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The infolomation contained herein; was or iginal ly  presented In  a paper 
t o  the A i r  Navigation Commission of ICAO by the Secretariat ,  Subsequently, 
because of i ts  general i n t e re s t  t o  many aviation authori t ies ,  the Council 
approved i t s  d is t r ibut ion  t o  Contracting States  i n  the form of hn ICAO Cir- 
cu1aP. 

A s  i n  the oase of the preparation of Circular No, 17-AN/u+, ('I* the 
Secretar iat  has drawn upon statements by experts i n  t h b  ispecialized f ie ld ,  
made a t  the IATA Turbine-engined Aircraf t  Symposium (18 and 19 May 1950 - 
A s b u r y  Park, New Jerseyp u ~ S ~ A * )  and upon the views presented i n  lectures,  
a r t i c l e s ,  e tc ,  t ha t  have appeared i n  f u l l  o r  have been reported upon from 
time to eime i n  the a e r o m n t i c d  and engineering press, The information 
contained i n  Par t  N, re la t ive  t o  'Rules of the A i r  and A i r  Traff ic  Control! 
is an ext rac t  from the Final Report of the Fourth Session o f  the RAC Division 
held i n  Montreal i n  November and December 1950,, This material was also 
approved by the Council fo r  d is t r ibut ion  to  Contracting States  a s  an ICAO 
Circular. 

Those who are able t o  contribute additional information o r  suggestions 
are  invited to  communicate t h e i r  views t o  ICAO Headquarters, The f a c t  t ha t  
f resh  evidence and data  are being accumulated da i ly  precludes completeness 
or  up t o  date accuracy but it is  hoped t h a t  t h i s  study w i l l  prove of i n t e r e s t  
to those who may be concerned with these problems, 

P bcuments, repopts, etc,, to which reference i s  made throughout circular,  
have been l i s t e d  under "Bibliographys - page 45, 
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PROBLMS ASSOCIATED WITH THE 
ADVENT OF TURBINE-ENGINH) AEROPLANES 

PART I - GENERAL 

Although some study has been given by the technical  bodies of ICAO t o  
specfal  problems a r i s ing  from the operation of turbine-engined aeroplanes, 
the  a c t i v i t i e s  of ICAO i n  the f i e l d  of a i r  navigation since the Provisional 
Organization was established six years ago, have been primarily concerned 
with the preparation and adoption of Standards and Recommended Practices . 
Bnd Procedures re la ted  to aeroplanes powered with reciprocating engines, 
Although it is unlikely t h a t  these aeroplanes w i l l  be e n t i r e l y  replaced by 
turbine-powered aeroplanes f o r  many years t o  come it is  already apparent 
t h a t  the time is near when both types of aeroplanes w i l l  be used s ide by s ide 
i n  i nternational a i r  transportation,  

The prototype of a turbo-propeller a i r l i n e r  was first flown two years 
ago and during August 1950 it was flown on scheduled sbrvices between London 
and Paris,  This was the first occasion t h a t  a turbine-powered aeroplane had 
been used f o r  carrying fare-paying passengers in internat ional  c i v i l  a i r  
transportation,  It is expected t h a t  t h i s  par t icu la r  turbo-propeller nero- 
plane w i l l  be regular ly  used fo r  scheduled a i r  t ransporta t ion by 1952& 

The prototype of the first tmbo- je t  aeroplane designed f o r  c i v i l  a i r  
transportation has already completed i ts first year of t e s t  f ly ing  during 
which more than 300 hours of operating experience has been gained and good 
progress made i n  assessing i ts  performance charae te r i s t ies  and establ ishing 
the most economic operating techniques, It i s  claimed by the manufacturers 
of t h i s  par t icu la r  aeroplane t h a t  it should prove t o  be outstandingly eco- 
nomical on stage lengths of the order of 1,000 - 10700 naut ical  miles and 
t h a t  the f i e 1  reserves w i l l  be comparable n t e rns  of time with those of 

t 2 )  exis t ing  reciprocating-engfned aeroplanes The prototype of ye t  another 
turbo-jet  aeroplane has already completed i ts  first year of t e s t  f ly ing  and 
it now seems l i k e l y  t h a t  the  progress made i n  introducing the  turbine-engined 
aeroplane in to  c i v i l  a i r  transportation could be reviewed with advantage, 
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PART 11.- TIE MQRE IMPORTANT CHBRACTERISTICS 
OF TURBINE-mGIm AEROPLANES 

Before attempting to reach a eonelu~lion concerning the action that  might 
be taken by Cont~actigg States o r  by ICAO in the Ught of the development of 
turbine-engined aeroplanes it seemsl desirable t o  review thew more important 
characteristics particularly whem these d i f fe r  f m m  those of aeroplanes powered 
with reciprocating e b e s ,  In  a working paper ppesented t o  the A i r  Navigation 
Commission in 1950 (8 the Secretariat described in some deta i l  the more im- 
portant differences between turbine engines and reciprocating engO9s that  will 
have t o  be borne i n  mind when ICAO Standards are established f o r  turbine power- 
plant installations. Some of the more ftnpor%ant problems normally attributed to 
the advent of turbine or  jet-engine aeroplane8 would have arisen in any case had 
some other nethod been found fo r  providing, within a reht%vely short perfod of 
t h e  f n  the history of avla%fon, eo %mge an Anepeaee i n  the aped and operating 
altikudee of' c i v i l  aipcraf't, Thfs ereatas fte own apeefal problems, fn  add%tion 
to  thosle which depend on characbPiatfes that are peculiar to the gaa teb.bine 
aerophm, and which are df ecusrsed i n  the foSPowfng paragrapha, 

1,- FUEL CONSUWI'IOM DURING FLIGHT 

A t  Appendix "An are tables based on we398 tPfed types of turbine engines, 
These tables compare the power and fael  copsumption of a turbo-propeller engine, 
a turbo-jet engine and a reciprocating engine giving the same thrust  and show 
how the thrust  and f ae l  consumption of these engineer varies with the speed of 
the aeroplane, It w i f f  be seen that  the tmbo-3et engine becomes relatively 
more efficient  as speed and alt i tude increases, One of the prototype turbo-jet 
aeroplanes to which ~eference f s  made i n  Part I - General, cruises a t  nearly 
400 knots a t  an o p t 6  al t i tude of between 30,000 f ee t  and 40,000 feet ,  i,e, 
approximately one and a half times the cruising speed and nearly twice the 
cruising al t i tude of a modern airf iner powered with reciprocating engines. 
However, the disadvantage of t h e  eensitfvity of the fue l  consumption to speed 
and al t i tude provides for  l ess  f lexibi l i ty  i n  operation. 
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Tables 1 and XI &xa Appendix mAn also show that an aero h e  in which a 
Q,wBo-jeP, engine o f  the type under  ona aid em ti on is i n s t a l l  424 would bum 
52 lba, of fuel if f2sm f o r  one minute at  200 kno$s at aea level, repxeser4tfng 
eppmximably of the fuel  required t o  cruise for one how at 6200 knots at 
359000 fee%, Fuel eonsmptzion at eea level fe therefore mope than double the 
consumption at %he opt.hrm em5eing arltltme whemaol the a p e d  a% eea level is 
only half sped a% op%htm sra%erfxg alti$ude, Compared with afplfnera 
pcwemd with ~eefp~ocating engines9 $u~b-je.Bb a i r l ine re  would lm me:h more 
heavilr  p m l i z b d  if 89taek~ti a% low a l t i tudes  and al l  engiglea Imp% running, 
The penalty of' i m r e a s d  fie2 oong~npt&on would, however, be reduad i f  aero- 
planes powered with %mbo-Je$ sap tta~bo-pmp engfnes could be o%a@ked at OP near 
%heir op%lBUn om%sing a$.%ftpldes9 ~ f m e  %he c o ~ p t % c m  a t  35,800 feet when 
fPssfw a t ' 2W b t e  fa less .than ha32 the ooasumptfon a t  aea level  a& the 
same @peed, 

If', however, stacki9g a t  lower a l t i t u d e s . f s  unavoidable f t  been ' 
found that  the penalty of inoreased h e 1  consumption can be lesaened ly 
shut%- down say %WQ out .  of four %upbo-jet o r  t w h - p p e l l e p  engines as 
the ease may be, WEL fncreases the endurance and the aeroplane csan remain 
longer in the stack but since the f ie% conamption reckoned i n  air miles per 
gallon is unlikely t o  be impved, the practice of shutting down engines doea 
not b p ~ o ~ e  the ehansesll 0P mwM~g an al%emate if only a ~ ~ F P O W  margin of 
f u e l  i s  avai%abho I n  the Patter Ease pang0 rather than endmanee becomes ' 
important and in flying %o a dis tant  alternate, It mayl be found advantageous 
to proseed a t  the op%kun cruising altitude with all four engines running. 
@%&ow aeema to b divided as t o  the advisabili ty of shutting down gaa turbind 
eng%nes during fligh% 8 i u c ~  %here may be di f f i cu l ty  i n  restarting them, Homer ,  
rest&fng dwPng f f  ight  has been mpoP.tad to be & h o s t  TOO$ m c s e s  An the 
caae of the turbo-pmpPler drPher mentioned i n  Parti I - G e n e ~ d ,  ?8 I 
Tdblea 3: and 3CE a t  Appendix "An also show t ha t  =&e f b l  burned CRIFfng a missed 
approach involving an addf%fod five minutes of Plying time w u l d  be equal to 
the fue l  used during fffbeol m%nuksr of cruising at, @0 h o t e  at 35,000 feet, 

The substanQ,ial penalty in fmmaaed f'uef ~omumptfon for flyfng at an 
altftude other %an %he op%3.mm o m  mds no emphasfa, I% my, ~ a ~ ~ & h e l e s s ,  
be worbhWl@ to accept a small f3ae% penalty ~Ifnabfng or deaoendfng two . 
or perhapas thm@ thousand feet %o avo%d rwgfom of rough a&r although, unlike 
the m e i p m a % i n g a g ~ ; d n ~ d  aemplane, f% 'wf f l  seldom by advanbgeoue fop the 
turbine-engfned aeroplane to ~ & I V @  i%a o p t i m a  qmtisfng BlhP,Stude fn order t o  
take advantage of a mare favowable wind eompon@b=b, A desaent would cause an 
inereaee in fic31 aonmmp%%on, and %he actual fnamasae would depend OR tR@ 
eharacteristies sf the paPtf~uPa~ a e ~ o p l m e ,  the %urbfm e ~ g f n e e  f n s t d f e d  and 
om the sped and altftudb, In m a t  be tanaes  the inemam i n  fuel eonsumption 
woad cancel aa% c q  increase %n ground speed, In, the ease of a typical turbo- 
jet a e m p h e  designed t o  o M s e  a t  400 knots a% 40,000 feet the rate o f  -1 
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consumption, i f  tihe aeroplane is f P m  a t  30,000 f e e t  a t - t h e  same irrdicated 
airspeed, would be approximately the same but the true airspeed would be about 
100 knots slower, The wind a t  300000 f e e t  would therefore have to be 100 knots 
more favourable %ban a t  4O,OOO f e e t  before the descent became worthwhile, 

2, - FUEL CONSUMPTION WHE3 TAXYING AND IDLING 

The gas turbine engine has to be run a t  almost its maximum r.p,m, i n  
order t o  achieve i ts  lowest s-cific f u e l  consumption and consequently the 
f u e l  consumption when taxying and idl ing is relat ivefy high, Some indication 
of fue l  consumption i n  taxying and idl ing may also be obtained by taking a s  an 
&ample an aeroplane f i t t e d  with turbo-jet engines of the type considered i n  
Tables I and II and designed t o  cruise a t  1;00 knots a t  35,000 fee t ,  Assuming 
the L i f t b r a g  r a t i o  of the aeroplane; to be of the o r d e ~  of 15 and the ro l l ing  
f r i c t i -  to be 0,3, the oonsumpt5on during kaxying would be 916 lbs, pep 
engine per h o w a  i o e o  about 25 lbs, per engine pep e l e  a t  a speed of' 36 knots, 
The fue l  consumption when taxying a t  36 knots would therefore be as  large as 
705% of the f u e l  consumption when flying a t  400 knots a t  35,000 fee t ,  but the 
fue l  used f o r  taxying t o  the take-off point can be allowed f o r  and need no% b 
included i n  the take-off weight unless it is necessary t o  start with f u l l  tanks, 

