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Wind tun:.el t~sts of the Avro r,-105 were cor.ducted in the 

3' x 4' tr6nsonic throat of the Cornell variable Density 

Wind Tun~el _to conffrm t.he predicted ~er~?.rmance estimates .. 

w~ich were based en the use of a smaJJ amc~nt of negative 

• wing camber to reduce· ·the eievator _drag in f] ight at high 

altitudes. The bE.sic __ dra~, the _lon,g,it~i~J ste.bi?~ty and . 
the effect of camber were in excellent agreement. with the _ ~ 

e;;t.i:mites. Tr.e eJevatcr effect ivenes·s, }:j nge moments and 

drag were found to be more favcr&ble tho.r. had been antici­

pated by H substantial me.rgic. It is hence co~cluded th&t 

these tests have confirreed the v~liriity of the assumptions 

used in estim&ting the performer.ce and established the basic 

soundness of the configuration. 

rnTRCDUCTICN 

(1) 
R.C.A.F. Spee. AlR 7-J calls for a. design study of a 

im.:=•t~:·sonic figr.ter meet. ing H:e d€!ta i1 requjrE-ments le id down 

therein. 01"\e of these reqttirf:rr.ents is t~at. t~e ~ercdyner.dc 

data o~ whi'-·h the stud? is based be confirmed ,., w!.nd tunn!'l 

tests. Acc~rdingly~ tests ~ere co~ducted in t~~ 3· x 4' 

fro~ Aug. 2~ to Sert .. 2 on a :r.odel o!' tre confjgure.t !.on which 

wa:, seJected by the R.C .. \.F. {.11s the one '1fl:lch hP-~t met thei.:-

re·•,:~~-· •its' or· ~he b~s 1
~ ~· • C~ \4 .. ,. ,..,. ~ .. t I ~ • I I .l ~ ~ ~- ..,; -

I ~ \ 

Study Rer-c.:-t !k. F/C105/l~r.:, .. 
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co~rares them w !.th U.e data tsed 1n tr.e De~ ign Study ~ 1• It 

.was r-ointed out in that. stud:, tr:at ona of the major features 

cf the design ~e.s the use of negative wir.g 'cer:ber in order to 

r~d~..:;.. e:.e"ls.tor angles required ·s.t high aJtitudes and her.ce 

thE: ele\~6.tor drag. Furthermore, it wcs made clear that 

&dequ~ te test <llite. on which to base tte effectber.esr- of 

caa:c~r dia not- e,;.ist aild that infc,rmaticn on elevi:.tcl' dr,ig 

w&s to t-#!'nlv{l these mutters, as well as to confirm tha ot.Ler 

data er, wr:ich reescnah.:y satisfactory 

int~ks 
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.J MQ!?fil~ (Continuec} 

The tr6nson1c throat of the tunnel is of a type specielly 

developed by Cornell and _emp1oys sucticn through the. porous 
. . - : . . ~ 

walls of the _working section to avoid choking snd inc~dently 
.. 

to avoid all tunnel constraint correctjons as w~ll as·$..nter• 

ference from re~Jected shocks. The rresent.throat was ori• 

ginalJy intended as a model. to establish the design require­

~ents for modificaticns to the entirb ..working section cf the 

turu1el. However, the model has proved so successf~l that it 

!s be!r.g used extensively for routi~e testing p~nding the 

develcp1r.ent of the full scale thre&t. This will require 

sc~e t!.me,since the suction requirements are so large that 

special equipment will have to be provided, heving a capa­

city greatly excecd!r.g that of the two J 35 jet engine 

com~resso1~s which arti used • to provide suction for the small 

wcrk1ng secti~n. 

The results have been r~duced to coe~fie!er:t form end ere 

sect:.ons II to :t.· of this rer·ort. The bes1c date frc.m 

which the coefficier.ts were derived is contained in Ref. 3. 

