


CISTI /ENTIRE http://cat.cisti.mc.ca/search/t?S ... nce+problems+associated+with+the+m 

I of I 

Name 
Title 

CISTI and pm1ncrs / ICIST et partenaires 

(Previous Record) (Next Record) (Another Search) (Start Over) (MARC Display) (Export) 
(Order this item) 

You searched:! AUTHOR E] 111 

I GIST!, Ottawa l• I! Search 

Morris. John 
Some performance problems associated with the Mach 2 fighter/ by John 
Morris 

Publisher [Malton, Ont. : Avro Aircraft Ltd., 1956?] 

LOCATION CALL# 
Rare Books 

Call# TL685.3 M876 
Descript [22] leaves : ill. ; 30 cm. 
Subject A vro Arrow (Turbojet fighter plane) -- Design and construction 
Alt author AV. Roe Canada. Technical Dept. (Aircraft) 

(Previous Record) (Next Record) (Another Search) (Start Over) (MARC Display) (Export) 
(Order this item) 

CISTI and pat1ncrs / ICIST et partcnaircs 

) 

t/ 
( 

7/April/2000 12:04 PM 



• 
SCJ."'- PERFCJlMAWC. PROOLV,J.S AS~mIATr.D l'l'H TH:" MACH 2 PlOlfrtll 

by John Morris 

ARsistant Chief Aerod)'Mll11c1st 
Avro Aircraft Limited 

SUMMARY 

'J.'hia paper considers the choice of configuration for a 

fighter aircraft designed. tor a cocibat speed of M "' 2 . 0 from the 

Tiewpoint of performance efficiency. Particu~r attention ia 

~iven to the influence of drag due to lift and trim d~ on the 

choice of wine plnnfora and type of longitudinal control. 

IN'l'JHJ>UC'l'Hlf 

Looking beyom the next generation of tighter aircraft 

it fo obvious that requirements will exist 1n the reasomble 

future for t'iehtera hnving operational combat speeds of M • 2. 0 

and above . !he obJect of this pa.per ia to shcu boY perforaance 

requirement• mi~.,ht influence the shape of the aircraft des~ned 

for cruise am combat at M - 2 . 0, In makin,; the anal)'l!io no 

account baa been taken of the variations in wei,;ht i1:1pl1cit in 

the different configurations considered. A generalised approach 

to weieht varfotion 1A difficult as specific requirements for a 

given aircraft 'U.:3ua.lly dorainate . 

For the purpose of this poper it is aatnmed that the 

aircraft will have combat altitude of 60, 000 feet and a 2 •g• 

level turn capability at combat speed. It is also assumed that 

it will be capable or landing and taking-off conventione.lly and 

this restriction limits the wing lee.dine, edge sweep to about 65° 

and aspect ratios to greater than 1. 5 . 

1 ,., I ' 



• 

• 

Fi~)lter aircraft are usu..-tlly deair,ned to a specification 

iseucd by the appropriate GoTerruaent body which lays down minii:rum 

require11cnts on range, ma..··dlllU!II level speed • ceiling and thruet 

limited turn capability at a fixed speed and altitude. In the old 

days there was usually a conflict between the top speed and ceiling 

requirements becnune the optilllUlll wing loading to satisfy the top 

speed requir.-m.ent. was 111t1ch hif}ler than that for ceiling - the 

deai1;ner had thettfore to compronise . The Gituntion is different 

today because top speeds will be limited by thermal rather than 

thrust-d.ra.g considerations . it is possible then to optimise the 

aircraft at the ceiling or for noeuvrability1 whicheTer ia the 

11ore critical. 

lf the ceiling requirenent is more difficult than that 

for manoeuvrability it obviously pe.ys to choose the wing losdi~ to 

r;ive maxilllU1ll lift-drag ratio at the ce111nr; . If the nanoeuvrnbility 

requirement is the more difficult • then rant-e vill influen~e whether 

the lift-d.rar ratio be maximised for level f'lir,;ht . at the specified 

manoeuvrilll': load factor in the turn or at some intermediate loed 

factor . Umer these conditior.B drag due to lift is very important , 

for example , if 11.l\ aircraft with a flat wing (i . e . no Catlber or 

tvist) designed for a 2 1g 1 level turn hns the li!t-d.rnr; ratio 

maxi iaed in level flight then the drac. due to 11ft at 2 1g• is 

four thies the zero lif't drat; a.in it the l1ft-dra,: ratio 1a maxillised 

at 2 •c• then the lift dr8€ is equal to that at zero lift. 