A turbine engine consumes more fue l  i n  idl ing than a comparable reafp- 
rocating engine and it i s  therefore desirable t o  reduce idl ing time as  mueh 
a s  possible, It has been found advantageous to use a special engine idl ing 
se t t ing  f o r  uee on the  ground by shutting down the turbine engine to a pin% 
fmmwhich the desired acceberation during f l i g h t  could not be obtained, Thfs 
is defined Sn Annex 8 to the Chicago Convention a s  ground fdlfng. It is 
claimed tha t  such a se t t ing  reduces the f u e l  conamp ion when idl ing to about 
10% of the  fu l l  th ro t t l e  consumption on the ground. 1 5 )  From the p o d  id l ing  
se t t i ag  it takes some considerable tkue to  open up a turbine engine, a delay 
inacce le ra t ion  which is acceptable f o r  use on the ground, as f o r  example when 
awaiting clearance from the Tower to  t a x i  to  the take-off point, An approach 
idl ing se t t ing  is however used i n  f l i g h t  and t h i s  en-es t W t  an adequate 
acceleration can bemadein the event of a missed approach o r  a baulbd landing, 
The f u e l  consumption a t  the approach'idling se t t ing  is  approximate.ly the same 
as  the fue l  consumption when taxying a t  30 knots but this relationship varies  
wlth the type of turb ine  eagfne ins%alled, 

One of the M a m e n t a l  features of the turbo-jet e n g i h  %a f t s  a b i l i t y  t o  
provide a propulsive thrust  a t  a given ziltitude which is approximately independent 
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of forward speed, f n  contrast t o  propeller-driving engines who~e thrust de- 
creases as speed increases* A t  zero epeed a reciprocating or tmbo-pop 
engine equipped with a variable pitch propeller develops a thrust approximately 
2$ times i ts  thrust at cruising speedo The thrust available fo r  take-off on an 
aeroplane powered with turbo-jet engines is however approximately the same as 
its thrust a t  cruising speed and it might be concluded therefore that  t h i s  would 
resul t  i n  a requirement fm runways that  are longer than those now used by 
modem air l iners  powered with recfpocating engines* 

T h i s  is however not necessarily true aince the %hrust/weight r a t i o  of an 
aeroplane powered with turbo-jet engines will be high because these aeroplanes 
can-only be operated a t  opthum efficiency a t  altftudes and speeds which are 
qpmdably higher than those at which reciprocating-engined aeroplanes are 
operated, Moreover, since the thrust of a turbo-jet engine decreases with 
increasing a f t i t d e  a t  a greater ra te  than for  a supercharged reciprocating 
engine, the desired performance of a turbo-jet engine a t  high altitudes can 
only be obtafned f f  provision 5s made fbr  a verylarge  s ta t fo  thrust a t  sea 
level, T U B  offsets  the tendency 'for .the aeroplke fi.$ted with turbo-jet 
engines t o  need a longer take-off dishnce. The two turbo-jet aeroplanes 
mentioned in  Part I - General use the runways that have been Wt for con- 
temporary recgprocating-engfned aeroplanes of comparable size* It is possible 
that  aeroplanes may have higher wing loadings In  the future in order that f u l l  
advantage may be taken of the potentialitierr of the turbine engine and th i s  may 
probably lead t o  an increase i n  take-off distanceso 

Reference has already been made t o  the comparatively high thrust of tb 
reeiprocating engine avaflable a t  the beginning of the take-off run. I f  f o r  
example a comparable turbo-jet engine has s l ight ly  l e s s  th rus t  available when 
a t  r e s t  it wffa, be at a disadvantage initially but as the speed of the aeroplane 
fncreases during the  take-off run the thrus t  of the reeiprocating engine will 
decrease whereas tha t  of the turbe-jet engine w i l l  remain approximately the 
same, Later, durfng the take-off rim, or perhaps shortly a f te r  take-off, the 
thrust of the reciprocating engfne w i l l  be overtaken by the thruet of the turbo- 
je t  and thereafter the Patter engine w i l l  be dmelop8ng the greater thrust* It 
nay be assumed therefore that  the turbo-jet engine wZll provide the bette'f 
c l h b  performance a t  l eas t  f d f % i a ~ ~  but having l e f t  4he ground I t e  thrust  wifl 
be more adversely affected by the decrease i n  atmospheric pressure with al t i tude,  
than w i l l  the thrust sf a supercharged reciprocating engine, 

4.- EFFECT OF CHANCES IN ATMOSPHERIC TEMPERATURE AND PRESSURE 

Compared with the reciprocating engine, the gas turbine i s  more sensitive 
t o  changes in a i r  temperature and pressure and consequently the take-off per- 
formance of turbo-jet and turbo-propeller engfnes is more c r i t i c a l  i n  tropical 
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temperatures and on high elevation airf ields,  For example the turbo-jet engine 
considered i n  Tables I and II f n  Appendix "Aw would lose 12% of its s t a t f e  
thrust at sea level  5 f the temperatunes increased frcan l5oC (59%') t o  
36% (100%)~ The effect of temperatwe on the power of turbogpropeller 
engines is s t f l lmore  markedo The tbrust of a turbo-jet engine or the parer 
of a turbo-propeller engine is proportfond t o  the pressure of the intake 
air and the gas turbfne is therefore more sensitive t o  variatfons of pressure 
than is the supercharged reciprocating engineo 

The marked decrease i n  the take-off performance of aeroplanes powered 
with gas turbine engines, cauaed by high air temperature and low pressure 
is uvercome i n  the case of at l eas t  one turbo-jet aeroplane by injecting 
water fnto the engineso Sfmilar resul ts  have been obtained by the injection 
of a mixture of water and methanol but 2% is c labed  that  th i s  introduces a 
r f sk  of contamfnatfng the cabin air i f  the main compressor of the turbine 
engine is being tapped t o  pressurize the aabino The injection of water OP 

water methanol ldwers the temperature i n  the combustf on chamber and the fuel  
introduced t o  restore the tempqrature t o  f%s previoua figure resul ts  in an 
fncrease i n  thrust This increase ie however l fn i ted  t o  approximately 10% 
i n  the aeroplane referred t o  f n  P a ~ t  I - Generalo The f i t t i n g  of rocket 
motors t o  compensate for  loae of thrust i n  e r e m e l y  low atmospher%c density 
fe also contemplated, 

It is also important t o  take fn t s  account the variations in  upper afr 
temperature,, Consideriqg again the turbo=-jet engine referred t o  i n  Tables I 
and I1 of Appepdix *An an inorease fa temperature of- 23% (~9) would reduce 
the thrust by 25% when ETy'ing a t  500 h o t s  and 35,000 feet, For the turbo-jet 
aeroplane t o  which reference is made i n  Part f - General, a variation i n  
temperature ,of - 9OC  OF) at a cruEsfng al t i tude of 40,000 feet  aver a long 
stage would have the effect of exaeti a penalty on the fuel  consumption 
equivalent t o  8 knots i n  wind speed, 7%) 

The possibflfty of fa i lure  of the turbine engine i n  f lfght  must be 
taken into account, In the ease of one of the turbo-jet aeroplanes referred 
t o  i n  Par% I - General the penalty f n  fuel  constnnpt9+ for the loss of one 
engine is not great, particularly a f te r  the fuel  load has been largely *exhamt&d, 
An engine fai lure a t  half distance on a stage length of say 1,500 nautical mfles, 
followed by a gradual descent t o  the moat economical three-engine e r a s i n g  
altitude9 would reduce by less  than f i f teen minutes the mal stand-off 
tfme aZlowance a t  1,000 feeto The r a t e  of clbib on three engines with flaps 
and undercarriage up exceeds 1,300 fegt per minute, the landing weight being 
relat ively low due t o  the high me1  consmptfsn and there is therefore an 
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ample margin of' safety i n  the went of a baulked landing, (7) If two engines 
f a i l ,  the most economical e rufshg  altftude for  thfs  p a r t i e u l a ~  ae~opfane is 
10,000 feet,  Tests carried out on s m e r d  aeroplanes powered w i t h  i o u ~  turbine 
engfnes have shown-that the h e %  consumption i n  &I? raffes per p o d  5s only 
increased slfgh%fy la fly- on two engines at  the ~ 8 %  econom%eal two-engine 
cruising a l t fkde ,  87 

6,- SIMPUCITY OF EMGIm DESIGN AND MAINTENANCE 

Them seems to be good reason fo r  the belief that  the l a t e s t  d v i l  air- 
l iners  have been allowed to  become too elaborate partly due to the demands of 
the operator and p a ~ t l y  due to  the complexity of the modern high powered reci- 
procating eagine and unla'sb something 513 done t o  check th i s  tendency c i d %  
air l iners  of the future may well spend more and more time on the ground and 
not be operated a t  a profit ,  The intmduetion of turbine engines into c i v i l  
a i r  tramportatio- p t i e u l a r l y  the turbo-jet engine, offers an opportunity 
for  sweep* sbp l i f i ca t ions  that should resul t  in h m a s e d  efficiency arrl 
economgr h air l ine  operation provided that  the gas turbine engine is not 
allowed, as the p%ston engine has been allowed, to lose too much of A t s  
original simplic%ty, 

ESEperienee to date has shown that  the service 1%fe of t l m  major eon- 
ponents of gas turbine engines is already approaching the reUabi l i ty  ~eaehed 
by %he major components of reciprocating engines, The regresentat%ve of one 
manuf'actwer has s a d  that  a warranty of' 1500 ho s wKU be gilven on the major 
components of turbine engines built bg his f f r n . ~ 8 )  The periods between 
overhaul of gas t w b f m  engines are also faa t  approaching those normally 
erssocf&ed w % t h  mdem reoip~oeating engines, Representa%ivee of' &her anu- 
faatwere of tup'bim engines have reported that the I8fn%mpna prdlod betW6n 
overhapr%s 5 d y  500 hpms and that th%s %e shortly t o  be extended to 
800 hours, f87 It has also been pobied out that the hfgher emA&&g bpeed 
of' the turbine-eng%ned aeroplane as compared vfth the reciprocating-~ngined 
aeroplane gives the advantage of more miles flown',between overhaulsa 

7,-WLIlYG OH THE GROUND 

Advantage can be taken of a valuable awdl%ary braking medium i n  tb 
case of a%% aeroplanes f i t b d  with reversible pitch propellers, A% the pres- 
ent, t&&t aeroplanes f i t t e d  with turbo-jet engines lack any comparable means 
for  applying meverse thrust and aeroplanes having high wing loadings and f a s t  



ICAO Ci~crrlar 23-A??/20 %$ 

&ding speeds nay need some form of auxiliary braking such as t a i l  parachutes 
to supplement the wheel brakes, lb use 04 ta i l  parachubs has however not 
been found necessary i n  operating the tmbo-get aeroplanes t o  which referenee 
is made i n  Part I - General, Experience i n  operating these aeroplanes has 
served to dispel many misgivings regapding the ground handling of turbo-je% 
aeroplanes, They can be taxied elow or  f a s t  and can manoeuvre on the $ r o d  
i n  the same way as  any other nodern a i r l ine r  and can be tax%& on two eagfnes 
i f  desfred, The t h s t  required fo r  start ing from r e s t  is no$ excess%ve, and 
the use of t ractors fo r  towing a s  an alternative t o  t a q i n g  an a i rc ra f t  under 
i t s  own power, has not been found n e c e s s ~ ,  So- examples of the objections 
raised to  the use of t ractors include the comparatively slow ra te  of towing, 
the complication of the tow truck and the possibility of t ra f f ic  d i f f icul t ies  
a t  busy airports, On the other hand 2% has been suggested that  ft would be 
more economical i f  tractors were used to %ow a turbo-jet aeroplane to a tax3 
apron adjacent to the take-off muway, Here the engines would be started and 
the aeroplane taxied under i t s  own power t o  the take-off poin=bo 

