 

3 0  

A X 
B 
C 6 0  

X 

A X 
B 
C 4.0 

X 

A X 
B 
c 

X 
2 0  

A 
B 6 0  

3 5  

c 8.0 

A 6 0  

c 
B 6 0  

6 0  

A X 
B 
c 

X 
4.0 

2 

6.0 
3 .O 
5 0  

12.0 
2 0  

13 0 

X 

6 0  
X 

X 
X 

2.0 

X 

3 0  
X 

X 
X 
2 0  

8 0  
5.0 

7 .O 

8.0 
8 0  
8.0 

X 

4.0 
X 

3 

5 0  
3 0  
3 .O 

N T  
N.T 
N T  

6 0  
X 

4 0  

N T  
N T. 
N T  

N T  
N T  
N T  

N T  
N T  
N.T. 
N.T. 
N.T. 
N T  

N T  

N T  
N T. 

N T  
N  T. 
N T  

4 

4.0 
2 0  
3.0 

N.T 
N T  
N T. 

N.T 
N T  
N T  

N T  
N T  
N T  

N  T. 
N  T. 
N T. 
N.T 
N T. 
N.T. 

N T  
N.T 

N T  

N  T. 

N.T 
N T  

N T  
N T  
N T  

Detector  Locations A - Loop was 4 inches below  baffle on outer  perlphery of cyhnders 
B - Loop was  near  crankshaft  above  and  concentrlc wth engme 

C - Loop was  around  exhaust  stacks 1 112 inches  from stacks and 
wirlng  harness 

4 Inches  below  cylinder  baffle  haphragm. 1 inch  outside  exhaust 
stack 

*Spherical nozzles.  all  others  were tube nozzles X - No detectlon. N T. - No test conducted 



Flg 6 H-5A Hellcopter  Englne Power Sectlon Showlng Locatlon of 
Flre Detector  Elements A, B, and C 

5 0 seconds,  locatlon A sensed 58 per  cent wulth an  average  response  tlme of 6 0 seconds, 
and B sensed 51 per  cent wlth an  average  response  tlme of 7 5 seconds See  Table I l l  

and  were  used In locatlng the accessory-secbon  flre-detector  elements  Detectors D, E. 
Accessory-sechon  fire  paths  were  observed  visually  through the transparent wmdows 

F, and G, shown in Flg. 7, were located  near  the  front  bottom openmg  of the accessory  sec- 
tlon A sene6  of test  flres  were  Igmted at various  pomts ~n the  accessory  section to evaluate 
the  detector  locahons  durlng  slrnulated  normal  fllght An analysls of the  data  presented m 
Table I V  mdxated  that  detector  locatlon E was  the  most  senslhve 

that  detectors  placed across  the  rear opemng wl l l  give  results m m l a r  to those  obtamed 
Observatron of flre paths In the accessory  sectlon  durmg autorotabve  fllght  mdlcated 

when detectors  are  poslhoned  across  the  front openmg  durmg  slmulated  normal  fllght. 
Detector  locatlons  used  for  normal  fhght  fire  detectlon  were  not  sultable  for  detectmg  fires 
in  thls  sectlon  durmg  autorotatlon  because  the  amflow  and  flame  paths  reverse  dlrectlon 
when the H-5A  changes from  normal  fllght  to  autorotatlve  descent  attitude 

Ignltlon Hazard  Tests 

hazard  Tests were conducted to determlne  the  mlnlrnum  temperatures  at whlch the  lgnltlon 
of various flammable  flluds  will  take  place 

slrnulated  autorotatlve  descent  conhhons  when  the  englne  exhaust  stack  temperatures  were 
above 900'  F Gasollne  dld  not  lgmte a t  1,150' F , t h e  m a m u m  stack  temperature  attamed 
at  2,400 rpm and 12 Inches Hg mamfold  pressure 

The  elevated  temperatures of exhaust  hsposal manifolds presented  an  lgmtlon 

Hydraulic  fluld AAF 3850D  and SAE 20 englne 011 preheated to 175" F rgnlted dunng 

FIRE-RESISTANCE STUDIES OF THE  POWER SECTION 

A ser les  of power-secbon  flres  were  lgnlted to determme the amblent  temperature 
pattern  wlthm the sectlon  and the temperatures  reached by  the surrounhng  structural 
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TABLE IU 

RESPONSE  TIMES OF ENGINE  SECTION 
DETECTORS IN THE  H-5A HELICOPTER DURING 

SIMULATED  AUTOROTATIVE FLIGHT 

F i re  Nozzle  Locahons 

Over No 6 cylinder 5 inches  from 
crankcane  directed  across Nos. 6 ,  7, 
and 8 cylindera. 

