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INTRODUCTION 

Although it i s  too e a r l y  to say which aerodromes i n  t he  world will need 
t o  be capable of accommodating turbo-jet  o r  turbo-prop c i v i l  t r anspor t  air- 
c r a f t  a s  a regular rou t ine ,  the  time i s  r i p e  f o r  considering how the  advent 
of such a i r c r a f t  i s  15kely t o  a f f ec t  aerodrome design, construction and 
equipment. By at tending caref'ully t o  such matters now, it may prove poss ible ,  
on t h e  one hand, t o  avoid cos t ly  mistakes when new aerodromes are being 
constructed o r  ey i s t i ng  aerodromes improved and, on the  other  hand, t o  ensure 
t h a t  aerodromes a r e  -ade ready i n  good time t o  accommodate turbo-prop and/or 
tu rbo- je t  aircraf't, a s  and when they a r e  introduced i n t o  regu la r  air t ranspor t  
operations,  

Su f f i c i en t  information has now been col lected through mi l i t a ry  f l y ing  
experience, supplemented by a l imi ted amount of development f l y i n g  by c i v i l  
turbine-engined t ranspor t  prototypes, t o  permit l i s t i n g  a number of turbine- 
en,.;ir;ed a i r c r a f t  performance, s t ruc tura l ,  engine and operat ional  character-  
t s t i c s  t h a t  may need t o  be talcen i n to  account i n  aerodrome design and equip- 
rnent. P a r t  I of t h i s  c i r c u l a r  presents these  cha rac t e r i s t i c s  and ind ica tes  
i n  connection with each t he  ~ e n e r a l  elements of aerodrome design and equipment 
l i k e l y  t o  be affected,  

Nore d i f f i c u l t  i s  t o  determine what d i r e c t  or  i n d i r e c t  e f f e c t  each 
f a c t o r  i s  going t o  have on aerodrome cha rac t e r i s t i c s  and equipment, and 
having done so, t o  determine what action,  if any, should be taken. To assist 
those seeking a so lu t ion  of t h i s  l a t t e r  problem, and a l so  t o  st imulate thought 
on t h e  subject ,  a commentary based on se lec ted  elements of aerodrome design, 
construction and equipment i s  presented i n  P a r t  I1 of t h i s  c i rcu la r .  The 
possible  e f fec t s  of f u t u r e  changes i n  air  t r a f f i c  control  technique upon aero- 
drome design a re  not  covered because solut ions  t o  control  problems introduced 
by turbine-engined a i r c r a f t  have not y e t  been f u l l y  developed. 

I n  p r e p a r i n , ~  the  contents of ?art I, the  Sec re t a r i a t  has drawn upon 
statements by experts  i n  t h i s  special ized f i e ld ,  made a t  t he  I A T A  Turbine- 



Page 6 XCAO Circular 17-L~/L !+  

engined Ai rc ra f t  Symposium (18 and I? May 1950 - Bsbury Park, New Jersey, 
U . S . A . )  and, upon views presented i n  l e c tu r e s ,  a r t i c l e s ,  e t c ,  t h a t  have 
appeared i n  full o r  have been repor ted upon from time t o  time i n  t h e  aero- 
nau t ica l  and engineering press.  I t  is  no t  claimed t h a t  information thus 
co l lec ted  and assembled is  complzte; nor are a l l  the  data  guaranteed accu- 
rate a t  t h e  t i m s  of p r in t ing :  the  f a c t  t h a t  f r e sh  evidence and data  are being 
accumulated da i l y  precludes com;3leteness or accuracy. Those who a r e  able  t o  
contr ibute  addi t ional  information o r  sug:estions &re i nv i t ed  t o  c o m ~ n i c a t e  
t h e i r  vi ews t o  ICAO i-Ieadqilarters . 
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THE EFFECT OF TURBINEPOWERED CNIL AIRCRAFT 
ON THE DESIGN, CONSTRUCTION AND EQUIPMENT 

OF LAND AERODROMES 

PART I,- PERTINENT FACTORS 

1. - AIRCRAFT PERFORMANCES 

1.1.- Take-off distance and methods of acceleratina take-off 

Some manufacturers believe that requirements fo r  main runway basic 
length i n  the case of turbine-engined a i r l i n e r s  are  dependent upon the 
landing distances, while others believe tha t  the take-off distances a r e  
more l ike ly  t o  remain the l imit ing factor. Normally, i n  the operation of 
modern conventional c i v i l  transport a i r c ra f t ,  the accelerate-stop distance 
i s  the determining fac tor  of the runway length; exceptions occur where the 
available take-off power of a i r c ra f t  i s  appreciably higher than the minimum 
take-off power required by regulations. 

Since turbine-engined a i r l i n e r s  have t o  f l y  a t  greater a l t i t udes  than 
present day piston-engined a i r l i n e r s  t o  achieve economic operation, t h e i r  
climb performances must allow for  adequate margins a t  such high al t i tudes.  
The power and wing loading required for  these climb performances appear a t  
present t o  be such that ,  a t  sea level, under standard atmospheric conditions, 
turbine-enqined a i r c r a f t  automatically w i l l  have take-off character is t ics  
that ,  i n  respect of required maximum runway length, are  not much d i f fe rent  
from those of piston-engined a i r c ra f t ,  

There is no reason t o  believe tha t  longitudinal runway slopes o r  wind 
speed w i l l  have any more ef fec t  on the take-off of turbine-powered a i r c r a f t  



than they ?o on t h e t  of comprable recipr90cGting-enginec! ::irclaft. There i s  
evidence, however, t h a t  the  e f f e c t  of ~ i r  c'lensity -?ill be considcr'a.bl y grett-er 
on thc t ~ k e - o f f  distance of turbo-jet  and turbo-prop bircrcift t h n  nn +,lose 
\ i t h  rcciprcczt ing engines, Such probable developcents t*s i n c r e ~  s?c: cn,-inc: 
operating temperatures w i l l  tend t o  m ~ k e  turbine-encined e i r c r ~ f t  s ~ ~ ~ . ? 1  .-.ore 
s cns i t i v s  t o  lo\* z i r  densi ty  b-o~.l;ht about by high o t-.oep:-eric ter:>er: tu:-e 
?ncl hish aerodrolle elevation.  It hcs been forocrs t  t h a t  the ~ p p l i c :  t jori  of 
f u l l  "temper& ture  accountabi l i tyn when c&lculating the tske-off d i r t , a n c : ~  o f  
r. SC, CGO - 75,COO 1-g. (1C0,000 - 150, OGO Ihs. ) turbo- j e t  a i r l i n c ? ~  l ~ o l ~ l . c i ,  :lnc:e~ 
edvesse conditions, r e s u l t  i n  an increase of LS ! t?ch a s  50% i n  t h e  r*zr8~*ir.(?,i 
ruzx::ay length, a s  corpared i t h  t h a t  f o r  take-off under s t tndard ses levr:l 
at,mos~'.c-.ic co* t- l t ions;  t h i s  tcnc'cncy c: n, 50. c:vc:r., Ite o l i ' sc t  i,o 2or.c. c -1c:rit 
by thc  u ~ c  01' ~ ; l t e r /ne thanol  in jec t ions ,  It : ould not he surpr-ising t o  5 ?c 
rocket  en,:ines o r  so l id  fue l  rockets ,'ittcc! t o  j e t  +irl inr:-s ,  T.O of f f i~ t ;  t i l t ?  