I 
I 

DATE 

Ser,t. 1!/: 
DATE 
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D!SCUSSICN --
5.1 Longitudinal. Stability 

5.1.l Aerocantre 
Np 

I 

' Figure 2 .1 shows excellant agr_eement between the test and 

estL~ated positions for the aerocentre. This confi:ms that e.g. 
.. -

limits as~umed are reliable. . The errect of csuber on this is ·not 
.. 

appreciahle, as was expected. .. 

,;.1~2 urt •_·A/-:"'-/:·'·? i~?ff?Lc 

The sI,:,r.e of the lift curve with 1:icidence as obtained 

frc:n test agreP.s -.re11 with the est!rrates as shc?!n on :,heP.t 2.2. • 

Furthermore it has been she~ on.Sheet.5.l.l c! ref. 3.. that the low 

speed C lmex is 1n • good egree~nt . with estimates end ls not affected 

by camber. The CL' s at higher sr,eeds were not extended above about 

0.7. There was no evidence of stalling or bU:-feti~g with this 

DATE 

ran~e, which was more •than adequate to achieve the estimated.manoeu­

vre e nv&:> lope. 

5.1.3 Cemoer Effectiveness 

Thi:! effect of camber on CJd
0 

is shown on Sheot 2.3. It can 

be seen that the cambered wing gives a CM.o thc-t is 1:i very good A,, • &..;-I~ /. .. 
I , ) r 

.agr~ement with the ~stimata, In view of th~ scanty evid~nce on 

which the est l?!'.S:tF. ir1.1~ based, this is extreeely e-retlfying. The 

fact +.r:et there ia not as high a peak as est!:-nated l;)etwerm ll = 1.0 

and 1.2 ls very fav~rab1e. The agree~~nt elsewhere shculd assure 

c.~"•'1J,,e.• .• 
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5 DISCUSSION - Cont'd. 

5.2 Longitudinal Control 

5.2.l E~evator Effectiveness 

The elevator control characteristics are compared with 

the estimates on sheets 3.1 and 3.2 in ter~s of lift effective-
- - _____ J 

ness & point or applicaticn of the lift respectively. These 

' two elements are com_~ined to give ·the· moment effectiveness .. on .. 

Sheet 3~2.2 which is the primary criterion of longitudinal 

control. This shows that the experimental effectiveness is co~.-­

siderably better than the estimate be2ow M = l.lJ. Above this·. 
; ·, . 

I ..,...,_.,Y., 
it is inferior. However, the experimental curve can be smot>thly 

extrapolated to a~ree with the estiuJB.tes above about M·• 1.5. 

' ! . 

)6H/ c2--1 . Since estimated values above this speed are believed to be very 
7/Je Y .1~ w/~"? 

/·;reliable, this seems a very reasonable extrapolation. 
,:7/1 _, .J;P~N~--,.r;J 

t 

I ~.,-4,,ee- ,P",,rcs j,,1/ It is Or very considerable interest to ·note that the 
-;--/·Pr,,-/ / '3 J/./l:J. . 0 

•• _, effectiveness is linear with elevator deflections up to 30 

the transonic region. 

On the basis of these results the trim troubles near 

I 

i 
through 

i 
I 
I 
I 

M: 1.0 should be greatly alleviated b:T the very high effective-
t 

ness in this region, while the slight deficiency between M : 1.13 I 
i 

and M :: 1.5 is not felt to be very serious, especially since its f 

effect will be alleviated by the fact that'the aerocentre does ! 
I 

not move back as much·as was anticipated between these Ma.eh number~, 
• ( I I 

and the hinge moment coefficients are lower than estimated as ! 
: 

noted be·low. 



A. V.-~~~ ~,.R.Q,IIRll'Ka REPORT No. P/Wind Tur.r.el/9 
M.-LTON • ONTARIO 

TECHNICAL DEPARTMENT (Aircraft) SHEET NO. J,6 _____ _ 
------------- ·------

AIRCRAFT: C 105 PREPARED BY DATE 

J. A. Chumbt::rlin 11 Sept. ,. -
CHECKED BY DATE 

!'' 

·.~ .. 5 IHSCUSSION - -Cont'd. 