Between No. 2 and 3 cylinders 5 
inches  from  crankcame  directed 
acroms No. 2 cylinder. 

Between No. 8 and 9 c y h d e r s  5 
mchem from  crankcane  directed 
acrosn No. 7 and 8 cylinders. 

Above intake push  rod  housing of  No. 5 
c y h d e r  4 inches  from  crankcase 
h rec t ed  at No. 6 cylinder. 

Above mtake push  rod  housing of  No. 1 
c y h d e r  4 inches  from  crankcase 
directed at No. 9 c y h d e r .  

Above intake push  rod  hounmg of No. 1 
c y h d e r  4 inchen f r o m   c r d c a s e  
directed  at No. 2 cylinder. 

Above mtake push  rod  housing of No. 8 
cylinder 3 inches  from  crankcase 
dlrected at No 9 cyhnder  mtake 
rocker box 

Above No 4 cylinder  exhaust  push  rod 
housmg 3 inches from crankcase  toward 
No. 3 c y h d e r   r o c k e r  box. 

Above  intake  push  rod housing of  No. 3 

poinhng  toward No. 4 intake  rocker  box 
cylinder 3 inches  from  crankcase 

Above Intake  push  rod  housing No 7 
cyhnder  pombng  toward No. 8 cyhnder 

Above exhaust No 6 cylinder  pohting 
toward No 7 cyhnder 

Above  exhaust No. 2 cyhnder polntmg 
toward No 3 c y h d e r .  

Above No 5 c y h d e r  pomtlng  toward 
No 4 c y h d e r  8 Inches  from  crankcaee 

Detector 

A 
B 
C 

A 
B 
c 
A 
B 
C 

A 
B 
c 
A 
B 
C 
A 
B 
c 
A 
B 
c 

A 
B 
C 

A 
B 
C 

A 
B 
c 
A 
B 
c 
A 
B 
c 
A 
B 
C 

Response Tmne 

Enghe  operating 

Shutter 
Closed 
(sec.) 

X 

5.0 
X 

6 0  
X 

4.0 

X 
X 
X 

7.0 
X 

3.0 
6 0  

3 .O 
X 

X 
X 

3.0 

9 0  
5.0 

5 0  

X 
X 

3.0 

X 

3.0 
X 

7 0  
7 0  
3 0  

5.0 
8 0  
3.0 
4 0  

9 0  
5 0  

4 0  
5 .O 
3 0  

Shutter 
Open 
(sec.) 

X 
X 

4.0 

5.0 
6.0 

4 0  

X 
X 

11.0 

5 0  
5 .O 
3.0 

5.0 
6.0 
3.0 

X 
X 

5.0 

3 0  
6 0  
4 0  

9 .O 
8 0  

10 0 

10 0 

3.0 
X 

4 0  
5 0  
X 

6.0 
8.0 
9.0 
3.0 
5 0  
X 

7 0  
4 0  

X 

Engme  Not 
Operahng 

Shutter 
Closed 
(sec.) 

X 

3 .O 
X 

X 
X 

4.0 

X 
X 
X 

8.0 
X 

4.0 

7 .O 
7.0 
6.0 
X 
X 
X 

X 

4 0  
X 

7 .O 
6.0 
X 

10 0 
X 

4.0 

10 0 
X 

4.0 

X 

6.0 
X 

7.0 
X 
X 
5 0  

7 0  
X 

Shutter 
Open 
(sec.) 