increuse i n  take-off dist,bnce thc.t uo~:l.c, occur z t  : eroc'i-orrzs !,?ie:,:3 . i r  ,icns ity 
i s  low, 

Note ,- Aerodrom c h ; r ~ c t e r i s t i c s  gncl equipriient a l fected:  Y"xx r ~ y  length,  __. 
s u r f m e  and construction. 

1.2.- LtAnciin~ uistirnce hnd cethoaa f o r  Lecelexxittin6! uircrei ' t  r ftciz. I :;11(iilig 

I f ,  LS some nanufticturers predic t ,  ~ . i n g  lorciings of turbine-cn&;i~ieci 
b i r c r s f t  do A ~ o t  exceed those of e o u i v ~ l e n t  present d2y  r eciproc' tiilg-engined 
~ i r c r a f t ,  .?he landing require:nerl t s  of turbo-prop ~ i r c r c  f t should be coq-put blo 
t o  those of exist iry;  reciplaoccti;q -enk;ined t i rc ru , ' t .  

Unless the 1.i.n~ loaaings of t .~irbo-jet ~ i r c r t ~ f t  tire loi!er thcn tllose of 
eq1:ivalent rcciproct  ting-engineri 4 . i r c r t  f t  (a t (>end tL; t t  s o ~ e  :~t nuf'ictlii.c:s 
considel- p r o b ~ b l e  i n  vie1 of higher climb md clt.ituc7,e rcquirccen:.~ of ''i~e 
former) lcnc-.i:~,r tiistances a r e  l j k e l y  t o  be ,;re; t z r  s ince  the?$ are no pro- 
p e l l e r s  tc~ rcver*se and since rever8sible j e t s  - or  th2 e q u i v ~ l e n t  - ;.;I-: not 
expected for sorie t i r ~  t o  corns. It . - ~ y  *vi~e-.cEorc. be necesskrj- t o  se~ : -  other  
%ems  of decelera t ion,  Parschutes r i e h t  possibly be f i t t e d  t o  the t a i l z  of  
some j e t  k i r l i n e r s ,  which i t i rh t  be re ler  sed o s o normal por t  of thr! lond!.ng 
o p e r ~ t i o n ,  or  n ight  be used nnly to  prodvc- t~dc l i t iond  decoleretion i n  cose 
of emergency. Such br tking p:-.r.r chutes hive been succt~ssfull.y t ea  tr-2; t ? ~ e y  
open fu3.ly i11 ? seconds; they (10 not cirt  long the  grounc! and t,_llcr'eforf do 
not t e a r  i)y ccntect  ;.-ith the  r-.may surf:  cs; t o  rcpack then h f t r ~  11s' is 8 
cor!ptro t i v s l y  s i i -p le  operi t i o n *  knother. poscihle fu ture  methoc. of p~ ~v. i ( i?? ig  
d t c e l e r  t i on  f i  .Z i t iona l  t o  t ha t  prodi~c+:d 1);. %.?me1 brakes i s  t h e  L'jttinl: of 
so l id  f ~ i c l  rocket; or  rocket  r;otore t h ~ t  cpn be f i red  forbard i n  t i i t :  dit.c.ction 
of  the l e n d l n ~  run. A l l  tilt se iuethods \.ill reduce lending ciistznccs b u t  i t  
i s  not c e r t a in  \,nether r c l ; u l ~ t i o n s  on pe.r*;'oz3r?cnca r e ~ ~ i r e m e n t s  1 i l l  &?flit of 
t h e i r  use i n  es tab l i sh ing  spec i f i c  ~ i r c r t ~ f t  perfor!mnces. 



ICAO Circular 1 7 - ~ ~ b 4  Page 9 

Note.- Aerodrome character is t ics  and equipment a f f a e t d s  Runway lengths, 
surface and construction. 

1.3.- Climb a f t e r  take-off 

A s  a general rule, the best  ra te  of climb achieved by j e t  a i r c ra f t  w i l l  
be greater than the best r a t e  of climb achieved by reciprocating-engined a i r -  
craf t .  It may consequently be assumed tha t  specifications concerning clearing 
and marking of obstructions i n  the approaches, i f  acceptable fo r  conventional 
a i r c ra f t ,  w i l l  a l so  be sui table  for  turbo-engined a i rc raf t .  

Note - Aerodrome character is t ics  and equipment ~PTqctedr Approach -* 
surfaces. 

2.- AIRCRAFT STRUCTURES 

2.1.- Aircraft  loading and unloading 

Because turbo-jet and turbo-prop a i r c r a f t  have t o  be operated a t  high 
a l t i t udes  fo r  econow, t h e i r  cabins and crew compartments have t o  be 
pressurised t o  a d i f f e ren t i a l  of as  much a s  6 grs. per mm2 (9 lbs.  per sq. 
in.); with d i f f e ren t i a l  values a s  high a s  th is ,  the design of safe a i r -  
t i g h t  doors becomes complicated. Although the passenger, f re ight  and mail 
loading and unloading doors provided od contemporary c i v i l  a i r l i n e r s  usually 
open outwards, the future trend may be towards inward opening. Furthermore, 
the tendency t o  fit shorter  undercarriages, thus reducing s t ruc tura l  weight, 
w i l l  probably increase. A subsidiary r e su l t  of t h i s  change w i l l  normally be 
a lowering of cabin entrance doors. 

Note - Aerodrome character is t ics  and equipment affected: Aircraft  -* 
loading equipment and apron design. 