The s t a ~ t i n g  of turbo-jet engines on the apron has i n  practice caused 
no inconvenience and it has been found possible to s t a r t  up engines close to  
airport buildings d t h o u t  intolerable nofse o r  c o ~ t i o n ,  Grass has been 
burned for  a distance of about PO0 feet  behind the run-up point butthere has 
been no pit t ing of" the surface, A clearance of 150 f ee t  has been found suffi- 
cient fo r  following a i rcraf t ,  Tables III and IV at  Appendix 'Qff show the  
temperatures and velocities, a t  varying distances from the nozs;le, of the 
exhaust gasps of the turbo-jet e&n@ considsped in Tables I and If, The 
temperatures given i n  Table I11 tJ .f l l  m longer apply i f  extra fuel  i s  burned 
i n  the tail pipe i n  order to increase the velocity of efflux, but the opAnfon 
has been expressed that  this system, commo known as a f t e r  bumfpg, win 
grobably not be used for  c i a 1  aemp3a9ess %I 

In  operating the prototype turbo-jet af r l iners  referred fn Par% 1 - 
&nerd,  there has been no sign of deterioration of conarete puglway~ as  a 
r@sult of j e t  blast, So= of the smaller j e t  f i g h b r  aeroplanes have eaused 
cpnsiderable damage t o  the surface of bft,~aaouw runways both by j e t  blast  and 
t&e $pillage of kerosene but t h i s  baa not h e n  no%ieeable in %be case of the 
p~ototype air l iners,  probably due to the large ground ele&ance of %he je% 
p3lpes and the near b horizontal thrust  line, It has, however, been f o d  that 
the spAllage of kerosene due to ove~flowing, mi shd f ing  o r  merely cfosfng down 
the engines has caused fa f r ly  rap4ld deterioration of the bitumen fiBBhg 
material fn the joints between the concrete slabs of m w a y ~ ,  taxiways OP 

ramps, Similar deterioration is  also caugsed by spil led gasoline but it 2s 
less  serious than that  caused bg. keroseneg tRe l a t t e r  f lu id  being l e s s  
volat i le  , 



An important advantage of the turbine engine over the reciprocating 
engine is that  the time f o r  warming up of the former is negligfble, %ed 
t e s t s  carried out at  several different aerodromes on the tu rbo-ppe l le r  
aeroplane referred t o  i n  Part I - General have shodm that  the time occupied 
i n  ca rv ing  out an I n i t i a l  cockpit check, s tart ing the four engines and having 
the aeroplane ready to taxi t o  the take-off point, averaged nearly three minutes, 
FOP one of the turbo-jet aeroplanes mentioned fn Part  I - General the corres- 
ponding time has been found to average f ive  minutes, I n  general, turbine 
engines require a greater bat-ry capacity f o r  s tar t ing on the ground than do 
eontemporary recfproeating engineqand engine starters of approxiraately double 
the horse power are  required, 

I n  view of the comparatively high Fuel consumption when taqyhg and 
idling it would be advantageous for  the turbo-jet aeroplane to  be aleared by 
aerodrome control to  proceed d i rec t  from the ramp t o  the take-off poink Such 
a procedure may however be found t o  be impracticable at congested airports, 
The turbo-jet-aeroplane which taxies a t  approximately 30 b t s  and does not 
have to  spend et considerable time in having to run tap its engines a t  the end of 
the runway would suffer  a disproportionate &wilty i n  f'uel eonsunpt3om if re- 
@red to take its turn In the l ine  a t  the gate position, There m y  be Beveral 
ree%peating-engined aeroplanes ahead, ax@ waiting the i r  turn t o  W e  off, 
and each one w i l l  have to  spend a considerable %imo,in m d n g  up a l l  i ts  
engines one a f te r  the other before start ing the takodff m, It a h %  be 
possible to avoid t h i s  by avidffig; the -way g u t  before it meets the end 
of the m m a y  SO a s  .to provide access v ia  one or  perhaps two alternative 
routes, Thfs Would pepmt%% aerodrome control to  give a turbfne-eng5ind aero- 
plane di rect  access t o  the take-off point, A t  aerodrorces equfpped with paral lel  
runways& a g h t  be possfble t o  use one for  take-off' and landingas of t w b h @ -  
engined aeroplanes and the other fo r  reciprocating-engined aeroplanes, It bas 
also been suggested that  aeroplanes powered wfth turbo-jet engines should be 
towed t o  a taxiway parking apron and should not have their engines started 
u t f %  take-off clearance has been saeefved, They could tueb taxi quickly 
t o  the take-off point and would not be held up by other aeroplanes, 

The effects  of icing on the airframe are, generally speakingD eomon to  
a l l  aeroplanes regardless of the type of powerplant but thme are some aspects 
of airframe icing that  are peculiar to airframes i n  which gas turbine engines 
&re installed, For instance aeroplanes powered with turbo-jet engines wfll  
noma* cruise well above iciag levels and the ab i l i ty  t o  climb and descend 
rapidly w i l l  reduce the t h  during which the de-icing system has t o  be 
operated as compared with wdern recfprocating-engined aeroplanes, Moreover 
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it has been stated that  the gCs turbine has been f 'o td  %o p r d d e  more heat 
h a eorruenient fom fo r  thermal de-%eing of both &rfzwfs md engines, than 
has been averflable i n  the pas% from m@fproaa%ing engfnea, ' h i s  method 
e&es, however, the pem%ty.of' %mma@& f i e f  Q O ~ P B I Q ~ % % O ~  d m b g  %b dew 
fef ng process &fculeuo31y d w i  ng desoent, I% has %men f d ,  fop i w b m e s  
that  1,000 lbs, of f ie1 hae bexi wed for aupplybg %he p e p  needed fo r  tR%a 
method of" de-icing duking a p a d m 3  des@eoz$, fmn 20,000 fee$, 0% a f 
englned turbo-,jet k w p o F $  m r o p h ,  OVQF I dfs-b of f%f%y &lea ~ E O P  

Therma.2 de-icing %s nomal3.y used to heat the aJ1. %n%&e of turbine 
eagfnes and men when i ce  has formed aml f d r 3 y  large p2eass have broken 
off' and passed %hrough the engine, %hem seem -to have bszn no m%dence 
of damage i n  the case of' gas twbbes fitted w i t h  eew%a=& 66Q1~eS80~Sa 
I% seems less  Ukely9 however, %ha$ engjbm~ fA%M w i % h  axla% f X o w  eompressore 
escape damage in eM9laP a%remt=as,  In one of %he %dm-get  a ~ U n w s  
referred to i n  P& % - Genera, P , ' h ~ ~  de-ic%xg, i n  the form s f  hot air 
tapped d i r e c t 9  f rom tRe sen%r$$hpgal compressors 0% %he form turbo-gee engines, 
is wed f r e-%c%ng %he w513gs and W% amfaaes $n glddft%on %o the a3.r 
intakes. The building up of' fee mound the a%r h t & e s  tends to reduce 
the t h r u s t  of any engine atsd i n  %he ease of typ3cal %mbfne e%lg%nes, th3s 
loss has been conpensated for  ap~aying &laoh01 sap m%ltaamc)l %DM tihe a* 
intakes; This increases the thrust  and prevents o r  delays %he deposit of fee  
on the intake sereens and fs m r e  efficacfow $2 away f s  adtahed oh 
before %efxg starts, In aeroplanes poweped w%$h twBs-p~%lter engines 

a e l e e t ~ % c a l  de-fchg is ma~naaw wed for  the spbmers a d  p p P l e r   blade^ 
fn the same way a s  fo r  r e o i p r o c a t i ~  engineso 

Although f t  mag be a s m e d  that gas twbfkbcs powered aempBmes wAP% 
normally be less exposed %o prolonged &c%ng f i ~ B g b 3 ,  %here 51 m p$ imetPf'%~fent 
ev%deme to ehow that  them abmpW@ are as we12 e q ~ p p d  %@ f'P$ ahrough fee 
fo r  an indefinite period as aon$ermporq aerophxms powered w % t h  reeipmeatfag 
engims, The most sueceslesfPnB m$hods sf' de-fcimg utwd on gas twbfm aero- 
planes appear t o  e m  ~ ~ b s t a n t f a f  weight penalties ei ther  frm the Porn of' extPa 
fuel  o r  aom de-2eing agent buoh as aleoh03 or  m~%ham%, UB%~P the dwatfon, 
intensity and %sca%fon 0% %he io%ng P i b l y  $o be encountered e m  b forecast 
wfth more cerlain%y it dl1 not bmpossible to esstim%e %he we&&% pmPt%es  
wfth the neaessar-y aumacy,  There e e w  to be a reqPlfmmm.$ fo r  a now- 
expendable system which can deal with moderate dleiaag eonad%%fom encountered 
during f l i gh t  without any substantial pery1oad pwPty ,  

The high speed of' the tu3pboOj@% aeroplane dl1 sao d a b %  g5-m rise ta 
new en-mutie mrlgational problems and ms% of these would be oomon t o  
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reciprocating-engined aeroplanes if they were able t o  cl-uiee a t  comparable 
speeds, The contemporarg reeiprocating- engind aerop.lane needs exper% 
hardXing i n  order t o  achieve maximum efficiency in operation and this is no 
less true of the tuPbo-Qet aeroplane, the penalty for mishandling i n  the 
l a t t e r  case being the more sewre when measured t e r m  of fael ~ o n ~ u m p t i ~ n ~  
It w i l l  therefore be m n  more fnpsrbnt  for p%bats to be thoroughly conversant 
with the characteristics of the i r  engines under all possfbbe operating condf- 
tions, On the other hand, fsa flew sf the faIherent eimpUcfty o f  %he power- 
plants, accessorfea and cockpit Payout of' the  turbo-Jet aeroplane and the 
substantial reduotion I n  the number of instrument d f a b ,  it may rso Xsgger be 
necessapg to carry a f l i gh t  engineer as a member of the operating crew, The 
need for a flight radio operator- w3.U depend on f i t m e  developments of long 
distance vo%ce eommudeatfon rather than on tihe cornpmat%veblgP high speed of' 
turbo-jet af~lineps,  There w&S1% %n any caae be a s e a r ~ h  and resmp require- 
ment fo r  routine position r e p r t ~  $Q be d e  a% more frequent faatel"vds thaa 
once hourly whether thPe is done ly RD OP wB, In em ext~eme aaae 2% would 
be possible fo r  an aeroplane o r u i s i ~  a t  500 knots wft+ the help of a bf8, 
wind of say 200 kndss to have covered 700 naut3saB miles sPnae its last' 
position report, 

The effect  of a twofold inaream 5.n cruising speed w i l l  also make it 
necessary fo r  the flkght navigator b work W e e  as fast, In astm navigation 
more reliance may have t o  be plaaed on pre-eomputat$oa so tha t  positions can be 
determined i f  possible w f t h i ~  one minute of t a n g  sights, There has been some 
tendency In  the past fo r  flfghk navigators =to disregard the cofiolfs correction, 
This particular c o m c t i o n  varies dimct&r as the grourrd speed,Prnd a t  500 knots 
would represent a sh%ft i n  position Pine of 32 nautical m.%ha i n  lat i tude 70oN 
and 'U  nautical a l e s  i n  lat i tude Wo Care W%11 therefore have t o  be taken 
to  ensure that  t h i s  cor~ec t ion  2s applied, It is wiUke3y that  erstmdroms 
w i l l  be provided i n  turbo-je=t airliners due to  the Ugh pressme difference 
a t  the normal cruising al t i tudes and the w s  of had-held sextants mag ax, 
longer be feasible unlees an optfeaXQ f l a t  glass plate having the strength 
t o  withstand the pressure dffferenee, aodd  be designed, Perfscop5c hIbb1e 
sextants would seem to be necessary %f a s t ~ o n o ~ c a P  navigation %s desbed* 
Some attention m q  have to be given b eharts to be used fop en-zouh nav%- 
gatioa, particularly in the choice sf %he scale, A turbo-30% aeroplane having 
a ground s p e a  of 600 knots would cover necup%y f o u ~  inches of the world aem- 
nau t i ed  ohar t  (IcAO Ps1,000,008) 19 f ive  minutesg Them charts would be 
needed i n  the vicfnfty of the termfm$s and alternates but fo r  e n - r n d  
nav3,gatiora a scale of approximate3,y 31s 5,$X#),880 may be required, 