X 

4.0 
X 

6.0 
7 .O 
4.0 

X 
X 

4.0 

11.0 
X 

4.0 

6.0 

4.0 
5.0 

X 

4.0 
X 

10.0 
X 

5.0 

5.0 
6.0 
4.0 

11 0 
X 

4 0  

7 0  
7 0  
X 

7 0  
10 0 
X 

4 0  
7 0  
X 

5 .O 

8 .O 
X 
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TABLE III (conlanued) 

DETECTORS IN THE  H-5A HELICOPTER DURING 
RESWNSE TIMES O F  ENGINE  SECTION 

SIMULATED  AUTOROTATIVE FLICHT 

Response Tlme 
Engine  Not 

Englne O p e r a h g   O p e r a h g  

Shutter Shutter  Shutter Shutter 
Fl re  Nozzle  Localaons  Detector  Closed Open Closed open 

(sec.) (sec . )  (sec.) (uec.) 

Above No. 3 c y m e r  pointing h a r d  
No. 2 cyIinder 8 inches  from 
crankcase. 

Above No. 9 c y h d e r  pointing toward 
No. 1 cyknder 8 inches  from 
crankcase. 

Above No 5 cylinder  polnted m at base 

crankcase. 
of  No. 4 c y m e r  8 lnchen from 

Above No. 3 c y h d e r   p l n t e d  in a t  base 
of No. 2 c y m e r  8 lnches f rom 
crankcase 

Above No. 8 cyhnder  pointed in at base 
of No. 7 cylinder 8 Inches  from 
crankcase. 

A 
B 
C 

A 
B 
C 

A 
B 
C 

A 
B 
C 

A 
B 
C 

4.0 
4.0 
X 

6.0 
0 0  
X 

X 
X 
X 

5.0 
4.0 
7 .O 

X 
X 
X 

* c 5.0 
9 0  
X 

4.0 10.0 
5.0 12.0 
X 5.0 

18.0 0.0 
15.0 X 

X X 

X 
5.0  13.0 

X 

6.0 15.0 

6.0 X 

4.0 
5.0 

22.0 
X 

Detector  localam8 - aame as normal  fhght. 

Detector  A - Loop was 8 rnches below  baffle  and on outer  periphery 
Detector B - Loop was  near  crankcase  above  and concentric with  engine 

Detector C - Loop was a r o d  the exhaust and 4 inches below the 
wlrlng  harness. 

cyhnder  baffle  haphragm 

X - Deslgnates no detecbon. 

* - Deslgnates no fire. 

11.0 
9 .O 

13.0 

X 

5.0 
X 

7 .O 
8.0 
X 

X 
X 

X 
X 
X 
X 
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TABLE IV 

RESPONSE TJMES OF ENGINE ACCESSORY SECTION 
FIRE DETECTORS IN THE  H-5A  HELICOPTER 

DURZNG SIMULATED NORMAL FORWARD FLIGHT 

Response  Time 
Trlals 

(seconds) 

F i r e  Nozzle  Locahons  Detector 1 2 3 

Under left  side of magneto.  D 
E 

7 0  8 0  6 5  
3.5 4.0 3 5 

F 
G 

X X 
X 

X 
X X 

fieht  slde  aft  and on left  side of D 5 0 5.0 X 
rliht-hand  oil  cooler. 

F 
E 

G 

Right  aide  aft  and  on  right  side  D 
of rlght-hand 011 cooler  E 

F 
G 

Aft of oil  coolers  between  and  D 
beneath  them  E 

Aft of carburetor 

F 
G 

D 
E 
F 

3.0 3.0 
4.0 4.0 

X 
X 

4.0 4 0 X 

7.0 4.0 X 
5.0 3 0 4 0 
X X 
X 

X 
X X 

4.0 4 0 X 
3.5 3.5 X 

4.5 4.5 
4.0 3 5 X 

X 
5 5   5 5  X 
3 5 3.5 
X 

X 
X X 

G X X X 
9 0  8 0  5 0  
4 5  4 0  X Inches  below a n d  to  the  left 

Forward of ring mount  and 4 D 
E 
F 
G 

5 0  3 5  X 
6 0  4 5  X 

Forward of rmg  mount  and 4 
inches  below  and  to  the  rlght 

D X 
E X 

X X 

F 
X 

3 5 3 5 3.0 
X 

G 4 5   4 0  3 5  

Four  inches below englne  rlng  D 
mount  and  left  side of acce88ory  E 

X X 
X 

X 
X X 

sectlon F 
G 

5.5 5.0 
5 0  5 0  

X 
X 

Detector  Locauons D - Halfway  between  bottom  cowl  and  horizontal 
tube  nearly  &rectly  under horizontal tube 