3,- ENGINE CHARACT@RISTICS 

3.1.- Type of f u e l  used and l i a b i l i t y  of s p i l l a a  

It is possible tha t  kerosene w i l l  be preferred i n i t i a l l y  t o  gasoline 
a s  the fue l  for  turbo-prop and turbo-jet engines i n  c i v i l  transport  a i r c ra f t .  
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Both f u e l  d i s t ~ i b u t o r s  and a i r l i n e  operators f e e l  t ha t  kerosene i s  l i k e l y  t o  
prove more economical, as well as  safer,  than gasoline; at the present time, 
the former costs about 5# per U.S. gallon l e s s  than the l a t t e r  a t  any given 
place i n  the world; furthermore, d t h o u ~ h  kerosene i s  not a llsafety fuel", 
it has a t  l e a s t  one charac ter i s t ic  t h a t  renders it safer  than gasoline, 
namely i t s  lower r a t e  of flame propagation. 

I t  appears tha t  the time when pressure refuelling from under-wing 
posit ions beaomes c o m n  pract ice i s  l i k e l y  t o  be advanced by the  advent of 
turbo-engined a i r l ine r s ,  because of the quant i t ies  of f u e l  t h a t  have t o  be 
delivered t o  the tanks, which are larger than those of cornparable present 
day a$rcraft. Long range a i r l i n e r s  of approximately 50,000 lcgs (100,000 Ibs.)  
gross weight w i l l  have f u e l  tankaze f o r  25,000 o r  more 14 t re s  (nearly 
6,000 b p .  gals. o r  '7,000 U.S. gals.), Maximum refuel l ing r a t e s  fo r  contem- 
porary j e t  prototypes a re  of the order of 800 l i t r e s  (200 gallonsj per 
minute, but are  l i a b l e  t o  increase i n  future t o  a somewhat higher value. 

It i s  understood t h a t  the provision of 20,000 l i t r e s  (5,000 Iap. gallor s) 
QS over capacity refuel l ing tankers i s  envisaged a t  a l l  aerodromes d o n g  rout- 

which a i r c r a f t  having four turbo-jet engines w i l l  operate. A t  some su-h 
aerodromes, hydrants from which the refuel l ing tankers can draw fue l  or from 
which a i r c r a f t  can be fue l led  direct ,  a re  t o  be l a i d  i n  su i tab le  posits.ons 
on the apron (ramp), 

Sozne f u e l  may be s p i l l e d  td~en engines a re  being s tar ted,  particularly 
wllerL one turbine fails t o  start immediately. Opinion d i f se r s  a s  t o  whether 
o r  not appreciable quant i t ies  a re  sp i l led  when th ro t t l e s  a r e  closed suddenly 
o r  when they are opened. This defect is expected t o  diminish i n  t h e  ;'u+;ure. 
Spillage of f'uel has a detrimental e f fec t  on bituminous pavement, i f  con- 
tinuous cycles of' sp i l lage  and passage of a i r c r a f t  occur; no e f f e c t  has been 
ascertained on concrete pavements except on jo in t  materials (research on 
asphalts, tar and bituminized l a t ex  compounds is  i n  progress but no definite  
solut ion baa been advocated) . 

Note.- Aerodrome charac ter i s t ics  and equipment affected: Apron design, 
surface and construction; t a x i w a y  and runway surfaces; re fue l l ing  and crash- 
f i r e h e s c u e  equipment. 

e t a k e s  of tur turbe t  and turbo- 
prop e-na 

Neither water nor snow appears t o  do any harm when it enters  the a i r  
intake of a turbo-jet or a turbo-prop engine. Debris such as small stones 



I C A O  Circular  ~?-ATJ/? X Page 11 

on the  surface of the  landing a rea  and pieces of pavement t h a t  have become 
dislodged from t h e  surface of a runway are ,  however, l i a b l e  t o  cause consider- 
able  i n t e r n a l  damage i f  sucked i n t o  the  a i r  intake,  which has been known t o  
happen. 

Note.- Aerodrome cha rac t e r i s t i c s  and equipment affected:  Apron, t ax i -  - 
tray and runway surface  construction and maintenance. 

3.3.- Effect  of j e t  blast on ~avamsnta.and adjacent ~rQund 

This e f f e c t  depends on the  following factors :  a )  t n e  of j e t  used; 
b) height of the  j e t  above the  pavement surface; 6 )  p i t c h  of j e t ;  d )  period 
o r  gas act ion on the  pavement. 

a) The influence of the  type of j e t  used i s  conditioned b;. the 
diameter of t he  exhaust nozzle, and by t he  temperature of t he  hot  
gases a t  t h e  exhaust nozzle. From the  ex i s t i ng  types of j e t s ,  it c8n 
be presumed t h a t  these two parameters w i l l  not  vary very m c h  i r _  t h o  
near fu tu r e ,  The diameter of the exhaust nozzle i s  about 40 cen t i -  
metyes (16") and t he  temperature a t  the  e x i t ,  a t  f u l l  power, is  z'clout 
7000C (12000F). A t  reduced power, the  temperature w i l l  be l e s s  ; f o r  
example, 3900C (7500F) a t  60% of t he  full power. 

b )  The height of t he  j e t  above the  surface  var ies  with tyyes 
of a i r c r a f t .  I n  t he  c i v i l  type of a i r c r a f t  equipped with t r i c y c l e  
u-ndercarriages, t h i s  height w i l l  not  be l e s s  than 3 f e e t .  

c j  The p i t ch  of the  j e t  i s  qu i t e  s teep  i n  the  case of f i g h t e r  
a i r c r a f t  equipped with tai l-wheel undercarriages, but, i n  c i v i l  cir- 
c r a f t  equipped with t r i c y c l e  undercarriages, the  j e t  centre  l i n e  w i l l  
be approximately hor izontal ,  The p l teh  i s  va r iab le  according t o  t h e  
load d i s t r i b u t i o n  of the  a i r c r a f t ,  and it is  of course l e s s  w i t 3  a 
ful l  power t h r u s t  than a t  reduced power. The consequence is t h a t ,  
during take-off, t he  act ion on the  pavement i s  l e s s  than when t he  
a i r c r a f t  i s  motionless o r  taxying, 

d) This last  f ac to r  i s  dependent upon operat ional  requirenents.  

