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1 SumRs
%ind tunze; tasts of the Avro £~105 were corducted in the
3' x 4' trensonic throat_of'the Cornell variable Density
Wind Tunrel to confirm the predicted per fermance estinates .
wh:ich were based cn the use of a smal) ancnnt of negative
wing camber to reduce *he e‘evator drag in f]igkt at high
altitudes. The besic drag, the longitudina] stebility and,
the effect of camber were in ezce]Jent_agreement with the }

estimutes, Tre elevatcr effectiveness, hinge momenss and

drag were found to_be more favorable:than had been entic‘-’
patec by a substanﬁial mergin. It‘is'hence concluded that
these tests have confirmed the velidity’qf the assumptions
used in estimating the performernce and esteblished the basic
sourdress of the configuration.

2 INTRCDUCTICN
R.C.A.F. Spee, AIR 7-3(1) calls for a design study of e
surersonic fighter meeting tte deteail reguirements leid dewn
therein, One of }hese recguirements is that tre zercdynermic
data orn which the studv is bssed b2 confirmed 5y #ind tunnel
tests. Accordingly, tests were condusted in the 37 x 4
tranzonic threst of the Tornel! VYeriebie Lensity Wind Tunnel-

~

from Aug. 27 to Sert. 2 con a model of tre configuration which

was selected by the R.C.A.F, (as the one =hich best met their
requirements,, on the basis of the data given in avro Jecign
e
w4

A
J
Study Rerport lc. F/C105/1°
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2 INRCDOATION (Gentinued) :
This renors .z ‘ves a sumuary of tha vesults of these tests and
corrares them with the dsta used in the Design Study (2). It
wes rointed cut in that study trat one of the major features
¢f the design =es the use of negative wirg cerber in order to
reduc~ elevetor engles requlred et high altitudes and hernce
the elevstor drag. Furthermore, it:was rade clear that-
sdeguete test duta on which to base the effectiveness of
cazver did not exist and tﬁat inform&ticn or elevetor drag
s not altogether satisfactery. The purposs of these tests
®as 1o rereive these mutters, as well as to confirm the other
data o which resscnebly sastisfactory informailen wes elready
in evisternce,
The medel was made te 03 scale for sting mount irg in tre )
It x 4! Srmrsenic threar oF the Ceornel) Yerlsble [ensity
Wind Tunnel, The efrera®™ dAi=-rensicns ere siven on the gen-
] arrargerments shown cn sheet 1.9, The molel wss of

?

sorntrueticr ard nouszd sveelally decligred strain

sguge velences within the fuselage. A free resssge Tor alr

2a%aliowed within the fuselspe betwenn the

ducts ard the let nozele, Twe winge weru macde for the mesel;
cre witLout cumbey, und onw camoered the required amcurnt,
Crly the urcemtersd wing wes fitted with elevstorn. The 2le-
veter on the port side wes itted wilh siraln gauges for

menouring
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.3 MODEL (Contirued)
The transonic throst of the tunnel !s of a tvpe specielly

developed by Correll and employs sucticn through the porous

walis-éf'the_working section to avold choking end incidently

to aveid a1l igﬁne? conét}aint corrections asnfelliaé:;hter-
ference from reflected shocks. The rre#ent-thfoai was ori-
ginal]j intended as a mcée]-to esteblish the design recuire~
zents for modificaticns to the entirefwcr?ing secticn of the
tunnel. Howevef, the model has proved sc successful that it
is beiryg used extensively for routire testing pendirg the -
develcpment of the full scele throst. This will require

scme time, since the sucticn requirements are so large that

?
special equipment will~have to be provgded, heving a capa=~
city greetly exceeding that of the twc J 35 jet engine
compressors which are vsed ‘to provide suction for the small
wbrking gsection,

4 EESUITS
The results have beern reduced to coefficlert form and ere
conpered with estl~ated ve'ues on the grarhs given in
secfions 17 to IV of this rerort. The besic date freo

which the coefficierts were derived is contaired in Ref. 3.
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5 DISCUSSICN
5.1 Longitudinal Stability
5.1,1 Aerocantre p
_ A/

Figure 2.1 shows exc ellent agreemant between the test ‘and
‘estimeted posifions fcr thp aerocentre. This confirms that c.g.'
limits assumed are re‘iable. Tbe affect of cauber on this is not
apprer‘ahle, as was expected.