1% w%ll Pmdoub%edly be worPDhwM~ to  aontfme a t h  and %s develgcp the 
technique of pressure pattern flying becausse the rat30 cf w i n d  speeds 4% 
airspeed at the cruising erlt i tud~ sf t h e  ~ o n h r n p r q  re~ipmeat%ng-en&ixmi 
aeroplane w i l l  not be mater3afQ d3,fferegl$ to the I- P~L%JIQ An %he eam of 



the turbo-jet aeroplane, the P1vof'oPd increase %E airspeed being matched by a 
similar increase i n  wind speeds, It probable tha t  the e s m r  of r a d h  
altimeters now available does noti sxmed 50 fee t  a t  4.Q,OOO fee t ,  an error  
which w i l l  probably Be reduced i n  the near future, %% 25 fee t ,  On the other 
hand there is  Uttb prospect of guaranteefng a compasa le accuracy at, the 
sage a l t i tude  i n  the case of the barom~tsic &Mmeter. el 

It has been suggested that drift s ights  w $ l l  not be worth i w t a f l f n g  i n  
tolsben-jet aeroplanes, and tb.e pract ical  dhff i@ul l i ss  of f%t%fng a *Aft s ight  
in a pressurized aeroplane are  w e l l  appreo%ated, Hwever it has been reported 
by an e x p r i s m ~ e d  a i r l i n e  captain that he has often found a drift s ight  useful 
when cruising a t  25,000 feet even when the surface was obscured, On several 
occasi.ons his f i r s t  indication of the presence of a j e t  strt3m has been obtained 
by observing an mumS1%Q. large d r i f t  an@@, If the surface i a  not visible, such 
drift readings are taken on cloud for.naatSom maqy t h o w a d s  sf fsef  below a d  
beyond the influence of tihe a b n o m f  w b d  ape& a-t %he a%tit .de sf the 
aeroplane, 

ThePe are still  10% periods during which astm navigation emnot ba 
used i n  modern reciprocating-e~agined aeroplanes because the sky is obsoqsed by 
cloud, Turbine-engined aeropPsmes pmtieular ly  those pwwemd zith turbo-jets 
w i l l  normally cruise above the weatlaer and them WAX be few oeeaaions when 
a s t m  navigation canneat be used, Tbm however e%%Eb be an urgent r~e- 
qubment  f o r  a long distance rad%o navigational a%d and although it Is 3.mpr== 
tame that the indications givenu by such an a%d a m  both aecewa%e an3 reliable 
the emphasis w i l l  be on qmad of inQ%erpretatisn, 3% already b e n  pointed 
out %ha& the f%igh% navigator w i l l  have to work much faster aed the dewbop- 
m n t  0% a long distance radio mv%ga%i;fom~ a%d that can prov5de a near to 
instantaneous indication of psitioril  w i n  undoubtedly make a valuable contri- 
bution t o  the safety of air navfgatfon particu%arB.p i n  the case of high speed 
aeroplanes operated a t  high a l t i tudes  over weas w h e ~ e  ahor* distance navi- 
gational aids are  mt available, 

It is  important, f o r  example, that the Zl%g2a% @pew ahodd have a timely 
indication of any ~ u b s t a n t ~ f a l  change in ground spsed wkLch m$ght be caused by 
an unexpected encounter wit31 a Jet stream, In these efrew4%aaces the e a r l i e s t  
possible w a r a t n g  should be g%ven so t h a t  f u l l  advantags can be =k,&cen of a 
strop* tail wind o r  appropriate laeaswes taken t o  a1~05d a he& xid, The 
need f o r  a long distanecj rad%o navigational d d  tha t  e8.n g3.v~ a reUab1e 
ind%cat%on of positiora fa tbs shopba t  possible tine becomes p ~ ~ t i e u 2 a r l y  
acute when the f l i g h t  crew are  too presocup5ed 5x1 dealing wfth an emergency 
to cope with my tw-eompmn%ng mthsd of fbing posi$%on that requfmoes 
urmclifided attention, The mBrked increase in speed b~ought  about by the 



fntroduction of turbine-exfned aeroplanes will also bring about a corresponding 
increase fi the need for speeding up radio communieatfons such as aircraft 
movement messages, position reports, meteorological infomation and d g a -  
tional warnings. 
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?ART III+- PROBPiBLE EETEGT ON A I R  NAVIGATION PR13CEDUT(ES 
OF THE aPERATION OF TURBINE4NGINED BEROE'LMES 

I 

As already mentiomd i n  P a r t  I* - k;sner& a prototype turbo-propeller 
aixliner has already been flown, on a scheduled mmLcs between London and 
Pmfs a distance of som 206 nautical a l e s ,  The s ew608  =re opera+&d 
batween 10,000 and 12,000 f ee t  at g true &speed of app~aarh%ely 240 knots, 
The average block-to-black ti= was about one how and the &el conmtmd 
a p p r d t e l y  2,300 lbs  which was s l f&t ly  l e s s  than half the t o t a l  f ue l  carried, 
T h i s  particular aer~plane can, however, be operated more economically on longer 
stage lengths of the ofder of 500 - 1,000 nautical mfles, T b  fac t  tha t  a 
turbine-engined aeroplane was f i r s t  used In the sunrmer of 1950 for  e-ing 
passengers on an international. air route is  perhaps not mmarkable i n  i t se l f ,  
since the aeroplane concerned had been flmg s u c e e s s ~ W y  for two yews, It 
is perhaps of greater significmee t o  note tha t  it f i t t e d  mobtrv.sively into 
the regular air  t ra f f ic  pattern on a f a i r l y  heavily congested route, No 
special landing priori ty was granted by a.5~ traffee control and the f l ights ,  
which took place dwfng the holfday season, foe,  a time when aphe t r a f f i c  
density on t h a t  particular route was a t  its highest, wrs opera%& i n  just the 
same w a y  as those carried out on %he ssune route by contemporaxy raeip~°ocating- 
erg;ine d asroplans s. 

1% rnay perhaps be assumd, in the l i g h t  of this particular exper:le~ncs, 
that euly air navigational problems tha t  m y  ar ise  in operating tmbbe-engined 
aeroplanes on c a p a ~ a t f v e l y  short hauls d%1. be resolved witha% such diff i-  
culty, Diff icult ies are, however, more lfkely to arise on the longer routes 
where mch more w O l l  depend sm the &c@uracy ~f naeteorological hforiwt-ion, 
the efficiency of the air navigat3.0nal services and the skill of the operating 
crew, A more r ea l i s t i c  appraf sal of the probable effects  of Shtroducing 
turbine-engined aeroplanes i n t ~  c i v i l  a h  transportat;.bon can perhaps be 
obtained by revie- the more i q o r t a n t  problem that may ar ise  in operating 
turbo-jet a i r l b e r s  no-stop over a typfcdl stage length of 2,000 nautical 
dies and compm3ng these problems with those associated with the operation 
of contemporary aeroplanes powered with rse3,procatirag engines, T h i s  has been 
done i n  Append& "B* t o  th i s  circular, 
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)- 
EN6INER- ON THE WORK OF ICAO 

A s  already pointed-out fi Part  I - General, the time seems t o  be close 
at hand when aeroplanes pornred with tu rbhe  engines and aeroplanes powered 
wfth +reciprocating engines w i l l  be psed side by side in i n t e m ~ t i o n a l  a i r  
tPaizsportatio% It w i l l  allso be apparent *om the problem deserfbed 5.n the 
p~e*@eding paragraphs and the fllus%ra%iona given that  the advent of the turbine- 
eng-d aeroplane will have an impmtmt bearing on the futupe work of ICAO~ 
In  the followfig p~agr.$h9 refe~ence is made ' tb 'some of the m e  fnpostGt-  
items that  w i l l  f a l l  w P t h f i  the scope of the various actfvi tfes of t M s  Okganf- . . 
satTan, 

.- 
It is pwbabbe that  the bulk of the additional mrk  load a r i a h g  from 

t b  advent of ePurbhe-eng3.ned ae~opbanes w i l l  be related t o  Airworbhihess and 
Ope~atfons, A The Standards and Recommeaded Practices felt" tm 'tests of turbfne 
en- s and assoefated propl lers ,  which were proposed 1 by %he Airnor th3.m ss 
Divis%on a t  I t s  T-d Sessi.on,were d o p b d  by the Council for  hco~porat ion.  
iPn Annex 8 t o  the Ch5eago Convent5lana on 26 Jane 195Q and beeam effective on 
1 Jan- l95L 

 he ~ i v i s i o n ~  st 'its ' F ~ ~ Y Z P ~ B  SassLon, .la ~ c l ; - ~ p r a  195d, popowd 
Standards and ReasaevAed P ~ a o t f  ee s fo r  thd 3. nstalla%ionc of t t t rbhe powep- 
plahts, theLacesptmce td lqxuie  "ol? owerha&d turbf ae engf ne 8, &d tge effects  
of ,atmospheri e h& fQ '  .and &ee ~watef~ on power output' &f turbbie so These 
*re adopted & thii C 6 u m i l  for ineorporatf* fri Annsx 8, on. U' Nbvember 1951, 
The Divi sion af so 'df smbPed the '8fol%owing ' sijbgect's fa their - l a t i  on ef ther t o  
high s'peed, Ugh alti~,a& Bs*Pirpfanes h' gelleral or speciffeAl.ly t o  tu rbhe-  
en-d aeroplanes:- j t $ @ j ~ ~  airspeeds, gust magnitude and frequenq, &polastic 
problems, cabfn proessm~ser~,io~~effeets of atmospheric temperature ad - i c ing ,  
Reeommeadat.iora9 were* made-c omerning the,' keeping* up to-date of. the- standard9 -- 
fo r  turbine-engim type approval. already adopted, and the standards for the 
instal lat ion of turbene powerplants recommended,for adoptPon i n  the near future. 
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I n  addftion, the D~vision,proposed t o  organize a t  future methgs an exchanp 
02 views on problems related t o  powerplants and t o  the period between engfne 
mf3~haul~,  

One of the reasons f o r  the e s t a b l i s h n t  of the previously mentioned 
Inbmat fona l  S t d a r d s  and Recommended Practices far turbine-engined aero- 
planes was that  several of these aeroplanes would shortly be submftted t o  
naaP$~naJ. a$rworthirujss auth&$%ies for  c e ~ t i f f c a t i o n ~ f o r  use &r c i v i l  air 
transportation and that delay ill the'establishment of intema.tfond require- 
mats would hepease %he lfkelihood of marked divergeneas 5.n nat5ona.l practices 
fo r  aertificatfon,, This a lso  applf es  t o  anyLspecf a1 treatment that  may be 
required for these aeroplanes f n .the Operating Limita%f ons of Annex 6 which 
are bomplemntary t o  the perfoiPlance standards of Annex 8, However, d t h  
regard t o  the other standards bf Annex 6, the likelihood tha t  delay 5n stand- 
Gdfzation would tend t o  increase divergence in nat ion4 cannot be 
questioned but %hfs possibi3ity must be weighed against the disadvantage of 
eomening a meeting a t  a t im when the delegates a m  insufficiently prepared 
Le, dfscuss n e w  standards a d  the danger that  undue hers% may lead $0 the 
preparation of 5nmatuz-e s tadards ,  The S%andards con-ned i n  Annex 6 to  the 
Chicago Convention are based on operating practices t h a t  have proved thefr  
wor=bh during the past decade or so of experience in aeroplane operation, It 
Ss true that some of the dfff  icultfes experienced f n  resew agreement on 
eer%a%n of the OPS s t a n w d s  mfght have been lessened bad .%t been possible to  
prepare h e s f  6 some ten yeass earlfer, but it, is  equally true tha% no great 
amount of experience has keen accumulated i n  operating turbine-engimd asre- 
planes &1 c i v i l  a5r transportation so fare 

