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SUMMARY 

This note compares some of the results of model tests 

on the CF-105, which were carried out in the Cornell transonic 

tunnel, in the 4 fto wind tunnels at NACA, Langley, and in the 

16 inch x 30 inch high speed tunnel at the NAE. These results 

are also comparoowith estimates which were previously made by 

Avro and NAE of various items which affect J);8rformanceo 

{ 
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lo0 INTRODUCTION 

Over a considerable period of time wind tunnel tests 

have been carried out on various models of the · Avro CF-105 air­

craft. In the same period separate estimates of performance 

have been made by Avro and by the NAE, and it has been only in 

the last few months that actual tunnel test results have become 

available throughout the range of Mach numbers from about 1.4 

to 2.0. The most important, and, it is believed, the most 

reliable of these tests were carried out in the 4 fto supersonic 

tunnels of the NACA at Langley, although at about the same time 

results were obtained from two very small models (a 1/50 scale 

half model and a 1/80 scale complete model) in the NAE 16 inch 

x 30 inch tunnel at 0ttawao 

As a result of the NACA tests, it has been found 

necessary to revise downward the previous estimates of per­

formance which had been released by the Company (for example 

Reference 1). The new performance estimate by the Company is 

summarized in Reference 2. In Reference 2 it is estimated that 

the steady turn load factor at a Mach number of 1.5 at 50,000 

ft. altitude has been decreased from 1.88 to 1.57 as a result 

of these tests, although some improvement (to l.65 g's) is 

expected by carrying out a proposal to use a small amount of 
' upward aileron deflection at high altitudes in order to decrease 

trimming drago 

The last complete performance estimate which had been 

made by the NAE was sent to DRB towards the end of 1955, and in 
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it an estimated load factor of 1.29 g's was quoted. In view of 

the very significant difference between this value, and that 

given by the Company (l.88 g's) it is not surprising that there 

was considerable discussion concerning the accuracy of the two 

estimates. It would now appear from Reference 2 that a more 

realistic figure lies between the twoo 

It ~ay be of some interest to examine in more detail 

the way in which various ·estimated quantities differed from the 

measurements. The separate effects of the NACA results on 

manoeuvring performance have been itemized by Avro in Table I 

of Reference 2. In this table it appears that the degradation 

in performance can be attributed about equally to three factors: 

an increase in combat weight, in minimum drag, and · in drag due 

to lift. A negligible effect is shown as being due to changes 

in trim drag. It must be pointed out that the relative size 

of these adjustments depends on the order in which they are 

worked auto For example, there would be an appreciable re­

duction in load factor due to increased trim drag if this 

increment had been tabulated first instead of last. Also, 

a new correction for thrust moment has been applied to the data. 

It is felt that a more complete picture of the impli­

cations of the NACA results can be obtained by comparing them 

also with the previous NAB estimate of manoeuvring load factor. 

This is done below. 



NATI ON AL AERONAUT ICAL ESTABLI SHMENT N o. 

L ABORATO R Y MEMORANDUM 
P A G E. 5 OF 

The N,ti estirr,ate of m:1r1001,vri n ,..r l oc1d f&cto r wh ich v-:as 

1nade mo re than a yea r a.r;o v1 a s 1. 29 g at I,; = l. 5 at 50 , 000 ft . 

This was c;:1lc1•1a t eJ for iJ combat ·.,ei r:;h t of 50 , 060 lb ., with the 

a ircraf t centre of gravity at .23 percent 0f the mean a 0ro dynamic 

chord . If t his v u l ue is adjusted to t :i•~ wsi "i;ht ( 51 , 050 lh . ) and 

centre-o f - ;;r uvity µ00 ition ( 2') . 5,·;) used by 1wro in il.efcr ence 2 , 

it becomes l . JJ ~ -

,\1 thou r;h the IIH. Ci, res1il t s were r::ain l y J r~ tri ·-rwn tal a s 

corr.pared 1-ri th Avro estirrnt eG , there 'v.'.ls one quanti t y ,hos e 

va l ue ,,,as r11ch mo r e f,voLTablo th1-:1~ e i t'i er t 110 Avro or tJ,u•; 