E - Eight  Inches  from  firewall  nearly  In  mlddle 
of operung 

F - Mounted  on standoffs  attached  to  horizontal 

lnches  fore of tube 
tube  element  about 2 Inches  above  and 3 

G - About 2 Inches  above  bottom  cowl  panel  and 
3 lnchee  to r ea r  of bottom  horizontal  tube 

X - Designates no trlal. 
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F l g  7 H-5A Hellcopter  Engme  Accessory  Secbon Showmg Locabon 
of Fire  Detector  Elements D, E, F. and G 

components  durlng wlmulated m-flight  conhhona  These  tests  served  as  a  means of 

integrity  durlng  a  severe  fire The Iruhal  testa  were conducted In such a way  that  the  test 
deternuning  whether  the  hekcopter  structure  could be  expected to malntaln i t a  structural 

arbcle  damage waa lirmted  and  the  fires would become  progresslvely  more  intense  and 
damaglng 

The 2 4-gallons-per-rmnute  (gpm)  gasohne  flres  were  supphed 1OOl130 octane 
gaaolme by an omnihrectlonal  nozzle  Temperatures  were  measured by chromel-alumel 
thermocouplee  located  as shown in F i g  8 

forward of the  rear  center  fxrewall, 6 Inches  above  the  engme  dlaphragm,  and 2 rnchea in- 
The first of th la  aerles of fmes  was  supplied  fuel  w~th  the  nozzle  placed 6 Inches 

board of the  nacelle  skin  Temperatures  recorded  durlng  thls  test  are shown graphically In 

plctures  taken  durlng  these  testa disclosed that  flames  were  forced by the  engme  coohng  fan 
Flg  9. Abnormally hgh  temperatures  were  recorded m the rear  fuel  compartment Moaon 

through  leaky  compartment  seals  that  had  burned  through  durlng  prevlous  flres 

forward of t h e  rear  center  flrewall, 6 Inches  above  the  englne  shroud, and 6 Inches  Inboard of 
The  second  flre of thle serles  was  aupphed  fuel wlth the  nozzle  placed 12 Inches 

the  nacelle  akm  The  temperatures  during t h s   t e s t   a r e  ahown graphlcally 1n Flg 10 These 
results showed  that ma-urn temperatures  occurred 18 seconds  after the flre  was  lgnlted 
The  engine cowl temperature  was  conslderably  lower wlth the engme  operatlng.  as  the 
coohng  fan  forced  the  flre below  the englne  cowl 

nacelle  shn. The temperatures  recorded  durlng  thls  test  are shown graphlcally In Flg 11 
of the  rear  center  firewall, 6 Inches  above  the  engme  shroud,  and 2 mches  Inboard of the 

engine  not  operatlng  The rear  fuel-tank  compartment  had no appreclable r1se In temperature 
These  results  Inhcated  that  temperatures of all mstrumented  surfaces  were  lower  mth  the 

when the  engine  was  not  operated  Vlsual  observatmn  lndlcated  that  the  flames  were  distrib- 
uted  enbrely  throughout  the  power  sectlon and were of greater  lntenslty  than m previous  flres. 

englne 8ect1on 
These  visual  observabons  were  corroborated by the  measured  temperatures  mthln  the 

The third  fire of thls series was  supphed  fuel wth the nozzle  placed 1 8  Inches  forward 
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ommdnecbonal  nozzle  placed  between  the No. 7 and 8 cylinders. am s b m  LP Fig 12. The 
3  0-gpm  flow rate  was  determined by breaking  the main fuel  supply h e  and  measuring  the 
rate of flow It  then  was  asaumed that tbm rate  would produce  the  most  severe  fuel-fed  fire 
that  could  be  expected ~n the  power  sechon.  Temperature  measurements  were  recorded  at 
the  vanous  locations shown m Flg.  13  and  ksted 1p Table V. 