It is fmpor%arat that  the requiremnts f o r  operating these aeropiataes 
should be speciffed by ICAO as soon as  possible e, g, tb' aecurpaqy required 
$8a $ermfial forecasts, i n  order tha t  the related work of other ac t ivf t ies  of 
%he OrganEsation is not undplly delay6d but it is doubtful whther the tfme 
is  r ipe f o r  the preparation,of %IrternatfonaIoo~ioat9ng practices and proce- 
dures f o r  turbine-engfned aeroplane so No Contracting State suggeetad that  
%he apepation of turbfie-engined aeroplanes s h o d  te d9scussed at  the Fomth 
Session of the Dfvf sion i n  April 195.1, apd, no ,m9h dia&ussf otis have as pt 
taken place within %he Dfvfsfon, ' Hoqver, -it-fs probable that in %be near 
fitme, the need f o r  a possf'ofa modSfication of" the ~ t m a ~ d ~  of h e s t  6 dl1 
have becom clearer and showld this be sos s a t a b l e  discussf ons can then be 
maneed, 
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The operation of turbiae-engfned aeroplanes, particularly those powered 
with turbo-jet engfnes, w i l l  benefit considerably from inoreased accuracy in 
t he  science of meteosology'and from the provision of a d d f t $ o d  observation 
fac i l i t i e s ,  In  effect however this will  be a reciprocal process sfice the 
knowledge gained by actual q e r f e n e e  of sub-stratosphere f lying wfll maka 
valuable meteorological data ervdltible t o  the meteorofog%atse 

Cognizance has been taken of the importance of aaeurately forecasting 
the 'Mnd veloefty and temperaturea of the upper a i r  (owing t o  f%s effect  on 
performance) and the weather at the terminal  and alterna%es, fn view of the 
penalties in terms of increased fuel asnsumption a d  addSt%od hazard, that  
may accrue as a resul t  of bacewate  fmecastal Furthermore, empha~is has 
been-placed on the importame of forecasting the e d e n t  and severity 
of icing conditions and areas of dangerous turbulenceo It 1s &oim%i@ that  t o  
meet such requirements an accurate knowledge of wind and weather extending up 
t o  45,000 fee t  and a more extensive and accurate knowledge of a i r  temperature 
must be realized, 

Apart; from means  of p,avIdSng the necessary foreeasta and in-flight data, 
additional radar wind and radis mnde ascents w f l p  be required in certain 
areas t o  obtain more basic data, The routine collection of more dgta on upper 
air movements and conditions should lead t o  general improvements in meteorolo- 
gical forecasting, the benefits of which wfU be shared by a l l  a i rc ra f t  and not 
only turbine-engined aerop2wes, 

The d e n %  to wM& ~pe ra tbma  planning o f  routes9 t o  be flown by 
turbine-engined aeroplanes is dependent OD reliable meteorologfcal and clima- 
tologicqLl data needs no emphasis. In additfon, it is apparent that t h e  high 
crufsfng speed and necessity for early change of f l igh t  plan necessitates a 

' 

rapid means of communicating t o  the meteorologfcd. information 
r e l a t h g  t o  the  specific flight, 

The MET Division has draady ~ a ~ o g n f a e d  the bportanea of many of these 
problems and the re o endwt%ona mads at the Thipd Sesseon of" the  MET Division 
held in March 3.950 713 fncPude the f olloving items that w i l l  have an impo*ant 
bearing on the operation of tux-bine-engfned aeroplanes:- 

a)  requirement,^ for. gust h f o r m a t l o n  at  high al t i tudes i 

b) World network of qper air observation stations and upper 
a i r  analgvfs centresp 
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e )  Procedure for pressure pattern fl-, 

d) Standard classification for types of aircraft $cSng, 

.e) Meternological information for f l ights  at; high levels, 
C 

f )  Applfsat2on & tempera*@ and hmidfty aocmntabf1it;g as 
appljled to hternat tonal  air navigation, 

T b  possibility of increasing the accuracy of termfnal fo~ecas t s  was 
dfseussed at the W d  Session of the  HET Mvlaion but sfice ful l  considera- 
@&on t o  this problem could riot ba given at  that  tfrne it was placed on -the 
Diwfdonss Work L i s t  and classified as very urgent, S p e c t a a l a ~  i q r v r e m n t s  
i t a  %he accuJ:acy of m;tearolog%@al forecaat5ng cannot be e x p ~ t e d  t o  occur aver 
nightQ Even in a comparatively well organf zed regf on such w the North 
Atlantic, ths freqwncy and distribution of upper air observations are by no 
mans adequate a d  more money and effort 3s needed, not only to improve the 
oksematfo2lal rretwork itself but to hprwe the accuracy of the instruments 
mad, Sonre of the cmePool8 operational. requirements for msteos~ological and 
~l%matological Mormatfon that will accompany the advent of tlarbfne-engfned 
mrsplanss i n  air transportation ape already known and all poas~ble steps t o  
m e e t  these requirements m e  being taken, 

A- RW3 OF TTB A I R  .AND A I R  T W I C  CONTROL 

Air Traffic Control w i l l  also be vltally concerned with the operation 
of turbhe-engired aeroplanes particularly sfice su& aeroplanes trfU be 
mre beav5ly penalized by tPaff fc delays, especially delays .jln Panding,, 
%Plan contemporary reciprocating-engfned aeroplanes, With regard to  take-off, 
both air speed and rate of cl$mb are xu& higher In turbine-enghed aar* 
planes than in piston-engined aeroplanes but the net effect is that the 
agbe of climb is not sig~if8catrtly dfffesent up t o  an altitude of approxi- 
mately 10,000 feet,  

The speeds of turbfne-engLned aeroplams are such .that reUance oan no 
Isnger be placed on pi lo ts  seeing each o t b r  in time to  take my necessary 
avsf&ng action, even i n  the &st visfbilf  ty, Furthermore, the pr~longed 
ahages of alti tude on climb and descent, and the inaccuraciee of barom t r i c  
altimters a t  great altitudes, fndicate that  the present Quadrantal R d e  
Ptself will no longer suffice for separateon purposes, The range sf turbine- 
sngbed aeroplanes decreases rapidly with decrease in alt t tude and under 
maxiam range condiaons the speed w i l l  also deerease somewhat with decrease 
i n  altitude, The cruising speed f o r  the turbine-enginea aeroplanes all also 



be close t o  tb speed a t  which nmximu~il coritinuous power is required, Red1.1~- 
t ions i n  cruising speed may resul t  i n  reduction i n  range, Because of these 
trends, turbine-engined aeroplanes wi l l  usually cruise at  altitudes close 
t o  the* operating ceiling and m&y be somwhat inflexible with regard t o  
changes i n  cruising altitnde, 

1% appears, therefare, tha t  A i r  Traffic Services should provide turbine- 
engined aeroplanes with separatf on.:at., a l l  t i m s  during f 1% ght, ' T h i s  applie s 
both en route and near aerodromes,~ This i s  particularly important near aero- 
&oms i f  a turbine-engfasd aeroplane experiences a balked landing and has t o  
overshoot because of unexpected interference from other aircraft ,  as it will 
saddle the operator with unnecessary expense due t o  the heavy fuel-consumption 
of t m b i  ne-engine d ae poplanes a t  lower al t i tude so 

It is  no% anticipated that high.traffic density w i l l  occur at al t i tudes 
above 20,000'feet in the Srmnedfate future so that  separation by a i r  t r a f f i c  
services at  such al t i tudes s h d d  not impose a great deal of difficulty. 
Separation of turbine-engiried aeroplanes at high al t i tudes may be more effecti- 
vely accomplished by la te ra l  separation than by ver t ica l  separation, This is 
indicat;e'd by the fact  that  f o r  extended perj.ods of f l ight ,  turbine-engined 
aeroplaries may be required t o  change altitude, for operational reasons, in 
order to reduce fue l  consurmpt%on, These changes i n  al t i tude would require the 
ver t ica l  separation t o  be sufficiently large ,to compensate for the inaccuracies 
i n  the present barometric a l t im6 te r~ j  fn order to  ensure safe separation. This 
does not necessarily mean, however, that  vert ical  separation should be comple- 
t e ly  ruled out, It may ~ 3 . 1  be that  many  aspects of the current methods of 
providing separation can continue-to be effective, I f  it is determined that  
the presently used system of controlled airspace is deemd hadequate, it 
naturally follows that  different procedures should be applied within the upper 
airspace a b e  20,000 feet, It is suggested t h a t  th a i r  t r a f f i c .  control 
procedures eould b paktermd after  those presently applied i n  the North 
Atlantic Region, Whatever term may be given t o  these upper airspaces, for 
efficiency, they should be as large as cbmrmuzications w i l l  permit, It would 
appear desirable t o  further the application of HF R/T, 

%low about 20,000 feet ,  the o p  ration of turbine-engiried aeroplanes 
becorns very uneconomical in fue l  consumption, This suggests, therefore, tha t  
when practicable, pilots-in-command should be given as much warning as possible 
of any anticfpated landing delay before descending from cruising altitude, The 
pilot-in-command can then absorb the major portion of the delay be adjusting 
air speed 'or by holding en route a t  high altitude, Secondary holding may 
somtirqes be necessary t o  absorb errors  i n  the estimated delay and i n  ETA a t  
the control zone "gate" and allso t o  phase in. the approach with those of piston- 
engined aeroplars s, The approach path and secondary holding point should be 
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chrism- so BP to p r m i t  the tilFbine-engisli~d aeroplam to make an m o b t m c t s d  
approach t o  l m d  i n  i t s  correct turn. It may be necessary t o  provide the 
turbine-engined aeroplanes with a descreet track separated from that  followed 
by piston-engined aeroplanes so as t o  accomplish the unobstructed approach. 
The secondw holding point should be a t  a s  high as altih.de as possible so 
as to obtain the most eff icient  operation, The problem of safeguarding 
a i rc ra f t  w h i l s t  they are descending from high al t i tudes into the control 
zone naturally depends upon circumstances, For example, where control areas 
exist,  air t ra f f ic  control might be required a t  all. tirnes a t  those altitudes 
l ikely t o  be occupied by regular services. Consideration should also be given 
t o  the problem of providing adequate separation a t  busy &ports at all times, 
irrespective of weather. Thfs nay reqube a change fn the present concept of 
cmt ro l  zone sb 

On the question of diversfon, except in the case of very shorbrange 
diversion, it may be mcessary fo r  diversion arrangements to  be made while the 
a i rc ra f t  is at  a high operating altitude, T h i s  leads t o  recognition of the 
necessity for  ef f ic ient  operational con-irol and of adequate fixed and air/ 
g~ourd comnmications for  th i s  t o  be exercised d f t l y .  Anothep significant 
factor i s  the need for  close l iaison between air t raf f  i c  control and opera- 
Mona1 control so that decision can be made w e l l  i n  advance w t o  whether 
diversion is  rscessary and to which alternate, By th i s  mews, the fue l  
reserves of turbine-engined aeroplanes WXU be employed %o the best advantage 
and the greatest possible margin of safety together with the avo5dance of 
inconvenience t o  other t ra f f ic  may be obtained: 

It appears that  &ole time fligM, separation is advisable fo r  turbine- 
e n g b d  aeroplanes operations and th i s  i s  Likely t o  necessStstte the intro- 
duction of s aew concept of controlled &space at  al t i tudes abwe approxima- 
t e ly  20,000 fee t  providing such separation by procedural or radm methods, 
It is not considered tha tp in  most lower airspaces, the concept of reg&- 
t i o m  based on IF'R and TTFR ~ e q u i r e  al terat ion a t  his stage by the %ntroduc- 
t ion of turbine-engined aeroplanes, However, at  the most important mro- 
&omes, which are those l5kely to be used by turbine-engbd aeroplanes i n  
the f i r s t  place, consideration should be given to  the possible need for  the 
provision of separation by Air Traffic Control a t  al l  times, irrespective of 
weather, within what are presently known a s  control zones. The safeguarding 
of turbine-engined aeroplanes i n  the i r  descent fmxn high altitude into such 
zones needs t o  be considered according t o  circumstances and could be effected 
by efther radar or  procedural mans, 