Velocity and temperature d i s t r i bu t i on  curves i n  the  j e t  wake of a 
nozzle have been established.  From these curves it can be ascer ta ined 
t ha t ,  i n  the  case of l a rge  turbo- je t  a i r c r a f t  a t  fill power, the  h o t t e s t  
po ix t  a t  t h e  pavement l e v e l  i a  about 12 metres (40 f e e t )  d i r e c t l y  t o  t 3 e  
r e a r  of the  j e t  pipe. A t  t h i s  po in t  on the  ground, the  temperature i s  
annroximately 14O0C (250°F), and the  gas ve loc i ty  80 metres (270 f e e t )  per 
second. A t  a point  on the  surface 30 metres (100 f e e t )  from the j e t  pipe, 
t be  temperature has decreased t o  about 55O~ ( 1 0 0 0 ~ ) ~  and the  ve loc i ty  to 
21 metres (70 f e e t )  per second, 
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The temperatures observed a r e  s u f f i c i e n t l y  high t o  develop some p las -  
t i c i t y  i n  bituminous pavement; i n  cases  where the  app l ica t ion  of the  ho t  
b l a s t  of gas i s  prolonged, it has been observed t h a t  t h e  surface of the  
bitwnirlous pavement has a def in i te  flow and it may be scoured by the  passage 
o f  another a i r c r a f t .  However, under normal operating conditions, it has 
been proved t h a t  damage t o  bituminous pavement is  l e s s  i f  t he  s e a l  coat  ;.s 
t i g h t  and i n  good condition. On concrete pavements, ne i t he r  the  heat  nor 
tJ:e b l s s t  produced by t h e  j e t  engine has any dest ructfve  e f f e c t  if the  
c o ~ i c ~ ~ t ~  i s  of good qua l i ty .  The gradient  of temperature between the  rl-::r:er 
nncl 1o:rer surfaces of the  comre t e  s l a b  i s  of course g rea te r  than t h a t  
cmzsod by var ia t ions  of atnospheric temperature, but  t h e  a f fec ted  port ion 
o f  the  nave~nent i s  very small, 

The problem may, however, assume more ser ious  proportions i f  and when 
rocliets or  rocket  engines a r e  used t o  assist take-off o r  t o  decelera te  sir- 
crzd't that have landed, o r  even i f  jets of much higher power thm those i n  
izse Pcr my p'iipose today a r e  i n s t a l l e d  i n  aircrzlf t ,  i n  such a Fray t h a t  -L!ioir 
~ x e s  a r e  incl ined a t  an angle t o  the  hor izontal  t h a t  causes b l a s t  t o  be 
d i rec ted  a t  a point  on the  gound c lose  t o  the  e x i t  of t he  pipe. 

As far a s  grass-covered surfaces  a r e  concerned, when j e t  engines are 
m . i - u ~  f o r  t e s t  purposes on o r  near them, the  grass f o r  about 30 metres 
(100 f e e t )  behind t h e  j e t  pipes i s  burned and scorched, bu t  the  ground 
itself i s  not p i t t ed .  

Fate,- Aerodrome cha rac t e r i s t i c s  and equipment affected:  Apron, 
tcxit~ay and p a r t i c u l a r l y  runway surface  and construction, and a l so  surfcce 
of  gro:~nd adjacent t o  aerodrome pavements. 

2& - En r;_iLne star ti, 

Persons should always keep a t  l e a s t  2 metres (7 f e e t )  away from the  
iritalres of turbo- je t  engines t h a t  a r e  being s t a r t e d  up o r  a r e  running. 
Elhen turbo-prop engines a r e  being s t a r t ed ,  the  " d r i l l t t  i s  t he  same a s - i n  
tIie c:s:;e or" reciproc;lting engines. 

Current tu rbo- je t  and turbo-prop engines a r e  s t a r t e d  through i n i t i a !  
ro ta t ion  by e l e c t r i c  s t a r t e r  motors with power f o r  t he  s t a r t e r s  provided 
by an external  source. Any use of t he  i n t e rna l  b a t t e r i e s  i s  normally 
r e s t ~ j c t e d  t o  supplying e l e c t r i o a l  cu r r en t  t o  the  i g n i t e r  plugs and " w i ~ d i n ; ; "  
Ll  e " s t~ r t e r  tirningtt mechanism. However, the t rend i s  t o  use external   OW(?^ 

t o  surnly  complete " s t a n d s t i l l u  e l e c t r i c a l  requirements. The peak cur ren t  
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drawn i n  s t a r t i n g  an engine of approximately 1500 kgs. (3,000 - 3,500 l b s .  ) 
t h r u s t  i s  of t he  nature of 600 - 900 amps, However, the  duration i s  so shor t  
t h a t  f u l l y  charged i n t e rna l  b a t t e r i e s  w i l l  be able  t o  give a "startt1 the  sane 
a s  with present day t ranspor ts ,  It i s  indicated t h a t  external  aux i l i a ry  
power u n i t s  (APU' s )  w i l l  continue t o  be the  normal means of s t a r t i n g  as they 
a r e  required i n  any event t o  take other  s ta t ionary  a i r c r a f t  e l e c t r i c a l  loads ,  

There i s  a p o s s i b i l i t y  t h a t  Itgas s t a r t e r s f1  w i l l ,  i n  future,  tend t o  
replace e l e c t r i c  s t a r t e r s  fo r  the  l a r g e r  c lasses  of turbine ,  The question 
of whether t he  j e t  engines of c i v i l  a i r l i n e r s  ought t o  be s t a r t e d  on t he  
zsron, or a l t e rna t i ve ly  somewhere e l s e  on the  aerodrome a f t e r  the  d r c r z f t  
has besn towed away from the  apron, is a highly controvers ia l  one. If 
they are t o  be towed, t he  tow t r u c k  should ca r ry  a generator wh9ch would 
provide the  s t a r t  f o r  one of t he  engines. The o thers  could then be s t ~ r t e d  
from the  power produced by t h e  first engine i n  motion, However, i t  i s  a 
Tact t h a t  the  engines of ex i s t ing  prototype j e t  a i r l i n e r s  a r e  usua l ly  
s t s r t e d  on the apron, whence t he  a i r c r a f t  moves away under i t s  own power. 
It seems th6 t  no more than 2 minutes w i l l  be needed t o  start and f u l l y  
check a l l  four of  a c i v i l  a i r l i n e r ' s  j e t s .  

-,- Aerodrome cha rac t e r i s t i c s  and equipment affected:  &ron 3 r d  
taxitray design and s t a r t i n g  equipment. 

3.5,- Compressor whine and j e t  r oa r  

Compressor whine, which is g rea t e s t  i n  a 15O cone about the  t h r u s t  
l i ~ : e  and ahead of t h e  engine, i s  an annoying cha rac t e r i s t i c  of tu rbo- je t  
engines. Its magnitude is  l e s s  with turbo-prop than with turbo- je t  engi-ec; 
taking i n t o  account probable fu tu r e  developments i n  impellor design, the  
prospects seem t o  be t h a t  turbine whine generally w i l l  tend t o  become less 
r a the r  than more annoying. It should be pract icable ,  i f  and when necessary, 
t o  design detuning w a l l s  t h a t  would reduce compressor whine, but it seenis 
doubtful i f  the  construction of such w a l l s  could ever be jus t i f i ed ,  except 
:!ossibly around t he  test-beds i n  which turbine engines a r e  t es ted  after 
overhaul. 