and  the  englne  not  operatmg  The  temperatures  recorded  durlng k s  t es t   a re  shown graph- 
ically in F l g  14,  and  damages are   hsted in Table VI These  reaults  mdxated  that  the 
hlghest  ambient  temperatures  were  measured UL the area  surroundmg  the  fuel  nozzle. 

after  the  fuel to the  fire  was  shut off This  sample wam analyzed by a Mine Safety  Apphance 
Cabrn mr  contamlnatlon  was  checked by analyzlng a sample of c a h n  air immehately 

C o  carbon  monoade  detector,  Type  B-1,  whch  Indicated  a 0 02-par-cent  concentrauon in 

The 3 0-gpm  gasoline  fires  were  supphed  100/130  octane  gaaollne by the 

The f i r s t  of these  fires  was  lgmted with the  hehcopter  slmulatlng  autorotative flight 

Fig 9 Temperatures  Recorded  During  a 2.4-GPM Gasollne Flre 
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TABLE V 

LOCATION O F  THERMOCOUPLE  PICKUPS IN H-5A HELICOPTER 
DURING  3.0-GPM  GASOLINE FIRES 

Thermocouple 
Nun be r 

T-1 
T-2  
T -3 
T -4 
T-5 
T-6 
T-7 
T-8 
T -9 
T-10 
T-I1  
T-12 
T-13 
T-I4  
T-15 
T-16 
T-17 
T-18 

Locatlons 

Carburetor  alr  Intake 

Near  lower  rlght  rear  tr-mlsslon  mount 
Near m a n  drlve  shaft universal joint 

Bottom center of left-hand  engine  panel. 
Bottom center of rlght-band  engme  panel 

Mldway  between No 2 and 3 cylmders 
Mldway  between No 8 and 9 cyllnders 

Near  rubber  mtercylinder  dram  hose from N o  6 cylmder 
Rear  fuel-tank  compartment 
Two inches  forward and at  center of rear  firewall. 
Two lnches aft and at  center of forward  firewall 
O m  inch  from No 3 intake  manlfold 
One mch from No 6 intake  manifold 
Midway  between  oil  coolers 
Mldway between carburetor and magnetos. 
Near  maln  fuel pump 
One inch  from  engine  mountmg  structure 
Forward  lower  part of accessory  sectlon 
Upper right center tubular support of mam  gear box 

Upper nght  rear  tubular  support of maln  gear box 

Upper  left  front  tubular  support of main  gear box 

Rqbt   rear   center   sect ion of  tvbular  structure 

and  transmlssron  mount 

and transmission  mount 

and transmission mount 

** [MI Metal  temperature 
* A) Ambient alr temperature 
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Flg 11 Temperatures  Recorded  Durlng a 2 4-GPM Gasollne F ~ r e  

In the  cabln  area  The  detector  chart  lndlcated  that thls concentratlon would not  affect 
personnel  appreclably  unless  they  are  exposed to such  concentratlons  for a perlod of at  least 
1  hour 

The  second of these  frres  was  ignlted  wlth  the  helicopter  smulatlng  autorotatlve  flight 
and the  engme  runnmg  for  the  first 42 seconds,  at  whlch  tune  the  englne  was  stopped  The 
damaged  areas  are  descrtbed In Table VI1 and a re  shown plctorially as the  shaded  areas In 
Flg  15 Temperatures  measured  durlng  this  test  are shown graphically in Flg 16 These 

of the  fuel  nozzle 
results  showed the hlghest  temperature of 2.200' F to have  been  measured  in  the  vlclnlty of 

The  thlrd of these  fires, of 5 mlnutes'  duratlon, was  conducted  to  determlne  the  extent 
of damage  that  might be expected of a  most  severe  flre  The  5-mlnute  period  was  calculated 
as  the  tlme  necessary to make  a  controlled  autorotatlve  landlng  from 10,000 feet  Thermo- 

metal  surface  temperatures of the  mam  gear box  and rotor  supportmg  structure  Avlatlon 
couples  T-19  through  T-22,  llsted  in  Table V, were added for  thls  test  to  obtaln  addltlonal 

gasollne. 100/130 octane,  was  supphed at the rate  of 3 0 gpm by the spherlcal  nozzle  located 
near  the No 7 cylinder  for a period of 5 mlnutes  The  hellcopter  englne  was  operated  for  the 