The following are considered t o  be the essential  features respecting 
the controlled airspace a t  high altitudes: 



1) Such upyep airspace be def b e d  without reference t o  
natf onal boundaries8 

2) Flight bformati on and alerting serv?ices w i l l  b provided 
within them: 

3 ) An additional requfremnt. dU exis t  tha t  dl' ajrcraf t flying 
fn'those regions w i l l  be subject to control a t  a l l  times irrespective . . 
of venther nnnd4 t.$nnn- 

The Standards and beommended Practices f o r  the phgsPcal characteristics 
of aerodromes and fo r  obstruction clearing and markfng, as set  out in  Annex 34 
t o  the Chicago Convention9 are based on the  operatfon of reciprocating engined 
aeroplams and may have ts be revised in . the  l i ght  of turbo-jet aeroplane 
requirements, The Aerodromes, Air Routes and Ground Aids Divlsion,at its 
F m t h  Session held fn November 1949, was well aware of this possibility and 
included i n  i t s  work list an %te rn  entStled wAerodro~  design in relat ion t o  
jet a9Pcra" The Secretariat hare issued, fn accordance with a recommeda- 
t ion made by the Divfsfon, XCAO C h c u l w r  17 - AN& ent i t led  "The effect  of 
turbih'e-powexed efiPff aire~aft. on the  design, construction and equSpment of 
lcurd m r o d r o ~  sH , 

Present indications are that It wfll be possible to  operate turbine- 
engfned aeroplanes from exf st ing aerodrollle s handling reciprocating e n g b d  
aeroplanes of sim5lu sf ze except &ere high temperatures axe experienced 
whereat 3.t may b necessary %a increase runway lengths, Certain other changes 
may also be found deeirable in the in teres ts  of efficiency as for  example some 
reduction in the conqilexity of mway and taxiway layouts to  enable both Che 
afp and ground t r a f f ic  patterns t o  be simplified, improve&nt i n  taxiway design 
t o  pe-t of taxyfng a t  ,high speed, the proviaion of branched taxiways t o  
anable..statfonary aircraft ta be bypaaeed, eteo In addition, som considera- 
t ion may 'have- t o  be given "to * the surf ace 'treatmerit of aprons, taxpays 'and 
the ends of runways where "blast" and fue l  spillage effects  may cause deteriora- 
t ion, 
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The nsed for  revising the Personnel Licensing Stanlards la take account 
of the sharp upward trend i n  m i s i n g  speeds fs l e s s  than might be expected 
because these Standards have k e n  drafted in very general terms, , Some mfior 
amendments may however be necessary in the knowledge r a q u i k e ~ n t s  for the a i r  
t r a f f i c  controller, f l igh t  navigator, f l igh t  radio operator and f l l gh t  opera- 
tions officer t o  take fnb  account any Important change fn the techniqw of 
air navigation brought about by a nearfy twofold increase i n  w i s i n g  speeds, 
With regard to the operat5on of turbine-tngined aeroplanes per seo some 
amendments may be m c e s s q  in the knowledge reqxdremnts fo r  the various 
pi lo t  1% cences to  p~ovide for a thorough mdesstandfng of the fuel  consump 
tfon characteristics of the turbine engbe and for more emphasis on tbt? 
importance s f  c o m e t  engine handling, 

It is probable that  more extensive amendmn%s w%U have t o  be made to 
the curricula for  courses of approyed 'training which b v e  to  be prepared fn 
more de t a i l  than the basf c knowledge requiremnte included in Annex 1 t o  the 
Chicago Convention, These e m i c u l a  &ll have be revised, wt only t o  take 
fnto account airspeeds of the order of 500 h o t s ,  'Inat also the special charac- 
t e r i s t i c s  and operational problems assoe$a%ed with .turbine-engbd ~~~~~~so 
The need f o r  revis5on w i l l  also apply to tb Trai- Manuals 'and fn  particular 
to the specimen e x d t l o n  que s t f  ons whf ch have so fap been based almost 
e n t k e l y  on the operatcfon of modern reeiprocatlng-engfned a e r o p h  s, 

In  the aphef'e of communicatf ons it is  recognized that the adv0n-k of 
turbine-enginsd aeroplanes with thei r  high cruising al t i tudes and substan- 
tially h r e a s s d  cruising speeds, meentuates an existing ~ e d  for a rel iable 
long r&ge navigation aid along trunk routes, For the present the principal 
aids win be Loran, Consol, ~ / M F  radio ranges and beacons i n  conjunction 
with the radio co-ssa . 

To f ac i l i t a t e  an accurately controlled letdown by tiurbine-engfned 
aeroplanss, which is so importad in view of t b f r  large fuel  mnsvrmpt5on 
at' low altitudes, an accurate navigational aid is  essential, It is believed 
that the most suitable navigational aid would b some form of track guide 
together with aistance meas,mfng equipment on 1000 megacycles, which would 
indicate position and track fo r  d e s t m e s  up t o  200 nautical miles, provide 
range indfeatlon trp t o  200 nautical miles a t  high altitudes, and i n  addition 
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pePmtlt ho-g fac%lit%es t o  be employe'd bf necessary, Pending the avafla- 
bfkity of such rn aid, MF beacons and kanges together with VHF/DF wfll be the 
pPficfpal navigation aids, B~ovision of additional beacons or increase of 
power, and addft i  o n d  W/DF in certain areas along trunk routes n q  be found 
necessary* 

A% turbine-engfied aeroplane cruising altitudea,We range of VHF w i l l  be 
extended considerablyo as  dl1 the area of Snterference, Thfs dl1 give r fse  
t o  serious problems in congested areas such as Western Europe, untU such t+ 
as  new f requencg dispensat%ons, using more channels, ' becom practicable, 
Saturation of VHF channels fn other areas is not believed t o  be a very serious 
probbem and spe cf al ammgerre n t s  f o r  turbine-sngimd aeroplam s w l l  be m ~ b  
ee s aary,, 

T b  effects on perfomernce of turbine-engfned aeroplanes a t  low altitude 
and of en#ne f aflure, requiring as  they do9 early deei sf on on change of f Bght 
plano fnerease the value to the pflot of fnformation and fnstructiona received 
by radio, Since change of plan is frequently determined by condftfons at  
destination or allternate aerodromesp means of d i rect  communication with the  
terrnfnal aerodroxms may prme t o  be desirable, in which case the provisfon of 
rapid and eff icient  meas of long range air/&round communfcations w d d  
require to  be oonsfdered, 

The advantages of HF R/T fo r  ah/ground c o d c a t i o n s  are widely 
~ecogni  zed and the mcommendati o m  aryl decisions of ICAO RAN Meetings fidicata 
a definite trend towa~ds the employment of thf s medium, That HF R/T wPEl have 
even greater advantages a t  tmbine-engined aeroplane cruising speeds is clear, 
nevertheless the requirements of turbine-engined aeroplanes cannot be divorced 
from the overall policy on HF R/T which mus t  be desfgmd t o  m e t  the require- 
rm&s of dl aircrafto As one of the mans of establishing diPect speech 
c o ~ c a t i  on between turbine-engb d aeroplanes and Flight Infomati on - 
Centres, consideration may have t o  be given t o  the provision of HF R/T a t  a l l  
F l i gh t  I&amat&on Cen%res, 

The fitrod~nePlf on of turbf nekngined aeroplanes k i n g s  in to  stronger 
re l ief  some weaknesses which exist w%th regard to the rapid transmission of 
movement traff i c me ssages over er nautical Fbed  T e l e e ~ c a t i  ons CfPcuits, t 7 'Rw C@l Divfsfon (4th Session) has already gjiven conside~ation t o  €his 
matter and has f ' s d h d  recommendations (Nos* U 8  and 1~9) relative, not 
only t o  t r e a h m t  of Phe problem but t o  how b e t  it may be resolved, 
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It wauld appear that  other A i r  Navigation f ields fee, Search and Rescue, 
Accident Investigation and Maps and C h a r t s  w i l l  also be concerned with the 
problems arising f'rom the advent of the turbine-engined aeroplane i n  c i v i l  ah 
transportatfolb No nt3w sewah and rescue problems of a general nature are 
expected t o  ar ise  but the equipment of rescue uni ts  may have t o  be adopted, 
I f  experience shows that  turbine engined aeroplanes are substantially different 
from reciprocating engined aeroplanes in matters such as those associated with 
ditching and flotation p r p r t i e s ,  it w i l l  be necessary for  Search and Rescue 
t o  study the effect of such differences, Annex 13 t o  the Chicago Convention 
deals mainly w i t h  administrative problems and should not b affected by the 
advent of turbine engined aeroplam s, however, som additional mater%al may 
have t o  be included i n  the Manual of AfPcraf't Accident Inves%igat%ora, 

bference hers already been rnade t o  the scale of charts used %n a i r  
navigation and an exchange of views on .thf s sub jet% m%ght be required, The 
scale of 1:3,000,000 contextplated fo r  a world series of plotting C h a r t s  may 
prove to be too large fo r  the operatfon of aeroplanes f l y i n g  a t  ground speeds 
which may reach 700 knots, A t  th i s  speed an aeroplane would cover approxima- 
bl$ seventeen hches  on these charts fn one 'hsurfls flyingo A atage length 
of say 2,500 nautical mfles would be represented on t b s e  chart@ by a d i  stance 
of about sixty inches and this would make the chart too large, Them 811"e many 
advantages in  c a ~ r y b g  out the navigat3.onal p l o t t h g  required fo r  m y  one 
stage length on one sheet and it seems that  a scale of 125,000,OQB w d d  be a 
better  choice for  the operation of tnrbfis-engfned aeropl-9s OWP stage 
lengths of 2,000 - gsOOO nautical mfbs, 
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THRUST AND FUEL CONSUMPTION DATA OF SELF,CTED 
TURBINE AND RECIPROCATING EXGINES 

Many a rb i t r a fy  assumptions would have t o  be made in'making a 
precise  quant i ta t ive  evaluation of the  differences between the  fuel 
consumption charac te r i s t ics  of turbine engines and those of reciprocating 
engines. Assumptions would have t o  be made concerning a va r i e ty  of - fac tors  
such a s  the aerodynanic charac te r i s t ics ,  range and operating a l t i t ude .o f  
the aeroplanes i n  which the engines a r e - in s t a l l ed ,  If such an analysis  
were made it could be argued tha t .  *he conclusions were va l id  only-for  t he  
par t icu la r  aeroplanes under consideration. However, f o r  the purposes of 
t h i s  c i r cu l a r ,  it i s  considered t h a t  r e l i a b l e  conclusions can be drawn 
from a qua l i ta t ive  e v ~ l u a t i o n  based on the data fo r  the  engine i t se l f*and  
the following Tables (see overleaf)  have been prepared on .this premise, 
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Table 1 
s e a  Level 

1 Aeroplane speed 

2 Thrust ,  j e t  engine 

3 Consumption, j e t  engine 

t 4 Power, engine d r iv ing  a p rope l l e r  i 
Consumpti on, turbo-propeller  t 5  

! 
V K Consump'tf on 

Table I1 
Altitude: 35Q0Q0 f e e t  

r 

1 Aeroplane speed 

1 2  1 Thrust ,  j e t  engine 

I 
i 3 Consump t i o n ,  j e t  engine 
!I 

1 4  Power, engine d r iv ing  a p rope l l e r  
I 
I 5 Consumption, turbo-propel ler  

6 Consumption, r ec ip roca t ing  engine 

NO& l - Prope l l e r  e f f i c i e n c y  of 80% assumed. 