The "roarf '  o i  turbo-jet  - but  not turbo-prop - engines which i s  
grea tes t  i n  a 45O ccne about the t h r u s t  l i n e  and t o  the  rear of the  engine 
niay be more troublesome than "whineu. Forward of t h i s  90° angle the noisc 
l e v e l  i s  usually very much l e s s .  Assuming t h a t  j e t  airliners are s t ~ r - L e d  
I I ~  on the apron where they have been loaded - as opposed t o  being towed 
away - it may be desi rable  i n  c e r t a i n  cases t o  incorporate b l a s t  walls thr-t 
de f l ec t  upwards the  hot .exhaust  gases emitted when t he  power necessary t o  
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acce le ra te  from a s t a n d s t i l l  to  taxying speed is  applied. I n  general, however, 
f u l l  power w i l l  not be applied on the  apron so t h a t  Voar"  may not  be too 
troublesome without b l a s t  w a l l s .  

Bote.- Aerodrome cha rac t e r i s t i c s  and equipment affected:  Apron design. -- 

,/,.l. - Procedure followed when. .proceeding., from apron t o  runwe2 

;%%ether a i r c r a f t  a r e  towed away from t h e  apron o r  t ax ied  o f f  under 
o ~ ~ v .  power, it may wel l  become standard prac t ice  f o r  cookpit checks 

t o  i ~ e  done whi ls t  taxying ou t  t o  the  take-off end of the  rirnway i n  use, 
This check, d ~ i c h  w i l l  include everything necessary p r io r  t o  take-off 
except run-up and f i n a l  check of the  engines, w i l l  occupy something between 
2 nr,d 4 minutes, If a i r c r a f t  about t o  depar t  a r e  taxied out  t o  t he  rr;nr;ay 
~ m d c r  t h e i r  own power, t h e i r  $peed kti l l  probably be a t  l e a s t  50 klm (33 :151c.:: 
an  kotzr, :rherever t he  cha?acter ie t lca  of the  taxiways pennit  such a w f - r , ' ,  
.', four turbo- je t  A r c r a f t  w i l l  normally consume something o v a  28 kgs. of f ue l  
: : c ~  klm (10,) I b s .  of f u e l  per  mile) taxied a t  a speed of t h i s  Order, 'I~LIs, 
t:.e ex tan t  t o  which t a y i n g  under j e t  power i s  acceptable a t  any rart ical: ir  
:-xodrome w i l l  usual ly  depend upon the  ac tua l  distance t o  be traversed be- 
tween tlic apron and the  end of the  take-off runway, Slow-running f u e l  
~:yct,ercs f o r  turbo-prop a i r c r a f t ,  which reduce consumption t o  approximately 
10:; of present values under normal power i n  ground running condit ions,  .?.re 
ex1)ected t o  be avai lable  sho r t l y  f o r  use when taxying slowly o r  waiting, 

biith tke power output employed when taxying, it s e e m  t h a t  nei ther  
C 5 c  :?(?;it nor tlle b l a s t  from turbo- je t  engines i s  lilcely t o  c r ea t e  a serio-is 
* . r ~ k l e m ,  except f o r  sho r t  sect ions  where the  speed of a i r c ~ a f t  i s  l i r i i t ed  
(s::LL'~~ c:iTves, runway crossings, e t c ,  ) . Aircra f t  operators zeneral ly  are 
:: ;:.i.-ir;t towing becrde? of t he  added eonlplication and t he  high c o s t  of the  
er13;3ar:r equipment. Vehicles spec ia l ly  designed f o r  towing a i r c r a f t  i n  

tl,$ 50,000 - 75,000 kgs, (100,000 - 150,000 l b s . )  bracket and equipped ~ 3 % :  
s t e r t i n j  and f i r e  extinguishing gear might cos t  as much as ?35,000 each, 
031 tl;e 9t'-BY' ha:?d, some a i r p o r t  operators a r e  anxious t o  see  a i r c r a f t  to:-k.3 
''11Rz from t h e  apron, and p a r t  of the  way out towards the  take-off end of 
t::r. punraay i n  use. The sp i l l age  of kerosene (or  ryasoline) whi l s t  r e f ? ~ e l l i n ;  
%:K! s t a r t i n g  up o r  stopping engines near the  main terminal buildinq is  
J:'~c..cby prevented; furthermore, noise and other  e f fec t s  t h a t  are l i a S l e  t o  
cc~use di~scorifort t o  personnel o r  t o  damage property a r e  obvfated, as i s  
; ; rerzote p o s s i b i l i k -  of danger t o  l i f e  and limb from a i r  in take  suctioil 

. ' s t  b l a s t ,  
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It has been suggested tha t  it might be desirable t o  bask taxiways a t  
locations where they enter  runways, i n  order t o  permit a i r c r a f t  t o  start 
the i r  take-off run with appreciable forward motion. It  is calculated tha t  
a ro l l ing  s t a r t  of 40 U ( 2 5  mph) shortens the take-off distance by about 
65 metres (220 f ee t ) .  It has also been suggested tha t  taxiways should be 
banked a t  all curves to permit higher taxying speeds. 

Note - Aerodrome character is t ics  and equipment affected: Apron design -* 
and taxiway length, transverse slope, changes i n  direction, 

4.2.- Procedure when clearance fo r  take-off i s  recei.ved 

Once a turbo-jet a i r c r a f t  is  cleared f o r  take-off by a i r  t r a f f i a  
control -,which clearance w i l l ,  it is hoped, be given to  the a i r c r a f t  when 
it is  taxying out t o  the end of the runway, thereby avoiding any delay tha t  
would lead to  undue fue l  consumption - it proceeds on the runway and stops 
i n  a convenient posit ion from which to  commence i t s  take-off. Against 
locked brakes, engines a re  then run up t o  f u l l  power and checked - a process 
tha t  takes approximately 15 t o  20 seconds i n  the case of 4 turbo-jets - 
a f t e r  which the brakes a re  released, with engines running a t  f u l l  power, 
and the take-off commenced. It i s  emphasized tha t  t h i s  i s  the first and 
only occasion, from the moment of s t a r t ing  up onwards, on which engine 
revolutions a re  increased t o  a maximum t o  give fill power. 