es tirr ·1tes had or·ivinally ind ic ,-t ted . This i s th., p itc h:i nc r,1omen t 

at zero ljft {C wO) . .:i. fav ou r ab l e v ;iJ1·e of t hi.s quanti ty r e duces 

the elev:'l tor arwle r •3q,; ired to trirr. ,l!Hi her, c e reduce:3 trimmint; 

drat! . If the lr, terpo l oted NrlC,i value c,f Lt-is qu'ntity it I,:= l. ; 

is inserted i n to the NA,:i; esti:rnte., .:.n-:,tead of tlv., old J\iii.~ value , 

1-.ri tt1011t other c!i;mf:e in the r1cthod , tr.e loac1 f:1cto, rises from 

l. JJ to l.i. 7 o 

Therti is one ·,ore aL-:.ju:;trnent required to tr;u ..;ld 

estirnate , ·.1hich prev iously had not been t:1lcen into a cco un t e ith,~ r 

by Avro 01· N,,E . As mentioned i n Heference ;:: , c1 corre c t i or, for 

t hrust rr,ornen t tan cha np,e and for vertica l pos ition of th e centre 

of gravity f rom ~odel to n~11 s c a l e is now bein ~ appli ed . The 

effect of th i3 i s calculat ed to add approx i :r.a.tel y 0 . 0 7 to the 

20 

lo nd factor , brin~irni; Vi e "a rl j w., t ed " NA1~ estimnte to 1. 5ii- , a value 

¼' hi.e h is in los,: D17ec3rr:ent 1.:ith that •0: iv en by nvro in lteference 2 o 
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It should probably be mentioned at this point that a 

slightly lower value than this seems to be obtained directly 

from the Langley drag data. The pitching moments in the Langley 

tests were worked out about the 28 percent chord point, but if 

these are transferred to the actual aircraft C.G. position at 

29~ percent, so that new trim points are determined, and the 

total trimmed drag is read directly off their graphs, a load 

factor of about 1.51 seems to result {after the correction for 

thrust moment is applied). No reason for the discrepancy between 

this value and the Avro value of 1.57 in Reference 2 has been 

discovered. The discrepancy is small enough, however, that 

perhaps it can be considered to be relatively unimportanto 

The main implication is that of all the aerodynamic 

quantities previously estimated oy NAE, a change in only one is 

required to bring the calculated performance into close agreement 

with that irldicated by the tunnel tests. This does not necessarily 

mean that all other estimated quantities were correct, since some 

may have been pessimistic and others optimistic. As a matter of 

fact, however, a comparison of NAE estimates with NACA measure­

ments, item by item, shows that the NAE estimates were either 

very a~curate, or were slightly optimistic {except, of course, 

for Cm). This more detailed comparison is carried out in the 
b 

followin g paragraphs. 

3.0 

J.l 

COMPARISON OF ESTIMATED AND MEASURED VALUiS OF AERODYNAMIC 
PARAMETERS 

Minimum Drag 

The minimum drag coefficient varies slightly over the 
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supersonic range. At M = 1.5, the value now assumed by Avro as 

a result of the NACA tests is 0.0230. The NAE estimate was 

0.0233, and the value most recently used by Avro in performance 

calculations was 0.020. 
( 

3.2 Drag Due to Lift 

In Reference 2 it is pointed out by Avro that their 

estimate of drag due to lift was lower than the values obtained 

by the NACA. The definition of drag due to lift is simply the 

difference between the drag coefficient at any lift coefficient, 

and the minimum drag coefficient, with the elevators set at zero 

deflection in both caseso 

, Avro compare the NACA ne-':lsurements with their estimated 

values of CL , the lift coefficient for minimurr. drag, and e, 
C 

Dmin 
the so-called efficiency factor which is related to the curvature 

of the parabolic drag polar. The actual value of drag due to lift 

at any lift coefficient is, of course, a function of bci'th of these 

quantities and they can not be discussed separately. In fitting 

a parabola to the measured data it is quite possible to obtain 

different values of each of these two quantities without actually 

changing the drag coefficient appreciably over the interesting 

range of lift coefficients. As a matter of fact, in NAE attempts 

to do this for the Langley data, a somewhat more positive (i.e., 

more optimistic) value of CLc is obtained than that shown in 
Dmin 

Ref. 2, but a lower value of e is obtained. 