Note 2 - The f i g u r e s  given f o r  t h e  consumption of a r ec ip roca t ing  engine do n o t  
give a t r u e  ind ica t ion  of t h e  f u e l  consumption of an aeroplane equipped wi th  
rec ip roca t ing  engines'and t r a v e l l i n g  a t  400 o r  500 knots. The r a t i n g  of t h e  
engines would need t o  be m c h  higher than t h e  power required  t o  d r i v e  t h e  pro- 
p e l l e r  a t  c r u i s i n g  speeds, p a r t i c u l a r l y  f o r  t h e  higher a l t i t u d e  operat ions.  
Reciprocating engines a b l e  t o  develoP t h e  necessary power would have a much 
higher drag than t h e  tu rb ine  engines,  which would inc rease  t h e  power required  
and t h e  consumption. 
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T%f@ERATURE AND WLOCITP OF EXHAUST CASES 

Table I11 

Temperature, OF 

Table IV 
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THE MORE: IMPGRTANT PROBLEMS THAT M U  BE 
ENCGUrjTEHED DURING A TYPICAL FLIGHT 

1.- ASSWD AEROPLANE AND ENGINE CHMC'TERISTICS 

It i s  assumed fo r  the purposes of t h i s  i l l u s t r a t i o n  tha t  an aeroplane 
powered by four turbo-jet engines is available and has been designed to cruise 
a t  500 knots. The optimum cruising a l t i t ude  fo r  i t s  gross weight of 110,000lbs. 
i s  assumed to be 38,000 fee t  and the fuel  consumption a t  o p t ~ m  a l t i t ude  
1,250 lbs .  per  hour per engine or 5,000 lbs*  per hour i n  a l l .  This would 
represent a specif ic  fue l  consumption of about 6.9 lb ,  per hour per pound of 
thrust.  It i s  fur ther  assumed tha t  the tanks hold approximately 45,000 lbs -  
of kerosene fuel, l e e .  suff ic ient  fo r  about nine hours cruising a t  optimum 
a l t i t ude  without any allowance fop taxying o r  climbinge ~ P t h  45,000 lbs -  of  
fuel  on board only 10,000 lbs.  of payload can be carried but the desired 
lninimum payload on the part icular  stage length concerned (2,000 naut ical  miles) 
i s  20,000 lbsn TO obtain t h i s  payload, only 35,0(30 l b s R  of fue l  can be carried* 

2 .- PRQXDURE FOR C L M  AND DESCENT 

After take-off a steady ra t e  of climb i s  maintained along the desired 
track t o  the destination so tha t  the aeroplane reaches i t s  optimum cruising 
i ~ l t i t u d e  about half  an hour a f t e r  take-off. The optimum cruising a l t i t ude  
increases as  the weight of the aeroplane decreases &nd since 5,000 lbsr  of fue l  
have been consumed during the i n i t i a l  climb, the weight has been reduced to 
approximately 185,000 l b s o  and the optimum cruising a l t i tude  increased t o  
approximately 39,000 feet. The a i r  distance covered during the climb t o  the 
optimum cruising a l t i t ude  i s  approximately 200 nautical mileso Thereafter 
the r a t e  of .climb i s  -considerably_ reduced .*b jfng main3ained a t  approx*??eu -* 
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1,2Q(B fee t  per hour u n t i l  an a i t ih ida  of about 13,000 fee t  i s  reached i n  the 
v ic in i ty  of the destination. Blternatively t h i s  gradual climb can be carried 
out i n  a se r i e s  of stepss for  example 600 f e e t  every ha l f  hour, without any 
appreciable reduction i n  specific fue l  consumptionD 

The climb procedure used f o r  the turbo-jet aeroplane i s  therefore qui te  
d i f fe rent  from tha t  currently used by the contemporary reciprocating-engined 
aeroplane on a comparable stage lengtho The l a t t e r  aeroplane i s  climbed t o  
i ts  optimum cruising a l t i tude  and power i s  progressively reduced i n  order t o  
maintain a constant airspeed a s  fue l  i s  consumed and the aeroplane becomes 
l igh te ro  Alternatively if fue l  conservation is not considered t o  be of  primary 
rimportance, a constant power se t t ing  may be used, i n  which case the airspeed 
increases a s  the weight of the aeroplane decreases. If the density of the 
upper a i r  i s  considerably below normal, the long range reciprocating-engined 
aeroplane i s  sometimes flown i n i t i a l l x  a t  an a l t i t ude  below i t s  optimum 
cruising al t i tude,  but a s  soon a s  suf f ic ien t  fue l  i s  consumed fo r  i t s  normal 
climb performance t o  be regained, it i s  then climbed t o  i t s  optimum cruising 
a l t i tude .  Apart from exceptions such a s  th i s ,  long range reciprocating-engined 
aeroplanes are  normafly flown a t  a constant a l t i t udeo  

It i s  assumed tha t  the descent of the turbo-jet aeroplane under can- 
sideration i s  commenced approximately 150 nautical miles short of the destina- 
t ion  and the r a t e  of descent adjusted so tha t  a t  a point t h i r t y  nautical. miles 
short  of the destination, the a l t i t ude  i s  reduced t o  20,OQO f e e t o  A t  t h i s  
p i n t  there i s  stell  saf f ic ien t  a l t i t ude  f o r  stacking without incurring an 
undue penalty in fue l  consumption and the aeroplane can, i f  necessary, he 
climbed again t o  optimum a l t i t ude  and flown t o  a d is tan t  a l ternate  withoGt too 
serious a drain on fue l  reserveso After f i n a l  clearance t o  land a much steeper 
descent i s  made so tha t  the aeroplane can, i n  approximately seven minutes,' 
reach a point from which the f ind .  approach is commencedo This method of  
descending from optimum cru%sing a l t i t ude  can, however, be regulated within 
wide l f m i t s ' i n  ce-operation wfth UP Traffic Control without materially 
affect ing the fue l  reserves, i n  order tha t  a r r i v a l  i n  the aerodrome control 
zone can be made a t  an agreed time. It is unnecessary fo r  the contemporary 
~~eciprocating-engined aeroplane t o  descend i n  two stages, since it can cruise 
over a wide range of a l t i t udes  a t  appoxfmately the same specific fuel  
consumption and has i n  t h i s  respect, more f l e x i b i l i t y  in operation than the 
turbine-engined aeroplane o 

30- CALCULATION OF FUEL LOm 

In calculating the fue l  required fo r  the f l ight ,  allowance will have t o  
be made for  the extra  fue l  used dwing the climb t o  optfmum cruising a l t i t ude  



and *unlike the aeropl ane L p m r e d  w.i,t,h reef prncet.lng pfigFms there 1..!ill hP nn 
subs tan t ia l  compensation i n  the form of  decreased f u e l  consumption during the  
descent. Gn the  contrary, i f  hot  a i r  f o r  t h e m a l  de-icing and pressur izat ion 
is supplied by the engines, it w i l l  be necessary t o  maintain a comparatively 
high t h r u s t  during the descent and t h i s  w i l l  increase the  f u e l  consumptiono 
The normal allowance f o r  wind ve loc i t i e s  w i l l  have t o  be rase, plus  an allowance 
f o r  a possible e r r o r  of  say 20 knots in the  fo recas t  of the hznd wind component, 
It w i l l  a l s o  be necessary t o  allow f o r  a possible e r r o r  of  up t o  1 0 ' ~  i n  the 
forecast  temperature, pa r t i cu l a r l y  a t  the optimum cru i s ing  a l t i t u d e  since an 
e r r o r  of t h i s  s i z e  would, i n  the case o f  the turbo-jet  aeroplane described i n  
paragraph 1,be equivalent  t o  an e r r o r  of approximately 15  knots i n  forecast ing 
the wind speed* It may be possible t o  reduce these allowances i f ,  i n  the l i g h t  
of  experience, it i s  found t h a t  the upper a i r  wind v e l o c i t i e s  and temperatures 
<:an be r e l i a b l y  fo recas t  within f i n e r  limitso The normal allowances wo~ild 
a l s o  have t o  be made f o r  minor navigational  e r ro r s ,  diversior-s t o  avoid adverse 
j e t  streams and f o r  departures from the optimum cruis ing a l t i t u d e  t o  avoid 
local ized regions of  rough airo 

Provision must a l so  be made f o r  su f f i c i en t  f u e l  t o  f l y  t o  the designated 
a l t e rna t e  and provided t h a t  the divers ion can always be made a t  the  optimum 
cruis ing a l t i t ude ,  the  fue l  ca r r ied  f o r  t h i s  purpose need no t  necessar i ly  
exceed the corresponding reserve ca r r ied  by a reciprocating-engined aeroplanee 
These i d e d  condit ions f o r  diversion w i l l  not  always obta-in and it w i l l  be 
prudent t o  ca.lculate the f u e l  allowance f o r  diversion on the assumption t h a t  
the-;decLsion t o  f l y  t o  an a l t e rna t e  may not be taken u n t i l  the aeroplane i s  
at$.an a l t i t u d e  of  20,000 f ee t  o r  even lower, i n  the  v i c i n i t y  of the des t ina t iono  
&I alIowance must a l s o  be made f o r  stacking, e i t h e r  a t  the des t ina t ion  eero- 
drorne o r  a t  the a l t e rna te ,  the  ac tua l  amount of. f ue l  depending on the  t r a f f i c  
densi ty  s t a t i s t i c s  and the  e f f icacy  of the  a i d s  t o  approach and landing, The 
proposal t h a t  the turbo-jet  aeroplane should be stacked a t  an econorrical 
c:&sing l e v e l  and make a s teep descent a s  soon a s  landing i n s t ruc t i oa s  am 
received has found general approval i n  pr inciple  by a i r  t r a f f i c  services  
au tho r i t i e s  The f u e l  r e  serve f o r  stacking the turbo- je t a i r l i n e r  de scribed 
I n  paragraph 1 could therefore  be based on say, one ha l f  hourf s stac!sirq time 
a t  20,OCKI f e e t o  The same endurance could be obtained by shut t ing down two 
engines i f  it became imperative t o  s tack  a t  a low a l t i t u d e  but i n  t h i s  merit 
it  would usual ly  be necessary t o  accept a commitment t o  land a t  the  eerodrome 
concernedo 

The penalty of  increased f u e l  consumption following the  f a i l u r e - o f  one 
engine on the type of  turbo- j e t  aeroplane under consideration w i l l  be sKal l ,  
provided t h a t  the a l t i t u d e -  i s  reduced by about 5,000 f e e t  t o  the  optimum 
~ l t i t u d e  f o r  c ru i s ing  on three  engineso The f u e l  reserves  of contemporary 
reciprocating-engined aeroplanes operating t r a n s - o c e a n c r ~ s s i n g s  such a s  



North Atlantic ape however besed an tklu,  a b i l i t y  to math a landing p i n t  If 
fa i lure  of two engines occurs a t  the most c r i t i c a l  timeo For the turbo-jet 
a i r l i n e r  under consideration, the o p t i m  two-engine emzising z l t i tude  would 
be about 12,000 f e e t  and again the fuel consumption i n  a i r  Jniles per pound. 
would not be much increasedo The fuel reserve t o  provide fo r  a f a i lu re  of two 
engines on the twbc- je t  a i r l i n e r s  would therefore not exact a substant ial  
penalty unless there was a p s s i b i l i t i y  of'having t o  deviate in order t o  avoid 
very high t e r r a in  o r  a region of dangerous weathero It i s  assumed tha t  an 
allowance of 1,000 l b s o  of fuel  i s  carried t o  provide for .  the possfbi l i ty  of 
fai lure  of two engineso 

Failure of cabin pressurization and the concomitant need t o  fly a t  an 
(altitude of 12,000 fee t  or  l e s s  would handicap the turbo-jet a i r l i n e r  more than 
the contemporary reciprocating-engined a i r l i n e r o  The fue l  consumption would 
become prohibitive a t  such a low cruising a l t i tude  i f  a l l  four engines were 
kept running and i f  it were not possible t o  make an emergency landing a t  some 
point along the route, it would be necessary t o  shut down two engines i n  order 
to increase the rangeo I f  t h i s  were done the operational handicap described 
i n  the previous paragraph for  the "tm engine outa case, would apply, Problems 
ar i s ing  from a fa i lure  of cabin pressurization coupled with the need to  re ta in  
suff ic ient  a l t i t ude  fo r  clearing high terrain,  o r  avoiding dangerous weather 
-~ould be common t o  both turbine and reciprocating-engined aeroplanes. 

