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TbP. Sub-committee on Aerodynamics Meeti np whi ch took plac'l on November 22nd, 1955 
at f..V'"O ht1s shown t,h'lre was a considerable amount of di f'ference between Avro and 
N. t . E. wi +,h regard to interpretation and errapolation of exi stinp experimental data 
O"l elov&+,or :;::ower as applied to CF-105 aircraft. 
There was a similar situation concerning extrapolation of pitching moment at zero 
lift. 

Various state~ents made by N.A.E, representatives at that meeting were since in­
vesti gat ed in detail by Avro and this note presents a summary of these investi gations 
a"ld conclJrions r eached by f..vro, 

1 , Discrepancy in CM(i at constant CL ovor the Mach range covered by tests 
at Cornell. 

Avro figures as presented on graph 1 are in agreement with factual evid~nce , 

Departure of N. P .E. figures can be exrlained by inoccur1;.cy i their work 
Jue to neglect of elastic distortion of wind tunnel model. Errore incurred 
at: several Mach numbers are g1 ven on sheet 2 e.~d actual cross-plots on 
sheet 3 • c ,1/ ? ,, /f • ;f,f r / ,,,.., ,:o, / ~,;. ~.,<,.. , ... , 

-< ~P- .,,,,. ,.. ,,t< ~ 

Direct comparison with available N.t.C.A. experime~tal evidence • 

Reports RM A5200lc and RM L54Gl2a were referenced by N. A.E. and results 
co=i.red with CF-1'"15 on N .. E. grar-h No. 5a, and this shows Avro estimote 
to lie above experimental poi~ts. 

Avro analysis of the same reports plus RM A52ID4 is presented on grarh 4: 
it shows that the relevant conri guration of 52001c (i.e. con~tant chord 
elevator) gave experiment al )'.Oints above Avro estimate. 

Report L54Gl2a gives higher than Avro CM
0 

at constant CL up to M = 1,46 
and report A52ID4 up to }/ = 1,6. 

Following are the believed reasons f'or this di verl"ence of int!lrpretation, 

(1) 

(ii) 

(iii) 

area correction was applied by N.P,E. to data of report A52D01c but 
not to report L54Gl2a althoueh it amounts t,o 17%. App1:1rently this 
corrEction is either applied or not according as to whether it helps 
or not to prove ~. A,Z, postulates. Graph No. 5 shows how completely 
irrelevant is this discrepancy (oven allowing for different 1/ 
~stimates of the aerodynamic centre) , ~ ,-,r-t,J j L( c, 

( j ~0 - • I 
tip loss correction was ignored by N.A.E/ )0.:.,,\.~ 

data used was presumably deri ved from ~. ~ .f. ;-presented. slopes ~ 
Avro directly cross plotted relevant wind tunnel data and obtained 
different results to N .• c ,A, (see for example graph No. 6.) o 

/J 
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there might have been some diff~rences in reanin~ slopes 
from N.A,C.A. curves in report RM L54Gl2a but enclosed 
graphs 7 to JO (reproductions from that report) show 
that the slopes are quite well defined and any substantial 
difference in reading must be : A traight error. 

, , 

,, 

Avro presented direct comparisons of N.A.C.A. results based implicitly 
on linear supersonic now theory just to show what the result is if 
N.A,E. apparent ~round rules are used correctly and applied equally 
to all experi~ental evidence. 

Actually Avro method of estimating supersonic CM6 is dirferent and is 
based on comparisons of experimental results and theory which allows 
for non-linear effects due to finite thickness of control surfaces. 
Also CJ46 is obtained by predicting se:parately its components that is 
arm of action (a,c. and elevator c.p.) and elevator lift e~fectiveness 
(Cr. 0 ~ These items are reviewed separately below. It may be noted 

here that N.A.E. during the meeting greatly stressed the point of 
actually directly dealing with CM(, at constant CL and that they do not 
consider as correct the separate procedure,31 Examinations of reports 
RM A5200lc and L54Gl2a will show that neither of them prese~t Chf6(CL) 
as such and therefore N.A,E. must have been obtaining their values 
by exactly the same procedure as Avro . 