In order to sidestep this issue and to directly compare 

measurements of drag due to lift with previous estimates, Figures 
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1 , 2 , 3 ·rnd 4 have heen pr e'.)ur0.d . Usually the '1llantities plot t e d 

i n t h i s \-iav are the drag coefficient versus the squ:ire uf the lift 

coefficient . Fo,~ nero pl ·,nes uhjch hav e 'l sy111r1etrical pa r a bo lic 

drag polar this will rroduce a strair;ht line . Howev e r , fo r the 

CF-105, due to the effect of wing camber dt1J of t he othe rwise 

asymr'ietric ~onfi f:uration , the, ct1~a ,:; polars are displace d towards 

positiv a lift coeffi c i 'n ts ,rnrJ ·1 straight li ne would no t result . 

T1--,n s i tua ti on is restored by plott i n,c- i nstead t',e 1uant i ty 

iCD - C □ . versus li f t coeffi ci ent . ~ reasonable strai ght line 
m1n 

s t il l rasults , w~i ch intersects the c1 axis at the v a lue of C1 

for mini r:ium CD. In these fi gures P th e results of rJ>. CA and W-1.E 

measurements a r e cor.ipar ed wi t h previous estimates by ,\vro and 

the Nii . 

It apnear~ tha t the NAS e~;timates of dr a[ due to lift 

Wt~r<~ ac curate (when c orr.pareci. w'.th NACA rrieasur emrmtd. The N, E 

measur ements were in r eneral somewhat more pessiMi ?t ic t han the 

est imate . 

3 . 3 Trim Drae-

The trim dra;; of t he aircra ft c an be conveniently 

def ined as the difference between the total drHg coefficient in 

trimrned fli ·;ht , an d the dra ,; coefficient .1.t t he same lift coe f­

ficient with the ele va t ors se t a t ze ro deflection. This quantity 

has , in th e pas t , been the om, wh i ch p;e:1.erat ed most d i s cussi on 

be caus e of t he rather l a r ge d ifferen c es between Nai and Avro 

estimat,es . It can b e said to be a fun ction of two main para me ters : 

t he drag incremlmt dua to a <->; iv en elevat;or deflecti on , and the 

e l e vator angl e r equir·ed to trim . Previous estinB. te s d iffered 
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from one another only with respect to the latter quantity; there 

had been general agreement on the drag increment due to any given 

elevator angle, whereas the estimates of elevator angle required 

was the subject of discussion. 

In Figure 7 of Reference 2, the drag increment for a 

given elevator angle is plotted by Avro, and it is stated that 

a single curve represents both the Avro estimate and the Langley 

data at a Mach number of 1.5. This curve has been reproduced 

also in Figure 5 of the present note. Actually it will be found 

that in Figure 5, the NACA data seems to give a slightly different 

curve to t~at plotted by Avro, and in fact that it agrees more 

closely with the NAE estimate. However, the drag coefficient 

scale used in this graph is an expanded one, and since the 
{ 

maximum difference between any of the curves is not more than 

about 0.001 in c0 , the differences are hardly significant. The 

NACA graphs can scarcely be read to grea ter precisionu 

The elevator angle required to trim the aircraft was 

the quantity which differed greatly between Avro and NAE estimates. 

It can be shown that the' elevator angle is given by the expressicq 

where Cmc, is the zero lift pitching moment coefficient, 

dCm is the static margin of the aircraft. 
dC1 

Cmb is the elevator effectiveness par~meter at 

constant lift coefficient. 