Note - Aerodrome character is t ics  and equipment affected: ~axiway/ -* 
runway design and surface. 
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P? 
LISTED IN PART I llRE LIABLE TO HAVE ON LAND AERODROME 

n T l  fin n n m n n T n m T n n   LIT^ n n t r r n r m n m  

1.1.- Basic length 

Theoretical  considerations appear i n  P a r t  I. Another f a c t o r  is t h a t  
a i r c r a f t  designers and operators  are  aware t h a t  t h e i r  turbine-engined m ~ d e l s  
w i l l  have t o  replace reciprocating-engined types on air rou tes  t h a t  a r e  al- 
ready provided with aerodromes t h a t  cannot be enlarged without ser ious  
economic, and, i n  some cases, technical  d i f f i cu l t y .  I n  other  words, they 
apprecia te  t h a t  t he  turbine-engined a i r l i n e r s  of the  fu tu r e  m u s t  be made 
t o  f i t  t he  ex i s t ing  a i r p o r t s  t h a t  serve t h e  air routes  over which they w i l l  
be operated. A s  a consequence, neither take-off nor landing dis tances  are 
expected t o  d i f f e r  markedly from the values applicable t o  t h e  corresponding 
reciprocating-engined a i r l i n e r s  i n  use at  t he  present time. 

1.2,- Amroach surface s lopes  

For t he  same considerations as those indicated i n  1.1, it can be 
expected t ha t ,  generally, approach s!opes l e s s  s teep than those recommended 
by I C A O  w i l l  not be required.  

1.3.- Allowances f o r  air densi ty  

A t  the  present s tage  of development of turbine engines, low air density 
brought about by high a l t i t u d e ,  high temperature, o r  a combination of the 
two, has a more adverse e f f e c t  on power output than it does on reciprocating 
engines. This was an t ic ipa ted  by the  ICAO .Aerodromes,Air Routes and Ground 
,Aids (AGA) Division, but  as in su f f i c i en t  information w a s  ava i lab le  on t h i s  
question a t  the time of t h e  meeting, t he  Division was forced t o  adopt 
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a " x l e  ~2 thw~b'' correction ior;.lutrla ,;h;ch liir:; '.;IIOV:Y, t o  be reasonable f o r  t he  
axerag3 civll a i r l i n e r  then operatiri%;., -td ;ldy.i,t theyefore be prudent, p a r t i -  
cu7_arlr i n  tile case of an zerodrone sit1ztltc.d i n  t2e  t ro j ) i cs ,  t o  use another 
corrc c t ion  Ton173.13 t h a t  takes t h e  Br,q.crar.~:pc e f f ec t  i n t o  accour~t independently, 
a s  bra:; auc, :.;-:;.r.od by the  Divicibr?. 

Cn ~ ' r ~ , ; , e ~ t t  informatior., i doc? ; riot seem l i k e l y  t h a t  any varS z t ion  i n  
tho l a t e s t  :Ll;r:C sl:ectf: (:aT;iox~s C O ~ C C ~ I : - ; T ~ : ;  tLii maxim~un l o n ~ i  tudinal  slopes 
alic;,ral,ie o loag  rVunwa;rs w i l l  prove necessary; nor w i l l  t he re  be any appre- 
cia512 cha::;;e i n  t h e  p~sluicrn that faces  IC,,O of deciding upon a staridard 
filcthad sf cor rec t i r~g  basic, runt-ray lo::gtil t o  o f f s e t  the  e f f e c t s  of lonyitudilzcl 
slo:??s n:l aiTcraf t tzke-off and landing 1 r;rforma:~cc, 

-- , . r 23s been rierlonztrirtad -i;l%at dc:'brj.s on runways can be suc?;cd i n t o  t he  
air ini,skc:s of turbo-3et engines with oonseq~rential damaye too tl-e compressor. 
I I r.owever, L13s hardly sesms l i l , e l y  t o  kc: a serious consideration i n  t he  case 
cf t~ ib ine -en !~ ined  a i r l i - . e r s  i n  the  50, :I03 kcs . (lC0,OOD lb s ,  ) 71~1s c l a s s ,  
s i : ~ c e  thei.11 air in takes  u i l l  be su f f i c i en t l y  high above t he  runway surface 
t o  .t .e~der s l j  ght t he  ~ o s s i  b53 i t y  r)f ddbris entering them. 

,.s stlid i l l  ;'art i, 4t ha.2 52en es tabl ished t h a t  s p i l l e d  kerosene sorile- 
t i r i ~ s  C ~ U S C S  .the s~zri'ace of a r l ex ib l e  ?avercent t o  bncomc softened; :{here 
t h i s  heyperis, tlie hot  :as(:e -that leave j e t  engines a t  hiyh ve loc i ty  during 
+ U ~ C :  aircraf t  # s  sake-off tend to  dislodge port ions of  t h e  pavement, This, i n  

turn ,  ;cads t o  t::e c rea t ion  of a t ypo  cf ddbr i s  tknt  ctm be suclced up i n t o  
the enpfnes. Cne obvious metkod of ~ r e v c n t i n g  thFs process of de te r io ra t ion  
i s  t o  rcaintain ~ 3 1  f l e x i b l e  runway s u ~ f a c e s  i n  f l r s t - r a t e  condition. It has 
becan ucct.;rtrtl!:eci t;.a', de::se graded azpkal t ic  concrete o f f e r s  good res i s tance  

n - unzlcr i1orrc.d o:>e;.ating coiiditions. :ne use of' t a r  i n  bituiainous mixtures, 
and ~ t ; ~ e c i a i l ~ -  j zeal coats, L~lii~:!, i : l ; , ~ o ~ e ~  t k l s  r e s i s t ~ n c e ,  