Elevator Lift Effectiveness (C½) 

Results of a number of N.A.C,A. supersonic wind tunnel tests available 
to us were analysed, For each of these configurations (all of which 
weie 6o0 or 63° delta wings with fuselap.es - CF-105 L.E. sweep= 61° 
27) theoretical value of C4i was predicted and then the ratios of 
experimental to theoretical value obtained, 'Ihi.11 is plotted verBUs J"6ch 
number on ~aph No .ll. It can be seen that the data for all the 
elevators (which varied consid~rable in geometry) have been very 
successfully collapsed between Mach No. 1.4 and 2.0 rlth av~rage scatter 
of about 3%. The theory used does not hold below Mach number of l.J. 
In the range applicable this theory is very superior to linear theory 
which is overestimating C½ by 20% to JO%. 

Theory used by Avro is based on NACA TN 166o and TR 1041. It consists of: 

(i) conical now theory allowine for tip effects 

(ii) thickness correction. 

As the thickness and trailing edge angle eo down it may be expected that 
the thickness correction factor will approach unity. This is well in 
agreement rlth experimental evidence - see p,raph No. 12 

Note that CF-105 lies within experimental points examined and does not 
involve aey extrapolation of data. 
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Aerodynamic Centro (a . c . ) 

Experimental data avaiJabl~ are ~iven on gr&ph !lo. 13. Sup~rsonic level 
for CF-1C5 (!lee in-&p!' :10. 14) was established by combined considorations 
of these rAsults and CF-105 Cornell Transonic Tun,el tests (up to M = 
1.23). Modifications of tte wing have shown consistent trend forwar.'"' in 
transonic tests (see ur11ph No. 14) and this was reflected in our super­
sonic extrerolation. Also Convair F-1C2 data wer~~""Vl"I ±...t.~--.'-!.'~· 
weight. -
Elevator Incremental load Centre Of Pressure (c.p,) 

Although all evidence considered was taken from near 60° deltas changes 
on elevator geometry between confiE;Urations examined cause considerable 
scatter when c,p. is plotted in t9rms of% wing M, .C. vs Mach No. - See 
graph No. 15. Ho1Yever replotting it in terms of difference between the 
experimental c.p, and the centroid of elevator area arranges the data in 
more orderly manner - see graph No. 16, The extrapolation for CF-105 
(also shown on graph No. 16) was arrived at taking rather pessimistic 
point of view as most of experimental points lie aft or the centroid thus 
giving longer arm and hence higher CM0 • It was felt, however, that this 
is safer as the movement of the c.p. aft of centroid is caused by boundary 
layer - shock waves interaction and thus might be subject to some Reynolds 
No. effect . 

Pitching ltloment At Zero Lift (Cl.la) 

The variation of CM.-, with Mach No. was obtained from three dimensional 
theorAtical calcul&t!on results of which are given on graph No, 17, This 
curve is used only on proportional basi.s and different wing configur1i1tions 
of CF-105 resulting in different levels of CMo at K, No, 1,23 from Cornell 
tests are then extrapolated accordingly, 

The N,A.E. procedure of lowering Cl,(,., curves by a constant amount whjch \I 
supposedly was based on Cornell tests is quite unsound theoretically and\ 
the experimental basis for it is non-existent. Graph No. 18 shows there 
is no constant difference in CM between various CF-105 configurations 
tested at Cornell (contrary to 0 N.A.E, claim) that is if we do not 
consider variations of +27% to •70% as ne~ligible and we at Avro do noto 1 
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Conclusions 
This investigation was conducted as thoroughly as was possible and 

whenever numerical data of N,A.C.~. tests were available they were usod 
to obtain our own plots and cross-plots in preference to using N.A.C.A. 
read slopes, 

The results of this investigation confirm fully the values of all 
the derivatives disputed as per original Avro estimates. This applies 
to the entire Mach No. range. 

Avro does not claim that the supersonic extrapolation of these 
derivatives must be absolutely correct - only supersonic tests can 
establish that. However it does claim that on the basis of experimental 
evidence available up to the present these are rationally correct 
extrapolation11. 
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