Fig 1 2  Spherical  Fuel  Nozzle  Located  Near No 7 Cylinder 
Used  to  Supply  Fuel  for  5-Mmute  Flre 



17 

TABLE VI 

DAMAGE INCURRED TO H-5A HELICOPTER 
DURING A 3 U-GPM GASOLINE FIRE 

WITH ENGINE NOT OPERATING 
(See  Fig 15 for  Pictorial  Presentation) 

Aluminum 

Area  Damaged  Area  Thickness 
Skin 

Locabon of Damage 
(Inches) (inches) 

A 5 by 22 0 030 Oil duct 

B 4 by 8 0 060 Spinner  and  spider  section 

c 16 by 18 0 060 Skirt secticn of cowling 

D 6 by 7 0.040 Lower  rear  portion of 

oi englne cowliq aaseuxbly 

M S m b l T  

forward fpel-tank pane1 
(right-hsad slde) . 

flrst minute of the  teat  fire and  then  shut down Fire  damage la l b t ed  in Table VLLI a d  a 

this  test  are  shown graphically In F q  18 The  helicopter, prior to this 5-mimrtc fire, is 
pictorial  presentation of the  damaged  are-  is   shwn  in  Fig I 7  T e m p e r h r e s   r e c o r d e d  during 

shown in Fig 19 The  damage  incurred by the 5-mimrte  fire is shore in Figs 20 and 21 
Flame  impingement  past  the  stainless  steel  panels  burned a hole through tke alumimnn sHn 
of the  fuel and oil compartments A section of the  oil taBL also wan burned awar The oil 
contained wthin the tank did  not ignite. apparently.  the main body of oil  dissipated  the  heat 

F1g 13 Thermocouple  Locatioae  Used  for 3 0-GPM Gasollne F i rea  
Shaded  Areas Shov Damage  Caused by Flrst 3 O - G P Y  Fire. 
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Fig 14 Temperaturea Recorded During Ftrat 3 0-GPM Gasoline Fire 

." 
Y &2-&" -"- -I 

Fig. 15 Shaded Areas Shoving  Damages  Caused by Second 3.0-CPM 
Gasoline F'rre 
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TABLE VI1 

DAMAGE  INCURRED  TO  H-5A HELICOPTER ~~ 

DURINCA  3 0-CPM GASOLINE FIRE 
OF I-MINUTE DURATION WITH ENGINE OPERATING 

(See FLg 13 for  Plctorlal  Presentatlon) 

Alumlnum 

Area  Damaged  Area  Thlchess 
Skin 

(inches) 
Locatlon of Damage 

(Inches) 

A 5 by 22 0 030 Alr cooler  duct 

B 12 by 18 1/2 0 060 Skmt  sectlon of cowllng 

C 3 by 6 0 040 Batter  and  hydraullc  pressure 

D  3 1/2 In  dia 0 040 Alrghtlng gear falrlng 

E 1  by 4 0 040 Recogmtlon  lights  panel 

assembly 

panel  (right  hand). 

(rlght  hand) 

( rlght  hand), 

Flg 16 Temperatures  Recorded  Durmg  Second 3 0-CPM Gasoline Flre 
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Fig 17 F i r e  

TABLE VIII 

LOCATION OF DAMAGE INCURRED TO  H-5A HELICOPTER DURING 
A 3.0-GPM  GASOLINE FIRE O F  5 MINUTES' DURATION. 
ENGINE OPERATED DURING FIRST  MINUTE OF FIRE 

(See  Fig 20 for PLctorial  Presentation) 

Area  Damaged  Area 
(inches) 

A 3 by 7 

B 14  by 21 

C 3 by 4 

D 9 by  13 

E 5 by 12 

F 3 by 12 

c 

Aluminum 
Skin 

Thickness 
(inches) 