- 5. 1 2 Lift

The slope of the lift curve with 1ncidence as obtained
from test agrees we?\ with tbe est Imates as shown en nheet_2{2.'
Furthernore it has been shewn on'.Sh_eet.'s.Ll of ref, 3 thet tre low
speed Cimax is in good agreement with eétimates and is nct'affecté&
by camber. The CL‘s at highef épeeds.were not extended sbove about

0.7. There was no evidence of stalling or buffeting with this

range, which was more -than adequate to achieve the estimated,manoeu-

A

vre env?IOpe.
5.1.3 Camber Effectiveness
The effect of camber on Oy is shown on Shect 2.3« It can
be seen that the cambered wing gives s Cy, thet is in very good 4
. Agr=ement witg the egtimate, 1In view of ths scunty evidence on
which the eatimste waa based, thig Is extremely gretifying. The
fact tret thers i{s not as high a peak as sstimated detween ¥ = 1.0

end 1.2 iz very favorable. The agreement elsewhere should assure

the velidity of the provions estimates,

, E4t l.

7
Coper
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DISCUSSION - Cont'd.,
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5.2 Longitudinal Control

5.2.1 Elevator Effectiveness

The elevator control churacteristics are compared with
the estimates on sheets 3.1 an§’2:2 in terms of 1lift effective-
ness & point of applicaticn of iheAlift regpectively. These
two elements are comgined to give-;he‘moment effectiveness. on
Sheet 3,2.2 which is the primary criterion of longitudinél
control. This showéfthut the expe?iﬁental effectiveness‘is cﬁﬁ:;

siderably better than the estimate below M s 1.13. Above this -

. . . . .r . ’a .
it is inferior. However, the experimental curve can be smé%%hly

extrapolated to agree with the estimates above about M = 1.5. / }géfi
Since egtimated values aboye this speed are believed to be very

y/reliable, this seems a very reasonable extrapolution,

b¢£é¥/ It is:bf very considerable interest to note that th: ,
effectiveness is linear with elevator deflections up to 30  through
the transcnic region,

On the basis of these results the trim troubles near

M = 1.0 should be greatly alleviated by the very high effective-

!
|

ness in this region, wrile the slight deficiency between M = 1.13 |
and M = 1.5 is not feltito be very serious, especially since its
éffect will be alleviated by the fact that:the aerocentre does

not move back as much as was anticipated between these Mach numbers,
and the hinge moment coefficients é;e léwer than estimated as

noted below, :
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’-:"-".5 DISCUSSION - Gont'd.
5.2 L vgitudinal Control
'..,5 2.2 Elevator Hing: Moments
The elevator hinge moment..coefﬁcients are shovm on Sheets
3. 4 and 3.5 They are considerably lower than was forecast. |
This will permit increaeed manoeuvrabllity since the reximum hinge
moment that can be devnloped is limited by mechaniml considerat.iovs;'

_ The values of GD g‘.xven on Sheet. 1..1 are in good agreement
/ ( , with the estim,xte. However the wind tmnel values canpot be con=
sidered as particularly reliable in t‘:is case, sirce a corraction
equal to abou’c M ,gf the meaeured drag has 1o be appllned L
’to allow for internal in the ducts and for the base drag og.‘{‘wl
the sting.' These cgrrections must be estimzted on the ‘basis "of
a somewhat inadequate pressure measurément in the model, and
hence may be subject to cons;lderable error. The correction should

not vary appreciably with (( or&, so that the above reservations

about the accuracy of the drug data apply only to the vulues of

~

uDo'

The induced drag efficiency factor "e®™ is shcwn on Sheet
Le2, This is slightly higher than expected at Kach numbers over

0.8. This will result in slightly lower drzg at high altitudes,

L .5¢3.2 Elevator Drag.