It will be shown that trim drag cnn also be nry illJ)ortant 

and that tor the Mach 2 rir,hter,drar,- due to -lift in mor" important 

than :ero-lift-drag and serious consideration 111mt be given to 

~inimising tria -drag• 



In the next section the problem ot trilll drag will be dealt 

with. 

2. TRIM DRAG 

To have positiTe longitu.d.innl static stability the centre 

of gravity of the aircraft must be in front of the aerodynamic 

centre which means that for trimmed flight the controls must be 

deflected to re~istribute the air loads so that the centre ot 

lift passes through the centre of gravity and brines the aircraft 

• into balance. This re-distribution of load which takes place 

primarily on the controls also changes the drag and the difference 

in drag between controls deflected and undeflected at a gi'ven lift 

coefficient is called the trim drag. Methods for calculating the 

trim drag at superaonic speeds for tailless and tailled contigur­

o.tions are given in the Appendix to this paper. 

The dra£ coefficient of an aircraft with a flat wing can 

be expressed as:-

ror configurations of practical interest the trim dr~ 

coefficient for a tailless aircraft is given at Mach number greater 

than about 1. 9 by the following approximate formula:-

~hese two equations can be COQbined to give 

CD = CDo + Keff C1,2 

where 



• 
'rhe trend ln tailless aircraft for o:perntion n.t aupersonic 

speeds seems to be townrdu the delta plant'ol'III with aspect ratio :=::.:-

2 . 0 and the effect of trim drag on the effective lift dra.g-riae 

factor Kett will be illustrated by tald.ne this planform as an 

A t:,picnl variation of nerod)'Mmic centre (ho) with Mach 

number for an aspect ratio 2 delta is shown in fig. 1, and it will 

be noted that at supersonic apecds it is located at Sflf, of the mean 

chord . !ho location of the centre of elevator lift (h 6) will. at 

supersonic speeds, be close to the centre of area of the control• -

for practical conf1gurntiona it will be around 90 - 991, of the mean 

chord . !he following fon:mla civea a reasonable approximation to 

the elevator lift slope at supersonic speeds:-

dCL = ~ Sr 

d 6 ~ S 

The effective lift drae-rise factor for a tailless aircraft 

with an aapect ratio 2 delta wing can then be cxpreaeed (for M71.9) 

as:-
Kerr = K.., + 1.4 /,;,,2-1 -2 (h-0 • .5)2 

Sr 

!'ho tvo anin pnrameters that influence trim drag at supersonic 

speeds are then • control area ratio and the location of the centre of 

gravity, which is what one would expect. Some examples which 

St/ illustrate the effect of centre of gravity location and S on left 

are shown in fie. 2. Also shown in thi■ firure are typical values 

for a canard and an aircraft with a rear tail. We see that if the 

centre of cravity ia locnted at 3~ of the nean chord to r,ive a static 

margin of 61, at subsonic speeds then the effective induced drag 



• 
(i. e . drar- due to lit't plus trim drag) nt M • 2. 0 ,,111 be t1ore than 

doubled with the i:art span control. Increnalng the spm of the 

control with the aaaie centre of {';l'aTity pocition produces appreciable 

r;ains . 

Howe•er. thf'I reeaon for the hieh trim drac of the tailless 

aircraft in au_pcrsonic flit',ht 1a the larce increase in static margin 

resulting from the after movement of the aerodynamic centre . The 

obTious way to ellllina.te the problem is to move back the centre ot 

gravity of the aircraft to maintain the same static 111rgin as in 

subsonic flight . Since the proportion of total weight carried in 

the form of f\iel will be high• it is possible to control this 

centre of era•ity position by appropriate transfer of ruel , There 

are . of course , the pra.cticnl problems associnted with an install­

ation of this type but in view ot the very high incentive there ia 

no doubt that these can be overcO!le and fie, 2 ahovs hov the tailless 

aircre.ft with thr. controllable centre of gravity is compnrable to 

the aircraft with a rear tnil on the be.sis of trim dra€. 'rhe 

effective lift drae rise factor of tho canard is appreciably less 

than that of either of the two other configurations considered , 

and la in fact . less thml the lift drag rise factor of the untrimmed 

aircraft wing, as in this case the trlnn1ne load 1• acting upwnrda 

and effectively reducing the load to be carried b7 the winr,. 