0 125 

0.040 

0 040 

0.040 

0 060 

0 060 

Location  of  Damage 

Oil  tank 

Rlght-hand supporting panel 
for center  cone 

Right-hand  rad10  panel 

Rlght-hand  support panel 
for bottom cone 

Spinner and spider  sectron 
of engine  cowlmg  assembly 

Right r e a r  sklrt of cowling 
assembly 

Minor  damage around f i re  
M Z Z h  

H 3 by 6 0.060 Upper  left  section of cowllng 
assembly 

Oil  outlet  hose. Hose 
burned  through  causmg 
small  leak. 
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Fig. 18 Temperatures Recorded Durlng 3 0-EPM Casollae Flre of 5 Mlnutes' Duratlon 
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Fxg 19 Stalnless  Steel  Panels  Used  In  5-Mlnute  Flre 

FIRE-RESISTANCE  STUDIES OF THE ACCESSORY SECTION 

englne  operatlon and components  The  englne  was  operated  durlng the inlttal  moments of the 
test,  however,  the  rubber  material  covermg  the  Junctlon of the  carburetor alr ductlng  was 
qulckly  burned  away and the  charred  resldue  entered  the  carburetor  Intake  causlng  englne 
fallure 

Inoperative  Materlals used to seal the  forward  flrewall  burned  away  rapldly  at  places  where 
the  controls  pass  through  the  openlngs  into  the  space  normally  occupled by the  forward  fuel 
tank 

melted,  causmg  faulty  rgnitlon  The  flexlble  shleld  covermg  the  wire  was  not  damaged  to  any 
Rubber  lnsulatlon on w l r m g   r s l d e  the top and  bottom  lgnltlon  harness  manlfold  was 

Fires  were  Ignited  m  the  accessory  sectlon to determine  the  effect of small   f ires upon 

Crltical  englne  controls  such  as  bell-crank and puh-rod  mechanisms  were  not  made 

Flg 20 H-5A Hellcopter - Damage  Caused by 3 0-GPM 
Gasohne  Flre of 5 Mlnutes'  Duratlon 
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F l g  21 H-5A 011 Tank Comparhen t  Damage  Caused by 3 0-GPM 
Gasollne  Flre of 5 Mlnutes'  Duratlon 

I f  the Y 

longer 
great  extent  More  than 60 flres of short  duratlon had  been  ignlted  m  the  reglon c 
harnesses  before  the  ensme  became LnoDeratlve  due to  therr  fallure One f i re  of I 

tlrmg 
- duratlon 

posslbly could have  caused  an e a r h e r  englne  fallure 

section The starter  motor  falled,  due  either to overload  caused by dlfflcult  startlng.  over- 
heatmg  caused by Its fireproofing Insulation, o r  by fire  damage  The  magneto faxled from 

maJor  damage 
f l re  damage  Examlnatlon of the  tubular  structure  supporting  the  motor  dlsclosed no apparent 

The  englne  startlng  motor and rlght  magneto  farled  after  several  fires In the  accessory 

CONCLUSIONS 

1  The  best  locatlon  for  a  flre  detector In the  engine  power  sectlon was found to be 
locatlon C ,  shown In Flg 6 and descrlbed  ln  Table I1 

2 The best locatton for a  flre  detector In the  englne accessory  sectton  for  normal  fllght 
was found to be locatlon E ,  shown In F l g  7 and descrlbed  in  Table IV However,  an  addltloaal 
flre  detector  must be added across the aft opening of t h ~ s  sectlon If fire  detectlon IS deslred 
durmg  autorotatlon 

3 Flames  from  an  engine-compartment  flre wll l  endanger  the r ea r  fuel-tank and 011-tank 
compartments 

4 Fuel  llnes. 0x1 lmes. and hydraulic llnes  constructed of alummum or  some  less  f lre- 
reststant  materlal  are  rapldly  destroyed. allowlng  flammable  fuels to be released  for  burning. 

5 The  llmlted  fire  reslstance of englne accessories permlts  the  englne  to  operate  for 
only  a  short  period  followmg  an  accessory-sectlon  flre 

6 The H-5A helicopter  most  likely w ~ l l  malntaln  structural integrity for 5 mlnutes d 
subJected  to a gasollne-fed ftre of 3 0 gpm 

7 Carbon moMnde  concentratlons found In the  cabln  air  should have no appreclable 
effect on personnel 