\ 
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The static margin is a function of the aerodynamic 

centre position and the centre of gravity position. Thus the 

estimation of elevator angle required to trim at a given lift 

coefficient depends on the estimation of three aerodyn~mic 

quantities, Cm0, Cm and aerodynamic centre position. The 
0 

differences in previous estimates were chiefly due to a dif-

ference in the estimated value of Cm
0 

although the NAE estimates 

were more pessimistic for the other t~o quantities as wello 

As a result of the NACA tests it now appears that the 

Avro estimate of elevator angle to trim (and hence of trim drag) 

was accurate at load factors of about 1.5 at a Mach number of 

1.5 at 50,000 ft., because optimism in the estimation of Cm 
0 

is now counteracted by a favourable value of Cm0 , and also by 

the application of a new correction for thrust moment, which 

is favourableo 

In order to obtain a complete picture of all of these 

effects, the three aerodynamic quantities mentioned above are 

plotted in Figures 6, 7 and S. 

3oJ.l Cm9 
Values of Cillo according to the two estimates a:re 

compared in Figure 6 with the measurements made at Cornell and 

at NACA and NAE. It will be noticed immediately that the NACA 

measurements stand somewhat apart from the other data. The 

results from Cornell and from the two models tested at NAE 

appear to be consistent with one another. The estimates made 
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by Avro and by NAE differ somewhat from one another, but were 

both extrapolations based on the Cornell data as an end pointo 

They differ in shape from the supersonic tunnel measurements 

but cross over the curves obtained in the NAE tunnelo 

Because of the large scale model used in the Langley 

tests, it is reasonable to expect that they are the more 

reliable, but the question should probably be kept open to some 

extent because of the large effect of Cm,. on manoeuvrability o 
• 0 

The difference between the old value assumed by NAE, and that 

now given by the NACA produces a difference of roughly 0.15 g 

in thrust limited load factor at M = 1.5 at 50,000 ft. It is 

difficult to account for the measured differences, but two or 

three possibilities suggest themselves. Slight flow curvature 

in a wind tunnel at the model location produces the same effects 

as wing camber, an3 hence can change CIIb. This effect can be 

checked and corrected by testing the model in the upright and 

inverted positions, but as far as is known, this was not done 

in any of the tunnels. It is intended to do such a test using 

the 1/eo scale model at the NAE as soon as time permitse It 

is interesting to note, however, that both models in the NAE 

tunnel produced the same curve, It will also be noted in Figure 

6 that a value of Cmo was obtained br the NACA with the intakes 
' faired, which is in close agreement with the estimates and with 

other measurements at a Mach number of 1.41. This may suggest 

that in the other tests the intakes were not running full. 

However, it is understood that the model used in the Cornell 
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tests was almost id entica l with that in the NACA tests, and 

furthermore, althou gh the NAE models were much s maller, the 

.. OF .. 

test Reynolds number was not greatly different. It is intended 

20 

to carry out a further check t est at the NAE with similarly faired 

intakes to determine whether in this case also there is a 

resulting decrease in Cm
0

, Another possibility which may account 

for differences is that a moment transfer calculation may have 

been carried out with th e wrong sign in one or more of the tunnel 

tests. This has been thoroughly checked in the NAE case, but is 

not so easily done for the NACA results. It is only a r emote 

possibility, because such simple mis takes are not often made. 

There is a possibility that further che cks on t he 

correct value of Cm
0 

may be obtained from the free flight rocket 

mode l firings, since they are carried out at nearly zero lift. 

It is not known whether this ha s already been done by the Company. 