Concrete does not seem t o  su f f e r  "OP tke e f f e c t s  of s p i l l e d  kerosene 
o r ,  i f  of good qua l i ty ,  of i c t  b l a s t ;  rc;,;=-ding the  jo fn t s ,  t he  use of 
rubber compounds a s  jo iv i  s e d e r  i s  advoccted as s a t i s f ac to ry ;  t h i s  may be 
ct7 ,,> t c  $lie frict t b n t  1-srossne ~ c v e r  tr1zl.y di;;sclves rcbber,  evcn 1;hnu;h it 

m may p l a s t i c i z e  i t .  ~ l l d s e  Imre e x p e r i e ~ c e u  i n  j e t  a i r c r e f t  operations now 
inc l i ne  t o  the  view t h a t  r i g i d  yaveroants a7~e  e m e n t i a l ,  a t  l e a s t  f o r  t he  
f i ~ s t  100 n e t r s s  (306 f e e t )  a t  each ena of every runway. 
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The e f f e c t  of rockets  used fo r  a s s i s t i n g  i n  a i r c r a f t ' s  take-off o r  
decelera t ing i t s  landing cannot ye t  be assessed, although the  p o s s i b i l i t y  of 
f u tu r e  developments i n  t h i s  d i rect ion tends to  endorse the  theory t ha t ,  i n  
fu tu re ,  concrete w i l l  prove more su i t ab l e  f o r  m w a y s  than flexible-type 
pavement. Iiowever, it i s  probable t h a t  concrete i t s e l f  w i l l  not r e s i s t  t h e  
t e s t  of heavy t r a f f i c  of rocket-assisted operations, when the  temperature 
of t he  runway surface  exceeds 1000°C (18320P). Special  sea l ing  and i n su l a t i ng  
coa t s  have been experimented with; one i s  a p l a s t e r  coat  mixture of an equal 
proportion of cement and asbestos, of d i f f e r en t  thicknesses 6,3 - 12 and 
1 9  mn (0,25", O , S M ,  0,75"). This p l a s t e r  coat  is  trowel-spread and reduces 
considerably the  temperature on the  pavement surface, but  i t  does not r e s i s t  
t angen t ia l  s t r a in s .  It appears t h a t  it can only be used on lirnited surfaces ,  
and spec i a l l y  on aprons. Another product, oonsist ing of a mixture of lime 
and mica, can be sprayed with a. cement-gun. Its in su l a t i on  cha rac t e r i s t i c s  
a72ear t o  be near ly  perfect .  Another device i s  t o  use  f i r e - r e s i s t i n g  cement, 
i . e . ,  aluminium cement ins tead of Portland cement, o r  t o  bu i ld  the  appropriate 
p a r t  o f  t he  movement a r ea  with f i r e - r e s i s t i n g  ceramic products. 

1.6.- Slzface of runwa:? shoulders 

It seems t h a t  c lose r  consideratioh than i n  the  p a s t  w i l l  need t o  be 
given to  the  provision of shoulders along the  edges of runways. There is, f o r  
instance,  the  p o s s i b i l i t y  t h a t  kerosene t h a t  has s p i l l e d  and drained towards 
t he  runway edge w i l l  ca tch f i r e  under t h e  influence of j e t  o r  rocket  b l a s t  o r  
f o r  o ther  reasons, and t h a t  the  f i r e  w i l l  t h e r ea f t e r  spread t o  dry grass along 
t h e  e d ~ e  o r  a t  the  end of the  paved runway. 

1.7,- Ai rc ra f t  wait ing platforms 

Elention has been made of the high r a t e  at which f u e l  i s  consumed when 
turbine-engines a i r l i n e r s  a r e  taqying; the  same appl ies  wl:en they are kept 
wait ing p r io r  t o  take-off .  Reference w i l l  a l so  be found t o  the  p o s s i b i l i t y  
of turbine-engined a i r l i n e r s  being given clearance t o  t ake  off while i n  the  
process oftaxying ou t  from the  xpron t o  t he  end of t he  runway. It should be 
recognized t h a t  t h i s  l a t t e r  p rac t ice  may no t  always prove pract icable .  
Ilowever, whichever procedure i s  adopted a t  a pa r t i cu l a r  aerodrome, it is  good 
p rac t i c e  t o  provide taxiways t h a t  branch i n t o  a t  l e a s t  two adequately sepa- 
r a t e d  paths leading t o  the  runway end t o  enable s ta t ionary  a i r c r a f t  t o  be 
kyyassed. 
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2.1,- Length 

If a turb5ne-eng5ned a i r l i n e r  has -to t a x i  two miles p r io r  to  take-off, 
t he  mcun.t of f u e l  consmet< niay, i n  the  case of a 10C;1,000 l b s .  a i r c r a f t ,  be 
equivalent t o  - h e  l o s s  .?f o m  fare-naying passenger i n  t h e  case of a "full 
tank" operation, unless  the fue l  tacks are r e f i l l e d  a t  the  take-off point ,  
This i s  one of s e v c r ~ l  Teasons why t kc  length of tx~ iways  1inkin.g the  apron 
t o  the  ends of' ri:n:..!ajrs shoulc he reduced t o  tl ~iiniii~t~m, I n  the  case of aero- 
dromes yet t o  be kilt, t h i 3  can be acilieved by a judicious posit ioning of 
the  temifaal builzing tlnd i t s  apron with respect  t o  -the runtray pat tern ,  and 
by illgs~lious nnway ?.ayou% a r r a i - ~ g e m e ~ t ~ '  The ~rob lem,  however, i s  usua l ly  
more conplicated i n  t h e  case of ex.i.sting aerock-ome. 

To ofCset the ~?:'f'r:cf; si' h i s %  f u e l  c o c s ~ u n ~ t ~ ~ ~ n  ~rher! taxyinz, the  na tu r a l  
-La-idency i s  t o  i:?cresse s a ~ j i ; ~ , ;  syeeds. This, i n  txm, s a g - e s t s  t h a t  abrupt 
chznges i n  d i rec t ion  Z ta t  ~ e c e s s i b a t e  s l ~ v ~ i n ~ g  down a taxying a i r c r a f t  should - n be avoided, ~#nere ::hc.~l> ch~riges i n  d i rec t ion  cannot be avoided, the idea  of 
banking t.xxi~~ay curves c~ay in ce r t a in  caces Trove F I O ~ K ? ~  of consideration. 
The proposal t h a t  t,:;?.treys 'i~rzn.:ed where they 2oin run.rrays does not, however, 
appear t o  warraiit se r ious  considera$ion, bscause advantages t o  be gained are 
. insufficient. .?kc t ? ~ r  irajr of ?ronl~tin:,r l?il;her t w y i n g  speeds may be t o  in- 
creace the radius  sf f i l l e t s  a t  taxiway Jnocrsections and a l so  where taxiways 
jo in  o r  cross runwclys, The l o i l ~ i t u d i n a l  slope c h a n g ~ s  as well as the  s i g h t  
d is tance on tcutlways, as now specif ied by the AGX Division recommendations, 
may a l so  rcquire some m o d i f i c a t i ~ n ,  