J,lthouc.h outside the particular scope of this pnper it aay 

well be naked why. in view of the foregoing . the delta planform 

has proved to be ao popular for the present r;enern.tion of supersonic 

fir,hters . Here again it is necesse.ry to point out that trim drag 

ls only one :pnrageter in determining perforr.ance efficiency, and 

performance efficiency is only one aspect of the problem of deaigning 

an etfcctiye fighter aircraft . Practical cormideratiorui and weight 

nriations can gore than offset a result det~ri:iined b7 considerations 

of performance efficiency o.lone . 
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'.3 . 

Experit1ents show that the lift drae- rise factor for flat 

vines with supersonic leading cdces is given to a close enour,h 

approximation for the pxrposes of this pa.per b7 the reciprocal of 

l 
K =T ., 

A comparison or experimental values of the lift slope and 

these calculated by theor~ show ~ooo. agreeaent . 

At a Mach number ot 2 the Mnch cone is avept buck at 60° 

to the normal to the fl4.;ht path; we can therefore estimate the 

lift draC, rise factor , uning the theoretical lift elopes , for winr;a 

vith leading edr,e sweep up to at least 60°. 

The lift drag riae factor has been estiDl'l.ted over a range 

of aspect ratio■ from 1. 5 to 4. o a.nd leading edf.;e sweep up to 60 
0 

and is shown plotted in fig:, . The effect of taper ratio was found 

to be sn1all and the curves in the figure can be taken as applying 

to taper ratios fro■ zero to about one half • '!'he lift drae-rise 

factor ill almost constant over a wide ranee or sweep and aspect 

ratio; small g,.ins Qight be achieved with vinga of high aapect 

ratio nnd. sweep bnt the Tery large ving weir.lit penal ties associated 

with the type of plan:!orm would diacourace their use. 

It would appear then that for flat vinet1 the choice ot vine 

pl.anform will be dictated by coneideratione other than those of drag 

due to lift , 

zr.no LIM DRAG 

It is difficult to r,eneralise about the effect of wine 

planform on the zero lift d.nlr, at a )Ii.eh number or 2. 0. We know 



frOl'I experim~nts on isolated wings that the zero lift drai;S do 

not agree very well with theory• par.ti cularly vhen the wine, leading 

and trailing edf:es are near sonic . The wave drag or vinc- bod7 

combinations can be calculated by methods such as the supersonic 

area rule but to the author's knowledge no callpa.riaon has been 

mde between theory and experiment that would enable us to aosesa 
-

their accuracy at M m 2 . 0. We will content ourselves therefore 

with the following general obftcrvations based on a gurvey or 

experimental data on wing- body combinations . 

l . The effect of aweepback for a given aspect and ta.per 

ratio is small; unswept wings having slightly less 

drag than the swept . 

2. Taper ratio between O - 0. 25 hns no appreciable effect . 

J . Increasine aspect ratio produces sie;nificant increase 

in drag. 

It will be noted that the three com.itions for minimum wine 

structure weight i . e . snnll sweopback, taper and aa:pect ratio satisfy 

the corditions for minimu:i zero lift drag coefficient . 

Aircraft with small sweepback must have a tail for stability 

reasons and this will increase the minimum dr~ coefficient. The 

tailless aircraft incurs a drae penalty due to the aweepback necessary 

for stability. A comparison made by the author of a tailless uoo a 

tailled configur~tion with wiJ¥:S of the same aapect and taper ratio 

showed that the tailless aircraft had a zero lift drag coefficient 

that waa 51, lower than that with a tail . 
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s. C(Ja(FARISON OF LIJ"r AG RA'l'IOO 

Since we are considering the different conf'igurntions 

rrom the viewpoint or performance efficiency the maxhmlll lift/ 

drag ratio hna been selected as the appropriate index by which 

to make the canparhon. Ficure 4 shove the co111p1.rison for the 

three configurations selected. na.mel:r. canard• tail aft and 

tailless . In the case of the conf'ie;urat1o.M with tails the halt 

chord sweep of the vi~ is sero and the tailless conf'iguration 

has the delta planf'orm. All have aspect ratios 2 WiDc;s with zero 

taper ratio. 