In calculating the Tuel load it w i l l  a l so  be necessary t o  allow f o r  the 
fuel needed f o r  taxying to  tbe unloading ramp a t  the destination aerodrome but 
i t  can be assumed tha t  the fue l  used i n  taxying and id l ing  a t  the departure 
aerodrome w i l l  have been expended before take-off and need not be included 
therefore in the gross weight, unless it i s  necessary t o  take on a f u l l  load 
of fue l  a t ,  the outseto Finally, the amount of rnethanol o r  similar fluid for  
spraying in to  the engines t o  maintain thrust  in ic ing conditions and t o  prevent 
o r  delay the formation of ice  must a l so  be determined. It can be assw-ed t h a t  
climb and descent through the normal ic ing layers  w l l 1  be of short dur~ztion 
rind on the assumption tha t  the engines wi l l  pr~vide-enough hot a i r  f o r  heating 
the wings, t a i l  surfaces and a i r  fntakss under normal fcing conditions, it i s  
probable tha t  suff ic ient  f lu id  fo r  combatting 15 minutes of severe icing, w i l l  
lx adequateo Some allowance w i l l  a l so  have t o  be made fo r  the veight of any 
water or  water methanol that may be l e f t  over a f t e r  take-off 

Takhg in to  account the fue l  reserves that would have t o  be carried on a 
stage length. of 2,QOO nautical miles by the turbo-jet a i r l i n e r  described i n  
paragraph 1, 35,0063 l b s o  of fuel  would have t o  be put in to  the tanks and it 
would therefore be possible t o  carry the desired payload of 29,000 lbs. Should 
the requi mment tow* f3y :for-two-.housnv at-cruising- speed-be - applied - to-the 
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turbo-Jet aeroplane; it ma? i n  yome jrlstwnces exact. s dleprn,~?rtinrm_tD fzel 
penalty since, in two hours of flying, it can cover+a distance of about1,000 
nautical miles, i o e e  about twice the distance t h a t  i ts contemporary recipro- .. 
cating-engined aeroplane can f l y o e  The opinion i s  held however, by some a i r l i n e  
operators, t ha t  since turbine -engined aeroplanes provide f o r  l e s s  f l e x i b i l i t y  
in operation than reciprocating-engined aeroplanes, more s t r ingent  requirements 
for fue l  reserves w i l l  be needed, 

Lo- TAXELOFF ARD CLlMB 

b 

It w i l l  be necessary t o  reduce the time spent on the ground a t  inter-  
mediate stops i n  order t o  obtain the maximum advantage from the comparatively 
high speed of turbine-engined aeroplaneso It w i l l  therefore be important to  
speed up the r a t e  of refuel l ing and it i s  probable tha t  under-wing refuel l ing 
w i l l  be essent ia lo  It would take 22-1/2 minutes t o  f i l l  the tanks of. the 
%urbo- j e t  aeroplane described i n  paragraph 1 even with a refuel l ing r a t e  of 
2,000 l b s o  per minuteo It may be assumed'that the engines would be s ta r ted  
a t  the ramp a f t e r  'passengers have embarked and the p i lo t ,  having received 
clearance from aerodrome control would taxi t o  the take-off position a t  a speed 
of approximately 30 - 35 knots using two engines, the remaining two running a t  
the ground id l ing  set t ing,  Small quant i t ies  of kerosene are  most l i k e l y  t o  be 
spi l led when engiries are started, shut down o r  stopped and i t  would therefore 
be necessary f o r  the ramp t o  be surfaced with concrete, This applies a l so  t o  
the taxiways and approximately the f i r s t  200 f e e t  a t  both ends of the runwayso 
On a r r iva l  a t  the take-off point and w i t h  brakes on, engines would be opened 
up u n t i l  f u l l  power is  developed and the brakes then released i n  order t o  
shorten the take-off pun. 

It seems unlikely tha t  any of the turbo-jet engined aeroplanesSa;?ready 
designed o r  t o  be designed i n  the future would fa i l  t o  meet the ICAO transport  
Category A Standards and. ~econ&nded Practices f o r  take-off i and..accelerate-stop 
distance, take-off path, and climb with.one o r  two engines inoperative, In 
order to comply with these Standards and Recommended Practices when the take-off 
f s being made i n  low atmospheric 'density it .  w i l l  no doubt be necessary t o  use 
water o r  water methanol inject ion during the f i r s t  one or  two minutes a f t e r  
the s t a r t  of the take-off run, in order t o  regain the thrust  t ha t  would normally 
be available i n  standard atmospheric densityo 

Similarly, compliance with the accelerate-stop requirements.in low 
atmospheric density may only be possibla by taking in to  account the;braking 
e f f e c t  of a t a i l  parachute i n  the .case of the turbo- j e t  -aeroplane 'and reversi- - 
ble pitch propellers in the case of the turbo-propeller aeioplaneo The e f f e c t  



of rn1nwa.p s l o p  and. w i d  nn t..rke-off performance w i l l  be rotlghly the same za 
f o r  a reciprocating-engined aeroplane and there i s  a s  yet no evidence tha t  
high re la t ive  humidity has any adverse e f f ec t  on the thrus t  of the turbine 
engine although it may reduce the effectiveness of water o r  water methanol 
injection. , The average ra te  of climb of the turbo- j e t  a i r l i n e r  described i n  
paragraph 1 would' be approximately 1,300 f e e t  per minute u n t i l  the optimum 
cruising a l t i tude  i s  reached. 

$ 0 -  APPROACH TO 'J3E DESTINA,TION 

Three hours a f t e r  take-off the turbo-jet a i r l i n e r  described in  
paragraph 1 would be approximately 550 nautical miles short  of i ts destination, 
on the assumption tha t  the average ground speed has remained approximately 
equal t o  the true airspeed, It i s  assumed tha t  during the f l i g h t  the weather 
a t  the destination has been deter iorat ing and i s  now expected t o  be below the 
minimum limits a t  the estimated time of arr ival .  B decision is  taken t o  d ive r t  
t o  Alternate "Aw, where the weather i s  good, f lying a t  the optimum cruising 
a l t i tude  which i s  now @,OOO fee t ,  For the purposes of t h i s  i l l u s t r a t i o n  
Alternate *dl1 i s  assumed t o  be 400 naut ical  miles from the destination and 
2,000 naut ical  miles from the departure aerodrome. B diversion a t  t h i s  time' 
adds a distance of approximately 130 naut ical  miles, representing about 16 
,minutes of additional flying time and about 1,300 lbs .  of fue lo  

Even had there been some prospect of an improvement i n  the weather a t  
the destination by the time the aeroplane was due t o  arrive,  the decision t o  
divert  t o  an a l te rna te  where the weather was favourable would still have been 
well jus t i f ied  i n  view of the fue l  consumption charac ter i s t ics  of the turbo-jet 
engine. There w i l l  natural ly  be a preference t o  land a t  the destination 
serodrome i f  a t  a l l  possible and i n  the case of the reciprocating-engined 
aeroplane there i s  not so large a penalty f o r  mgoing down t o  have a lookm. 
The turbo-jet aeroplane on the other hand has more t o  lose i f  the landing 
cannot be completed, since the fue l  penalty f o r  descending to  say 500 fee t  
above the destination followed by a climb t o  optimum cruising a l t i t ude  to  go 
to an al ternate ,  i s  about 2,000 lbs .  f o r  the par t icular  turbo-jet aeroplane 
under consideration* An extra  2,500 lbs.  of fuel  would a l so  be needed t o  fly 
the 400 naut ical  miles t o  Alternate "At1, i o e o  4,500 lbs .  i n  a l l .  The extra  
distance necessary f o r  the diversion i s  only 130 naut ical  miles provided tha t  
the decision t o  f l y  t o  Alternate n&W i s  taken a t  the proper time. This 
i l l u s t r a t e s  the importance of accuracy i n  terminal forecasts since an inaccurate 
.forecast may have part icular ly adverse e f f ec t s  on the operation of turbine- 
engined aeroplanes, There i s  an obvious requirement fo r  a short  period ter- 
minal forecast having an accuracy a s  near t o  10@ a s  possibleo 
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When s t i l l  500 nau t ica l  inlltis shi)l*.L of i i l ternzte "A* it is  asst~med t h a t  
one engine f a i l s .  Al t i tude i s  reduced slowly t o  36,OG f e e t  which i s  the 
optimum a l t i t u d e  f o r  three-engine cruising,  taking i n t o  consideration the 
weight of the  aeroplane a t  t ha t  time (approximately 90,000 l b s * ) .  There is no 
appre'ciable r i s e  i n  the f u e l  consumption i n  a i r  miles per pound a f t e r  the  
engine f a i l u r e  but  the t r ue  airspeed i s  reduced t o  430 knots. Following the  
normal procedure, the descent t o  Alternate i s  commenced approximately 
50 minutes a f t e r  the  occurrence of the  engine f a i l u r e  and 20 minutes l a t e r  
the  aeroplane reaches a height of  20,000 f e e t  a t  a point  30 nau t ica l  miles 
shor t  of Alternate "Aw. It would be normal Air Traf f ic  Control procedu:re t o  
give p r i o r i t y  i n  landing t o  an aeroplsne approaching with one engine out  and 
clearance would o rd ina r i l y  be given t o  descend f o r  a landing without undue 
delay. 

There would however still be about 9,OW lbs .  of f u e l  l e f t ,  and even i f  
it were necessary f o r  the a i r l i n e r  t o  be held a t  20,000 f e e t  before being 
cleared f o r  the f i n a l  descent and landing it could remain a t  t h a t  a l t i t u d e  
f o r  a t  l e a s t  an hour. It i s  most unl ikely  t h a t  f i n a l  clearance t o  land would 
be delayed f o r  so long, but  even i f  t h i s  occurred and 5,000 lbs .  of f u e l  was 
used, there  would s t i l l  be 4,000 l b s .  of f u e l  l e f t  f o r  the  f i n a l  descent and 
approach, landing and taxying. This would provide f o r  an ample margin f o r  
two missed approaches. In ca lcu la t ing  the  amount of  f ue l - ava i l ab l e  a t  the  end 
sf the f l i gh3  it has been assumed t h a t  1,500 lbs .  of f u e l  was used i n  supplying 
-the power needed t o  combat severe i c ing  f o r  a period of  20 minutes during the  
descent from optimum cruis ing a l t i t ude .  

During the approach t o  lend it i s  pa r t i cu l a r l y  important t o  have the 
turbo-jet engines a t  the approach i d l i n g  se t t ing ,  i.e. running f a s t  enough t o  
permit the regaining of fu l l  t h ru s t  with no appreciable delay so t ha t  the  
aeroplane can be read i ly  accelerated and clhbed away i n  the event of a missed 
approach o r  a balked landing. In the case of the aeroplsne described I n  
paragraph 1 a l l  four  engines a r e  kept running a t  about 7,000 raperno during the 
c r i t i c a l  stage of  t he  approach p r io r  t o  touch down and a i r  brakes used f o r  
keeping the forward speed i n  check. The engines a r e  not  completely t h ro t t l ed  
back u n t i l  the p i l o t  i s  s a t i s f i e d  t h a t  a sa fe  landing can be made and the  
creroplane i s  then brought t o  r e s t  by the use of  the wheel brakeso An buxi l i a ry  
braking device such a s  a t a i l  parachute would only be used i f  the p i l o t  i s  
unable t o  s top  within the ltlmits of  the runway f o r  some reason such a s  f a i l u r e  
c)f the brakes, i c e  on the  runway surface, a pa r t i cu l a r l y  low a i r  densi ty  o r  
l ack  of head wind, A s  the aeroplane r o l l s  t o  the  end of the  runway it i s  
normal pract ice  t o  s top the  two inner  engines and t o  taxi t o  the unloading 
ramp using the ou te r  engines only* 
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