2.3. - LWf ace and cons t r uc t l on  

1;luch the same remarks as those apyaaring i n  iTaragraph 1.5 above apply, 
except t h a t  the problem o f  r e s i s t a ~ c e  t c  rocket  b l a s t  w i l l  nc-L a r i s e  i n  t h e  
case of taxiways. Special a t t en t i on  should be ?aid t o  sec t ions  '1~11ere t h e  
.--eed of % < w i n g  turbo- ie t  nircraf-ii . r .~ i lL  be l imi ted (sharp cuyves, runway 

cro~si i lg ; ,  e t c , ) .  
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2.4, - Shoulders - 
The problem a r i s i n g  under t h i s  heading i s  similar t o  t h a t  d e a l t  v i t h  

under Pclsa ,~aph 1.6 above, except t h a t  t"c chanez of fuel s p i l l i n s  ?.nd '.:;r,:.tin ; 
n 1,~ill ?)robably be l e s s  i n  the  case of tcxiways t h x ~  runways. 1132 poszibi . l i ty 

o; iiry grass  along t he  eCges oi" taxi-ways 13eing ign i ted  by j e t  b l a s t  is probably 
;.rcater than i n  the case of nznway shoulders, p a r t i c u l a r l y  i n  cases t!here the  
taxiwqrs a r e  narrow and winding. 

3.1, - 3esi:.n, icc luding si-ze, s5,-~.yo and 1ayo11.t 

The problerns t o  be faced under t h i s  heading w i l l  depend on r:!:;t"i.er a i r -  
c r n f t  are: a) tcwed, o r  b) taxied under t h e i r  o m  powor up t o  and allay from 
tile apron. Zn the  3ormer case, thc p r inc ipa l  points  t o  be borne i n  mind :ire 
;he need f o r  allowing s u f f i c i e n t  space f o r  ~wnoeuvring a i r c r d t  3.n tow, and 
f o r  providing s a t i s f  zc tory equipment; ?or towing a i r c r a f t  :md the.1 s t~~r-ci;!; 
t i e i r  e11;ilies trlien the; !:av2 been r;zoved t o  a ~ o s i t i o n  away from the  apron. 
In t he  l a t t e r  case, f u e l  spilla:e may provo sonlewhat of a problen, as may 
the p ~ o t e c t i o i l  of personnel, equipment and s t ruc tures  from the  h e ~ t  a:id noj.se 
of j e t  b l a s t .  

7.2, - iurf ace and c o ~ s t r u c t j  on 

As i n  the  case of l'aragraph 2.3 nbovc, t.Jhat has been s a id  i n  ;L,?sc~,.graph 
1 . 5  n p ~ l i c s  almost equal ly  i n  the  case of apron design and construction.  
Concrete pavement seems t o  be necessary a t  those p a r t s  of aE apron rzhere 
tilrbo- j c t  a i r c r a f t  are  lj-einz averhauled o r  s t a r t e d ,  

4 , -  EQUIPMENT 

noth turbo- je t  and turbo-prop a i r c r ~ f t  w i l l  ca r ry  more fuel  than Lhcir 
p ~ z z e n t  day counterparts .  Fuel w i l l  u sua l ly  be supplied t o  them under 
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pressure from r e f u e l l i n g  tankers v ia  points  beneath t h e  wing. It w i l l  be 
??esessary t o  consider whether tankers of suf f ic ien t  capaci ty  can be made 
~ v a i l a b l e ,  o r  whether i t  w i l l  be necessary t o  i n s t a l l  hydrants, f o r  fv,el 
d i . s t r ibut ion purposes, a t  appropriate points  on the  apron (ramp) from which 
tankers  can themselves re fue l ,  o r  from which a i r c r a f t  can be re fbe l led  
d i r e c t ,  

L.2,-  Un and off loadinp of passengers, f r e igh t  and mail 

It should prove possible,  i n  fu tu re ,  t o  simplify equipment used f o r  
loading and unloading a i r c r a f t ,  i f  outward-opening cabin doors disappear 
c r ~ ? .  i f  cabin entrances and bazgage-loadin5 hatches a r e  loca ted  ne-wer t he  
:round than they a r e  on present day a i r c r a f t ,  

Lk. 3 * - Sta r t i ng  

For home t i n e  to come, a source of e l e c t r i c  power mounted on a t r o l l e y  
o r  s h i l a r  vehicle w i l l  normally be used t o  supply t he  energy necessary f o r  
cn:;ine s t a r t i n g  i n  t he  same manner as present ly  used with p i s ton  e n ~ i n e d  a i r -  
c~'c2.t. The precautions t o  be taken i n  the v i c i n i t y  of a i r c r a f t  whose engines 
a r e  i ~ e i r ~ g  s t a r t e d  up seem unl ikely  t o  become more s t r i ngen t  than they a r e  at  
t he  ;>resent time, except t o  t he  extent  t h a t  ex t ra  care  w i l l  have t o  be exerci-sed 
t o  ensure that b l a s t  from turbo- je t  engines does not cause in ju ry  t o  person~le l  
o r  c!maee t o  :>soperty. 

L,b.- Crzsh-fire and rescue 

It i s  poss ible  t h a t  the some~~hat  d i f f e r en t  combustion cha rac t e r i s t i c s  
of kerosene, a s  cornpared with those of gasoline, w i l l  l e ad  t o  modification of 
equipnent and technique f o r  rescue and f i re - f igh t ing  i n  t he  event of a crash.  
There a r e  ind ica t ions  t h a t  t he  occupants of a i r l i n e r s  whose engines burn 
kerosene a r e  l e s s  l i k e l y  t o  be asphyxiated i f  f i r e  r e s u l t s  from an a i r c r a f t  
crash than would be the  case i f  t he  f u e l  were gasoline, This suggests t h a t ,  
provided f i r e  can be kept out  of t he  cockpit and cabin, t he  problem of ge t t i ng  
occupcmts out  of a crashed a i r c r a f t  may be l e s s  d i f f i c u l t  i n  fu tu r e  than it 
has 3een i n  the  pas t ,  because trapped persons w i l l  be b e t t e r  able  t o  help 
themselves. 
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CONCLUSION 

A s  t r a f f i c  of turbine-engined a i r c r a f t  w i l l  be r e l a t i v e l y  l i g h t  i n  the  
immediate future, few of the changes l i s t e d  i n  Part  I1 a re  required a t  the 
present time. However, the development of operations of t h i s  new type of 
a i r c r a f t  should be followed carefully; i n  particular,  aerodrome authori t ies  
should study, i n  each specif ic  case, t h e  remedies and improvements required 
at each aerodrome concerned, taking in to  account the prohable density of 
t r a f f i c  of turbine-engines aeroplanes. These studies, i f  made i n  good time 
and with the exercise of sound judgment, w i l l  cer ta inly fur ther  the progressive 
and economical development of adequate aerodromes. 

- END - 