- The elevator drig coefficients are given on Shects 4.3 and

Lo/s It cun be seen fror Fig, 4.3 thut the veriation of profile.
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@5. DISCUSSION - Cont'd.
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s05e3.2 Elevator drag - Cont'd,

drag with elevator deflection is considerably below the estimate
based on wind tunnel tests and tends moré to the values obtained
from rocket propelled nodels. The effect on the induced dfag

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

. from any source previously

2

Thls should recult in a substantlal reductloq in the eleva- ,
tor drag over those used in the previous estimates which were

based on K.A.C.A. wind tunnel data.

s8¢/, Effect of Revnolds Nurber

. To asses Reynolds mucber effects, two runms were‘made at

M 2.9 at R.N. = 1.5 x 10 and 3.4 x 1P, Detoiled results are
presented in Ref. 3 Section VI, They show that the influeéce of
Reynolds number is neggligitle, This is substantiated further

by the fact that the present results are on.the whole in excellent
aéreement with predictions based chiefly on free flight rocket
propelled model data usually obtuined at Reymolds numbers of the
order of 20 x 106.

/.,
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6 CONCLUS IONS
"he comparison of data cbtalned from the trsreonic wind tunnel
tegt of T-108 gt “crnel] Aercnsutles! lLehoratories Ine, with the

origine] estimatas of aerodynemic characterilatlcs ird‘cate that:

(1) iZongiindfaal stability will be ent-‘_ly satisfactoijﬁﬁﬁf

and is vervvclosé td the est.mahe.

(2) Manoeuvrability w;ll be better than expected in thew

n‘i opeed Rangé.notably at low speed and high

subsonis sp»eds.i

(3} Ferformunce w111 be apprﬂciab*J better thun est! watadéﬁé?

(4) Correli Tran onic ﬂind Tunnel is an excellent exreri-
mentaul tool, and will be of great. use in the further
’ . development of the project: the dsta obtained being

in close agreement with free flight high R.N. rocket

‘1% X.C.1.F. Srec. AIR 7-3 Deailgn Studles of Prototyve
All-Feather Intercertor Alreraft - Issue 1, May 1953,
Superscai:z 21)-%sather Interceniodr

~. - /.
Llrcra®t = Avro Report Ne. P/C-1051
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PURPOSE

TEST PERIOD 1I AND III

v

These tests were a continuation of the low speed
tests started in test period 1. The following lateral
and longitudinal characteristics were investigated:
effects of undercarriage 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 control
1nterference;‘and the effects of tenks and dive drakes.

CONFIGURATION

The model configurations used during these tests
were as follows:

B, - area rule body (B,) with 30° nose cone
V1 - fin with separate rudder

L5 - 3% cambered wing.

Eip - 10% extended léading edge outboard of

transport joint of wing.

N5 - 5% deep wing transport joint notch.

D8-4 - B9 leading edge droop inboard of notch,
40 droop outboard of notch.

Uy - nose undercarriage reversed

U - undercarriage.

Co - open cenopy - closed canopy otherwise
understood.

T - fuselage tank

S - 8peed brakes.
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The ground board was locsted at .465 b/2 and
.7 b/2 from a _point .C9T below the LAC at .27-

CON'"ROL DEFLECTIONS

Test Period II

Elevator: <10, O |
Aileron : 10, © .
Rudder : -6, -4, -2, 0, 2, 4, 6, 10, 15, 20, 30

Test Period III : : L

Elevator: =20, -10, O -

Aileron : ~20, -15, -10, -5, -2, 0, 2, 5, 10, (both)
Ailercn @ -20, -15, -10, =5, 5, 10 (right only)
Rudder : 0, 15, 20, 30.

SPEED RANGE
Mach number = .21, Heynolds Number = 3,1 x 106
and Mach number = .27, Reynolds Number = 4.0 x 106

BASIC PLOTS

The curves in this report were based on the data
obtained in Runs 55 to 123 (Test Period 1I), and 124
to 181 (Test Period III). The plots included are listed
in the index by gection number and sheet number.

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

curves are included at the end of ort.

iy
|  conrDER MRk,

.and interference corrsctions that éan be applied to the
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The nose’undercarriage configuration Uj was

obtained inadvertently, and the tests were repeated
with the proper congiguration {U) for those condi-
tions where the nose undercarriage was effective,
e.g8., basic runs in yaw. Where the effect of the
reversed nose undercarriage were not predominant
the U; data was utilized.

The deta were reduced to .28% on the M.A.C.,
and .28¢, .31t, and .35¢ at .8 inches above the
fuselage datum but only the data for .268¢ on the
M,A.C. has been completely plotted.
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