The lift/drag ratio of the canard is about ~ better at 

a Hach nu11ber of 2. 0 than the tailless with the centre of gravity 
r 

loc tftd t.'- of the chord• e.nd fYf, better than the tail art 

conf'lt;u.rntion. It the centre of gravity of the taillefls conf'igur­

ation is not moved back at supersonic speeds itn lift/drag ratio 

will be appreciably lower than those with a tail. 

It is interesting to note that from the viewpoint 

perfonrianceef'ficiency the configurations considered lie within 

an fJf. 11prerul. 

6. wnm LCV,.D nm 

It ill obvious that to minimise thrust and fuel consumption 

the lift coefficient for me.xilllllll lift/drat;. ratio should be mde 

to occur between 1. 0 •g• and the specified load factor at combat 

speed and altitude. It can eruiily ~e shown that in this case the 

wine, loading is given_ by the following expression -

~. 

?..i<>l,, 't,<lt_,.. 

~b.~ •?Ac 

~ ~ &i....,.(Z., 
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where ll}f is the load factor at which the lift/drag ratio 

is maximised and p is the ambient _pressure. The variation of W/s 

with nM for M • 2. 0 at 60 . 000 feet is ~iven in fie 5i the values 

of the zero lift drag coefficient cover the likely raz,.e,e . The 

optimulll wing loadi;ne ehould then be between J5 - 90 lbs/sq. ft . 

'l'he effect of win,; loading on thrust required at 2. 0 •e;• 

is shown in fig 6. where the thrust required at a eiven wing loading 

divided by the thrust required for a wing loo.ding of 85 lbs/sq. ft . 

is given as a function of wing looding. When compiling the data. 

for fie; 6 it was assumed that the fuselage shape and size rel!'lained 

fixed whilst the wing area was n.ried and allowances were 11JD.de 

for variations in winr;, fuel and engine weidlt~ It was nlno assumed 

that the wing planform had zero half chord sweep. aspect ratio 2 , 

zero taper ratio and J~ thickness chord rntio , but it is believed 

that a. differPnt planform would not produce significantly different 

results . We see that minil:rum thrust occurs at wing loadings between 

40 - 55 lbs/sq. ft . 

In considering the effect of ranee on opti111UJ:1 wing loading 

it has been necessary to select suitable values . Since we are 

discussing a. very advanced aircraft with a cruisi~ speed of Mach ~ 2 . 0 

it my well be that mission radii will be short, and values of 100 

and 200 nautical miles have been selected. The fuel required for 

these missions is shown as & function of wing loading in figure 7. 

The ,rariation of fuel required with wing loading is not laree and 

a. minima occurs at a wing loading of approximately 50 lbs/sq. ft . 

The landing problem bas some influence on the possible 

range of wing loading for different _configurations . 'l'he maximum 

wing loadinr, for the low aspect ratio tailless is not likely to 

exceed 45 lbs/sq. ft . due to limitations on ground angle . 
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The tail art aircrnft will , if flapa are used , haTC ncceptnble 

land111t~ opeeds and p-0>md ti.nr;len at wing loadinf:B up to 90 lbs/ 

sq . ft . and the canard could achie-re similar loadings . 

?. Pl'm<'OHV.AlIC AT MACH N1l1-!Jffi,IS LT:tt~ 'l'ITA?f 2 . 0 

_up to this point w have concentrated on optillising the 

aircraft at a Mach number of 2 . 0 but J)l".rformance at off-desif;n 

conditions mie,h~ influence the choice of wing plan.form. 'l'he 

pnra,ieter that bas been chosen to illustrate the effect or wing 

pl!mform at oft-deflign lfflch m.mibers is ceili~ ti.s thin io most 

important to a hir,h altitude fighter . 

It io generally believed that aircraft with swept wings 

have superior perror-.aance to those with unswept vineo at transonic 

BJ)l'cds . A comparison was therefore made between nn a1rcratt with 

an unswept wing and one swept at 40° (half chord sweep) both of 

aspect ratio 3, and the difference in ceilint; e.t e.ny Mach nuaiber 

below 2 . 0 \re.s found. to be small {see fi~ 8) . The reason for 

this is that the aircraft with the lowest ..-alue of (K"eft \ ½ at 

C'!' - CDo "J 

a eiven ll<:tch number will hnve the hir)lest ceiling, o.nd at transonic 

speeds the thrust coefficient of the Mach 2 n1rcrru.'t will be about 

six timea ns larr;e ae the zero lift drag coefficient ,. A 2~ 

increaae in CDo chnneee the ceiling parameter/_ Kett ) ½ by only 
lCT - CD0 

2 1/2:'f,; e. 251, increase of lett would chrult-;e it b;y 11 1/21,. 