J.J. 2 Aerodynami c centre po sition 

In Fi~ure 7, the aerodynamic centre p~sition is plotted 

a gainst Ma ch numb er. With the exception of the 1/50 scale half 

model t ests, the measured results appear to agree more closely 

with the NAE estimate than with the Avro estimate, at least in 

the medium supersonic range. Since the aerodynamic centre seems 

to be some 2 percent furth er aft than that estimated by the 

Company at a Mach number of 1.5, their estimates of elevator 

angle to trim would be slightly optimistic as a result, 
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3.3.3 Cm 0 at constant C1 (Elevato; effectiveness) 

In Figure 8, Cmo is plotted against Mach numbero 

This was the quantity which had generated the most 

lengthy discussions, since it appeared to be the one which 

differed appreciably in the two sets of estimates. The NAE 

method of estimation was an extrapolation method which there­

fore depended on the accuracy of the Cornell data. It is 

understood that the Avro curve was originally also obtained 

by an extrapolation method, but later was supported by the 

introduction of a new and somewhat more elaborate procedure 

which was thoroughly discussed by Avro in Reference 3. It now 

appears that this method was in error since at ·Mach numbers in 

the neighbourhood of 1.5, the Langley data (and also that 

obtained in the NAE tunnel) falls approximately 20 percent 

below the Avro estimate, and also seems to fall slightly below 

the NAE estimate. The discrepancy increases with increasing 

Mach numbero 

Fortunately at low load f~ctors (in the neighbourhood 

of lo5) at 50,000 ft., and at M = 1.5, the new value of Cmo 

is counteracted by the new and favourable value of Cmo obtained 
... 

by the NACA. At higher load factors, however, the elevator 

angles required to trim will now be c·onsiderably larger than 

those originally estimated, and although the RCAF specifi-

cation does not refer to unsteady manoeuvres, they are of 
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considerable importance in interception manoeuvres. The maximum 
' 
load factor as limited either by maximum elevator angle or 

' maximum available -hinge moment will now be considerably reducedo 

3.3.4 Elevator angle to trim 

In Figure 6 of Reference 2, the elevator angles 
-, 

required to trim the aircraft are plotted against load factor 

at M = 1.5 at 50,000 ft. This figure is reproduced as Figure 

9 in the present note, with a new curve added for comparisono 

• The new curve is the origina l NAE estimate (corrected to ·29! 

percent CoG• position and to the new aircraft combat weight)o 

It will be seen that while the NAE curve is parallel to that 

now given by the Langley tests, it differs from it by approxi­

mately four degrees of elevator angleo This difference is 

accounted for mainly by the new value of Crno, although one 

degree is due to the new thrust anu rjrag r:romeht ~errectiono 

Figure 9 illustrates further that the load factor 

as limited by available elevator deflection (30 degrees) must 

be considerably reduced and will be in the neighbourhood of 

3 g's at combat speed and altitudeo 

Jo4 Total Trimmed Drag 

Figure 10 has been prepared to summarize the total 

drag and load factor situation at a Mach number of 1.50 Total 

drag coefficient is plotted against lift coefficient, and an 

auxiliary scale has been added so that load factor can be 
,: 

read off directlyo Actually the load factor scale would be 
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different for other aircraft combat weights, and that shown was 

calculated for 51,050 lb., given by Avro in Reference 2o 

The combat thrust at 50,000 ft. has been reduced to 

coefficient form and plotted in Figure 10 ao that the thrust 

limited load factor can be read directly. It will be noticed 

that the curve labelled Avro, May 1956, gives a load factor 

of l.79p rather than 1.88. Tne reason for the difference is 

merely that the load factor scale applies to the new increased 

combat weight. It should also be pointed out that in this 

graph no correction is applied for thrust moment, in order to 

provide a comparison of aerodynamic data. It appears that the 

Langley results lie approximately one-third of the distance 

between the old NAE estimate (after adjustment to the new 

weight and to 29¼ percent CoG. position) and the old Avro esti­

mate (after adjustment to the new weight}. The curve labelled 

"Langley Tests" is as read directly from the NACA graphs, followed 

by an interpolation to 1.5 Mach numbero 

4.0 MAXIMUM LOAD FACTOR AS LIMITED BY ELEVATORS 

It has already been pointed out that although the 

previous Avro estimates of elevator angle to trim were accurate 

at a load factor of about lo5 g's at a Mach number of 1.5 at 

50,000 ft., they are considerably optimistic at higher load 

factors. It is quite likely that under combat conditions the 

use of tighter manoeuvres would often be -resbi-.ted to in order 

to reduce the turning radius and to decelerate. At a load factor 
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of 1 . 57 at M = 1 . 5 , the turn ing radius is more than 10 miles . 