• ::15.2 Longitudi!,.al Control 
·' 

~ »5.2.2 Elevator Hill{r-Uoments 

The elevator hinge moment.coef~icients are ~hown on Sheets 

J.4 and J.5. They are considerably lower than was forecast. 

'!:his will permit increased manoeuvrability since the Jr.aximum hinge 
. ,~ 

moment that c~n be developed is limited by mechanic~! consideration•.· 

~.,5 • .3 Dt~g • • • •• ·- :_ .''','.!•?;\it_ : ·.i 

~- ~ 

~-,5.J.l Basic Drag 
-:?:.",·:.-~~-:• . . ; ,.. ... ,j,_~-' ··:: 

I I I 
. -~he values o~ ,CDC! .. given on ~hee~ 4.1 are in good agreement 

with the estimite. However the wind tunnel values cannot be con-, 

sidered as particul~rly reliable in this case, sir.ea a correction 
A/ .. 

_ equal to_ about one J,hi~_·:or the· measured drag )~t!~-- t~~e appli,edd . l,: 
to allow r or internal M. in the ducts am for the base drag. or { I • 

the stin/: These corrections must be estim::ted on the ·basis of 

a somewhat inadequate pressure measurement in the model, and 
' 

h~nce msy be subject to considerable error. The correction should 

not va:rs appreciably with c( or 8 , so that the above reservations 

about the accura~J of the dr~g datn apply only to the values of 

The indµced dr~e efficiency factor "e" is shcwn on Sheet 

4.2. This is slightly higher than expected at fr~ch numbers over 

0.8. • This will result- in sliehtly lower dr~g at high alti ttxles. 

• .. 5.J.2 Elevator Dr:Jg. 

... -. The elevator drag coefficients are given on Sheets· 4 • .'.3 and 

/4 .• /.. It cc!.n be seen fror:. Fie. 4. 3 that the v~iation ot"' profile, 
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I. 
i 
i 

A:.-5. -.DISCUSSION -:-cont'd. 
.. . . 

~~5.3 Drag -~ 

:~o5.3.2 Elevator drag - Cont'd. 

drag with elevator deflection is considerably below the estimate 

based on wind tunnel tests and ten:ls more to the values obtained 

from rocket propelled mcxiels. The effect on the induced drag 

can be seen from Fig. 4.4 to be very much less than that obtained 

from any source 'previously., - •• 

. ~ .. I 
This should result in a substantial reduction, in the eleva- / i 

tor drag over those used in the previous estimates ~hich we~~-

va.sed on I{.A.C.A. wind tunnel data. . / ! 

~5.4 Effect of Revnolds Nw.ber 

To asses Reynolds number effects, two runs were made at 

M :.9 at R.N. : 1.5 x 10 am 3.4 x lrP. Detailed results are 

presen~ in Ref. J Section VI. They show th·tt the influence of 

Reynolds number is nggligible. This is substantiated further 

by the fact that the present results are on the whole in excellent 

agreement with predictions based chiefly on free flight rocket 

propelled moo.el data usually obtained at Reynolds numb:?rs of the 

order of 20 x lrP. 

j 

I 
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CONCLUSIONS 

"'he comparisoti of data obt.alned front the tra~~onk it Ind tunn-=! 

. ~rieinal e~tirnatas of aerodynamic characteri~tlcs ind!cete that: 

(1) 

(2) 

~cogitud~.:w.l stability will be e~t!~ly s&tisf.actor.-y. /✓I' 

and is very close to the estimate. // 
·,. ,. 

::::y:::~~~~r::::~~:::::\:a:;::e:::dh::h//he. 

subsonic speeds. 

DATE 

DATE 

(J} ferforc.ance· will_be appr~ciablJ better than estimated/ 

( • ) .4 c·ornell Transonic Wind Tunnel is an excellent experi• 

ra~nt.ul tool, and will be of great. use in the further 

development of the project: the d!:.ta obtained being 

1~ close ag~eement with free flight high R.N. rocket 

tests. 

~~ 

(2) De:3 ~gn Study of Surersc~k Al 1-r.isa'!:he!" r~terce~t:>r 

A!r~raft - A\.TO Re;:ort Ne. P/C-105/1 

(::orrectad Plots. 
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Reference Nos P/GE0M/33. 