The above e.:r.ample shows that the lift drag- rise factor is 

much more important than thfl zero lift drag coeffir.ient in its 

effect on hir.h altitude performance at of:t'-desif;n Mach numbers • 



• 

• 

We know that at subsonic speeds the lift drag- rise factor can be 

reduced by increo.sinc aspect rntio and a comparison has been r.mde 

of the perf'ormance of aircraft with unswept wings of aspect ratio 

2 . '.3 and 4 (aee fig 9). Increasing the aspect ratio from 2 to 4 

increases the ceilitl€ by 6,500 ft ,. at a Mach mrnber of 1 ,.0. The 

thrust and weight penal.ties associated with increasing aspect ratio 

are largei the aircraft with the aspect ratio 4 wing •i,ro11ld require 

about 2~ more thni.st and would be about 15i hea:ner than that 

with the aspect ratio 2 ving. If the thrust of the aspect ratio 

2 aircraft were increased b7 2~ the ceiling would beincrooaed by 

2 , 500 ft . at J.! ~ 2. 0 and its transonic and subsonic performance. 

would be rOUF_,hly equa.l to that with aspect ratio '.3 . 

a. COICI.lJSIONS 

This investigation has shown that from the viewpoint of 

performnnce and efficiency there is little to choose between the 

canard . tail aft and tailless configurations for an aircraft with 

2 1g' leTel turn capability at M = 2. 0 at 60, 000 feet . The highest 

efficiency is fouoo in a csnard with a wing lending of 55 lbs/sq. ft . 

It would have an unswept wing with low agpect ratio probably linited 

by landing consideratioll!I to above 1,.5, '.!.'he tail aft aircrl'li"t 

would be so1:1e £3% less efficient than the canard and the taillesa 

aircraft . provided it has proTision for ~oving the centre of gravity 

in flieht would be ff!, lees efficient than the canard . 

From this it~ be concluded that other cor.nlderations 

resulting from the particular aircraft specificntion will almost 

certainly determine the confioiration to be selected • 
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SYMBOLS 

lift 

drag 

normal force 

lift on tailplane 

drag of tailplane 

normal force on tailplane 

D 
qS 

L 
qS 

N 
qS 

M 
q Sc 

DT 
qST 

LT 
q ST 

NT 

q ST 

thr ust coefficient 
T 

qS 

trim drag coefficient 

lift coefficient of aircraft less tail 

zero lift drag coefficient 

increment in a/c zero lift drag in terms of the tail area 

pitching moment at zero lift for aircraft less tail 

drag coefficient of control 

lift on control/ q S 

lift on complete aircraft due to control deflection 
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Ke££ 
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he 

ho 

he$ 

sf 
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fo 
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SYMBOLS (Cont'd) 

lift drag-rise factor 

effective lift drag-rise factor 

~ CL 

dOC 

oCL 

~ ., 
oCL less tail 

a ex 

clCLT 

0 oC T 

centre of gravity location 

aerodynamic centre 

centre of elevator lift 

area of control 

area of tail 

a re a of wing 

wing aspect ratio 

wing aerodynamic mean chord 

distance from 1/2 chord point of tail to c. g . of ai rcraft 

distance from 1/2 chord point of tail to h
0 

Mach number 

weight of air cr aft 

ambient pressure 

load facto r 

induced drag factor 



SYMBOLS (Cont'd) 

OC wing incidence 

ex: T incidence of tail relative to wing chord 

£ angle of downwash relative to wing chord 

't1 ratio of specific heats 

S control angle 

q 1/2 '?V 2 
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APPENDIX 

Approximate methods for estimating trim drag 

1. Tailless Aircraft 

It can easily be shown that the theoretical drag of a two dimensional 
airfoil at supersonic speeds can be expressed as 

and the equation will have the same form in the three dimensional case. 

(1) 

The drag of the control surface of a two dimensional wing in an inviscid 
flo w is equal to the component of the normal force on the control in the flight 
di r ection i. e. 