20 

At 50 , 000 ft . altitude the limitation on maximum load 

factor is the ele vator nn ~le available to trim . The ma ximum 

elevator deflection is JO degrees , but at Mach nu mbers approaching 

2 , this angle r.1ay not be achievable bec.ause of hinge rnom::mt 

limitati ons . Figure ll has been prepared to show the estimated 

limitat ions based on the La ngley tests . Thes e es timates aro 

superimposed for co:npar ison on a fi gure taken from the Avro 

brochure dated Jepte:nber 1954 (He f erence 4). The 2stimates shown 

lnve not been corrected for thrust momen t and so are slightly low . 

They will ser v e , however, to show the order of the limitat ions, 

and the amount by whi ch thPse hav ,, decreased fro11 earlier es tima tes . 

It should a.lso be pointed out that the favourable effec t 

of deflect-in~ ailerons ur11ard has not been taken into account in 

t'lis ca lculation , and since this is estimated by Avro to reduce 

the el evator angle by abollt 2 degrees , there would be a further 

s;nall in crease in these limitations (approxi mately 0 . 2 g ' s ). 

Figur e 11 indicates that the maximum load factor as 

limited hy elevator de flection 1r.A.y be decreased from about 5 
0 1 s 

to about 3 g ' s at a Ma<fh number of 1. 5 at 5C , OOO ft
0 

The importance of the lirr.iting load fac tor is difficult 

to assess but s t udies such as that at present in progress at GARDE 

may answer the qwJstion . 

l ______ _ 
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5 00 L.~ JUCTION GF T.tUl1 DR/\G BY rr_._., AN3 Cl' :UL.rn0N DiFLr~CTION 

Ir. Refer,mce 2 the SU"/·estion is made that trim drag 

can be reduced, and performance improved , by usin ~ ajle ron 

deflection to assist in lon gitudinal trim at high altitudes. 

The HAE has made no inderiendent estina te of the 

effectiveness of the ail •, rons for this purpose , mainly because 

it was believod that the aeroelastici ty of the wing would have 

to be taken into a ccount in making an Accurate es timate , and 

no aeroelastic data is available . The pitching moment wi t h one 

a il eron deflected downward was measured in the lL-1.CA tests at a 

Mach number of 1 , 41 , and it appears to be close to one-half of 

that due to deflecting elevators the same amount . Thu s for the 

rigid aeroplane it might be expected that a gi ven upwar d de­

flection of th e ailerons (both in the same sense) woul d r esult 

20 

in a redu ction of elevator angle eqllal to &bout one-half of this 

amount . In Fit!lH'e 9 , the elevator angle to trim is shown as 

given by Avro in Reference 2 with the ailerons deflected upwards 

by 4 d2irees. It will be seen that the f-lileron deflection is 

estimated to result in a 2 degree reduction in elevator an/"; le o 

It is understood that the estimate has be~n correct ed for aer o­

elast ic effects , and it follows that these must be smalL 

lteference 2 does not r.iake it clear wh ether the drag 

of the deflected ailerons has been added in calculating load 

factor . No estimate of thi s additional drag ha s ~en made by 

the NAE , al t hou gh this could be done by using a method similar 

to that developerl by Morris at Avro for calculat ing elevator drag o 
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6 . 0 JFF1~CT 0~· N~.v IJ!l1,G DATA 01~ COf!iJ,\ T ;/ C.:IGHT 

The comba t we i ~ht is defined a s being the wei ~ht of 

t he aircraft with miss il es unfired , but with onl y one-half of 

t he f1Jel r ,~ qu ired for t he hig h speed comb&t miss ion . Sin ce the 

fuel required is a f unc tion of the aircraft draE throu;i;hout the 

mission , the co mbat weight must be r ecal culated when ever t h~ 

drag estimates a re revisedo In the present case , the NAi has 

not attempted to do thi s because it is a somewhat lenr,t hy ca l­

culation to carry ou t ac cur atel y . 