AREA 

MAC 

I 

VERTICAL TAIL (V ) 
3 

ELEVATOR 
AREA 

. 
RMS Cbord 

AII.mON 

AREA 

RMS Chord 

fllJDDPlt 

AREA 

RMS Chord 

\ 

2 
1225.0 tt. 

30.2177 rt. 

900136 tt. 

2 
1S8o792 fto 

130534 tt. 

5oZ'/8 ft. 

53.541 ttG 

So250 rt • 

. 

330276 rt. 

)G504 rt. 

)0950 tto 

2 

2 

each 

each 

N.Bo Wing dimensions are projections on the horizontal. 
Control surface dimensions are projections on the 
ohord plane. 

! 
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DATE 
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TEST PERIOD II AND III 

PURPOSE 

These tests were a continuation of the low speed 
tests started in test period I. The following lateral 
and longitudinal characteristics were investigated: 
effects of undercarri&ge with and without ground effect; 
effect of open canopy in yaw; rudder and aileron 
effectiveness with and without ground effect; the effect 
of rudder in yaw, the ailerons in yaw and contrql 
interference; _and the effects of tan~s and dive brakes. 

CONFIGURATION 

The model configurations used during these tests 
were as follows: 

B:s 

u 

T 

s 
B 

- area rule body ( B2) with 300 nose cone 

- fin with separate rudder 

- ~ cambered wing. 

- 10~ extended leading edge outboard of 
transport joint of wing. 

- 5% deep wing transport joint notch. 

- so leading edge droop inboard of notch, 
40 ~roop outboard or notch. 

- nose undercarriage reversed 

- undercarriage. 

- open canopy - closed canopy othenviae 
understood. 

- fuselage tank 

- speed brakes. 

-· I 
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The ground board was located at .465 b/2 and 
• 7 b/2 from a point . 09c below the MAC a_t . 27c. 

CON'i'RlL DEFLECTIOl~S 

Test Period II 

Elevator: 
Aileron 
Rudder 

Test Period III 

Elevator: 
Aileron 
Ailercn 
Rudder 

SPE;:D RANGE 

-lo, 0 
10, 0 

-6, -4, -2, o, 2, 4, 6, 10, 15, 20, 30 

-20, -10, 0 
-20, -15, -10, -5, -2, 0, 2, 5, 10, (bothJ 
-20, -15, -10, -5, 5, 10 (right only) 
0 , 15, 20 , 30. 

Mach number: .21, Heynolds Number - 3.1 x 106 
and Mach number: .27, Reynolds NW!lber: 4.0 x 106 

BASIC PLOTS 

The curves in this report were based on the data 
obtained in Runs 55 to 123 (Test Period II), and 124 
to 181 (Test Period III). The plots included are listed 
in the index by section number and sheet number. 

Corrections hlive bee~ applied to account for wall and 
blockage effects. However, since all of these tests except 
Runs 175 to 181 were made using the single strut support, 
for which no inverted or dummy runs could be obtuined, strut 
tare and _interference effects were not included. For this 
reason most or the plots in this report are labelled 
"uncorrected". Strut tare and interference corrections were 
estimated from the earlier twi~ strut data and applied to 
some of the curves, especially longitudinal data, but there 
was some doubt as to the validity of these corrections for 
the lateral data. Curves giving the estimated strut tare 

.and interference corrections thatfi:~.b~ applied to the 
curves are included at the end or~;;~ • 
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The nose unde~carriage configuration U1 was 
obtained inadvertently, and the tests were repeated 
with the proper congiguration (U) for those condi­
tions where the nose undercarriage was effective, 
e.g., basic ~uns in yaw. Where the effect or the 
reversed nose undercarriage were not predominant 
the U1 data was utilized. 

The data were reduced to .28ff on the M.A.C., 
and .28c, .3lc, and .35c at.a inches above the 
fuselage datum but only the data for .28c on the 
M.A.c. has bsen completely plotted. 
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