A CDc = AcLc (b +a:) cos G 

and A CDc =- i bL ( b+o:::) 2 cos 9 

therefore a CD 

0 (6 +o::) 2 

In the three dimensional case 

A CDc = A CLc .ACLw (6 +~) cos G 

4 CLw 

where 4 CLc is the lift coefficient of the load on the control andACLw 

is the lift coeffi c ient of the load on the control plus any load induced on the wing 
by control deflection. 

where K
2 

= ACLc 

4CLw 

and Kz can be estimated by linearised wing theory. 

It is sometimes convenient to re-arrange eqn ( 1) by substituting for 

c, CD from eqn ( 2) and for -r:, from the lift equation 
d(o+oc)

2 

( 2) 



The first two terms in the above equation represent the zero lift drag 
coefficient and the conventional induced drag and what remains we define as the 
trimming drag coefficient CDt· 

The pitching moment due to the controls at constant lift coefficient i s 
(h0 - h&) aRo = CM[) and substituting for a~& in equation (3) gives 

Dt- - --- 1+-- --- +---'-'- - --C -( Ka 2Ki ; lCMJ \cM«S)l ( K., 1 )cM
0

2cL 

a ;a a 1 eJfA h 0 -h0 a 1 elTA (h0 -h~) 

At Mach numbers greater than about 1. 9 

~- Tail Aft Aircraft 

The aerodynamic incidence of the tail = oc.+cx:T -e. and its incidence 

relative to the flight path = oc+ CCT 

If we assume the resultant force on the tail is normal to the chord and 

(4) 

that CNT=CLT the d rag coefficient of the tail is J ·, J r , ~ .w, • z 
-f..,,·/,, /4,- - ,./,~ &>S c.,,,,, ,._ Kr<Zr 

P,~~· 
( l ) 

/;t ; 
The tail lift c oefficient can be expressed as r -f- )-1"..,.., / c;o E + °LT..J>•~ €. 

<o.,,r •;r ' 

and substituting for<X+C.CT in 

The lift coefficient of the aircraft less tail CLw = ao<:: and substituting fo r D":::. 

in eqn (2) gives 

(

CLT _ d£ CLw) -- -- ---
aT + dee a 

12 



The drag coefficient of the aircraft less tail 

and the drag coefficient of the complete aircraft is then 

The lift coefficient of the complete aircraft 

ST 
CL= CLw + CLT-

S 

The pitching moment coefficient of the complete aircraft 
I 

CM = CMo + (h-ho) CLw - fT CLTST 
s 

and substituting for CLw from eqn ( 4) and re-arranging gives 

and if we substitute for CLT ST 

en =Cno+cnoTsT + (_i_ cM)s2 

S (o 

if CM = 0 then 

Co• C:0 +Co0 /:+t~ 
where X = (h-h0 )~ 

(o 

in eqn (5) and re-arrange then 

1 
-t l<w C:. 

-(3) 

(4) 

(5) 

( 6) 

13 



• Cl 60 0:: 
0 :c F,IGURE I u 

~ 
LJ.J 
::i; 

LL. 
0 50 
~ 

LJ.J 
0:: 
I-
z 
LJ.J 
u ASPECT RATIO 2 DELTA 
u 

~ 
40 

z 
>-
Cl 
0 
0:: , 
LJ.J 
<( 

30 
0.6 0 . 8 1. 6 1 . 8 2 . 0 

<.!) 
<( 

TAILLESS WIT 0:: 
0 PART SPAN ! 0:: 

0 ::i; FIGUR E 2 3ri. CONTROL I- -u 0:: "" 
O· 

<( I- "' LL. 
I- TAILLESS WI TH LJ.J::, 

(/') 0 
FULL SPAN - :c 

0:: I- 31lt CONTROL 
<.!) 3: .., ... O· 
<( 
0:: 0:: 
oo 

I-
I- u 
LL. <( 
- LL. AIRCRAFT ...J 

LJ.J WITH REAR LJ.J (/') 
>- TAIL 
- 0:: 
I-u <.!) 
LJ.J <( 

1-, = 0 . 44 LL. 0:: 
LL. Cl 
LJ.J 

I-
LL. 

...J 

CANARD 
0.6 0.8 1. 6 1. 8 2 . 0 