In ileference 2 the Company state that of t }w total 

increase of 2)50 lb. in combat weigh t, only 250 lb . is due to 

an increase in combat fue l. Thi s i s 3U pri singly low in view 

of the ra ther l a r ge revisi on in drag est imat ~s o It is also 

stated in 1teference 2 , however, that som~ nume r .ical errors in 

previ ous calcu l ations have be en corrected and it may be th at 

the a pparent l y sxall i ncrea se in fu9l we ight is a ref lection of 

thi s f :1ct . • 

7 . O CONCLUSION 

, s a reslilt of an assessment bv thH NAE of the 1-iA CA 

wind tunnel results for th e CF-105 , and of a co mpar i son with 

othP.r data nnd with pr evio us es timates , th e followine; conclusions 

ha ve been reached o 

1. I n appr oximate a p;reement wi th the f i gure f; i ven in 

Reference 2 , it is concluded that t he NACA resu l ts indicate a 

revi sed ste"ldy l oad factor between 1 o 5 a nd 1. 6 :;hould be a c; hi ev:1bl e 

f or a n a ircraft wei r;h t of 51 , 0 50 lb . a t a ri,a ch numb er of L 5 a t 
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50,000 ft. (if no account is taken of the favourable effect of 

deflecting ailerons upward). This value is to be compared with 

that given by Avro (1.$$ g) in Reference 1, and the value 

estimated by NAE (1.29 g) towards the end of 1955. The increase 

in load factor due to upward deflection of the ailerons has not 

been estimated, but probably would not differ gr eatly from the 

increase given in Reference 2 (approximately 0.8 g)o 

2. The previous value of the load factor calculated by 

Avro appears to have been too hie;h due to optimistic estimates 

of almost all of the aerodyna~ic parameters involved. Although 

Reference 2 indicates that previous estimates of trim drag were 

accurate, this is true only at the low load factor now achieved. 

3. The previous NAE estimate appears to have been too low 

mainly due to a pessimis.tic estimate of the pitching moment at 

zero lift, which, in the NACA measurements, is twice as large 

as the NAE estimate at a Mach number of L5 and about 70 percent 

larger than the Avro estimate. There may still be some doubt as 

to the accuracy of the NACA result, but it should be possible to 

obtain checks from other sources. 

A detailed comparison of NAE estima:t es with measured 

values of other aerodynamic pa rameters shows remarkable agreement 

in all cases. 

5. A comparison of total trimmed drag at a Mach number 

of 1.5 indicates that the NACA data lies considerably closer to 

the previous NAE estimate than to the Avro estimate. (See Figure 10). 

The favourable value of pitching moment at zero lift, 

which was found in the NACA tests, counteracts, at low lift 
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coefficients, the optimistic estimate of elevator effectiveness 

which had been made previously by Avro. At hi gher lift coef­

ficients, however, this effect begins to fade out, with the 

result th3t the elevator angles to trim at high load f a ctors 

are now considerably increased, and the maximum load factor as 

limited by available eleva tor deflection must be r educed below 

that previously given by the Company. The effect of this on 

combat effectiveness can probably be assess ed in studies at 

present be ing carried out by DHB a t CARDEo 

$. 0 H2FERE!! CES 

1. CF-105 Monthly Perfo rmance fl. eport No a 8 , May , 1956 0 

2o Effect of NACA Wind Tunnel and Free Flight Tests on the 

isti ma ted Performance of the CF-105, Avro Repor t da ted 

October 1956 . 

Jo Note on Elevator Power and Pitchin g Moment at Zero Lift 

of CF-105 , Avro H.eport P/Stability/97, Jan . 195 6 . 

4. Twin Enr, ine Supersonic All-Weather Fi gh t e r CF-105, Avro 

Canada Bro chure dated 23 September }954. 
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