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BEsle s onaaswie veessess.Similar to Bl' but with area rule on aft
nacelles (J 75 rear end). i

B3icsrsvsongdusins +v....B2 with 30 degree nose cone.

Wing

Wldvevess vesevnsrernan.3 1/2% cambered wing (corresponding to W3
ef first series’.

Bl Ba o o a5 w5 o b dia .Extended leading edge outboard of

transport joint (subscript denotes %

extension).

i AN R vesasesssesalivansport joint notch (subscript denotes %
ad epin,
5 0 LN e S PR Sl S Leadirg edge droop (subscript denates

angular droop in degrees; the first figure
inhoard, followed by outboard).

R i s = e T e R M s @ e Firi with separate cudder (V3 of first

Miscel lanequs
.-w\ g i
Xs. {5 e e L e L R Faired intakes.
Blhi o oia el 5 e e el eV Undercarraige down. (Ul represents nose
undercarraioe reversed).
O o el sl e ol 5 Open canopy. Closed canopy included in
body symbols.
b iy -k 0wl S LW e Beily tank.
51 : [ SRR ETian T v Speed brakes,
Tunnel configurations. {(Applicable only to NAE Ne.3 tummel)
1 O, D R T Model upright on 3-point suspension.
LD v s «wanmen s ueessotd plus dumny struts,
e P S o e L T vev...Model inverted on 3-point suspension.
LB cransaesameasses b ptus dummy struts.
B15 s Bt it cee-.a...8ingle strut support.
BT S niein s ve s wamiels oo o o8 with ‘atdition of tail sting.
WING DATA C-103.
The profiles of the wing ang vertical tail do not follow the
usual conical pattern having the leading and trailing edge s
generator of a single cone. Wing percent lines will therefore,
not be straight unless they coincide with the generatrix pattern
of the local "ruled surface”,
\.

‘ The wing will contain two separate compatible groups of “ruled
- surfaces” terminating at the transport joint. (This joint on the
Arrow Mkl is at 3.5 inches outboard of Directrix B). These groups
are generated from a pattern of three directrix curves located
span-wise at wing chord stations "A& - B & C". This now implies
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Pattern. C-105 Wing.
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Wind Tunnel Mode! Mounted on Sting.




On the Arrow, the leading edge portions of the wing are
drooped ahead of the front spars. The inboard wing portion is
drooped at 9 degrees and the outboard portion is drooped at 8
degrees @95 minutes of angle.

lhe radius of curvature of the chord line varies from 51,380
1x A to 128.664" at Directrix B for the inboard wing,
and from 353.868" at Arrow Directrix B to 65.495" at Directrix C

On the o© extended also by 10%
of local ¢h ¢ ionlying factor obtained
by ai 10aQ he total! extenst ahead of the front spar by its
or1ginal gistance
FOr example:d

iginel distance of to the leading edge at
D1 B was 30.940". Directrix B (basic) is
269 . 400 gi ng a 10 X 40", bWhen added to the
original length nig 0, 9¢ 26.940 = 37.900", Dividing
this by 30.940 we have %00/3C.960 = 1,870 {(factor).

The ordir ¥ { 30.96 are aultiplied by this factor.
The sa facto 5 wsed at Directrix C thus giving the two
generat =1 oils. Once these Yr units are plotted along the
new " chaord line and the Zu and 2! ordinates plotted in
the usual 3T

he notch profile at Directrix B was derived by shortening the
Yr ardi 3 factor wich was gbtained as follows:
(30.960 ~ 13.4464)/30.9640 = .565 factor), Multipiying the Yr
ordinates by this factor and plotting along the radius of
curvature will result in the correct profile.

LEADING EDGE NOJ

EXTENSION AND DROOP.

Once again we must use the words of Jim Floyd in his lecture
to the Royal Aeronautical Societys-

m

arly in the design stages, modificaticns were made to the
original clean wing. These were the addition of leading edge
droop, and a semi-span notch with  outer win chord extension.
These modifications were made as a result of wind tunnel tests,
carried out at Cornell Laboratories in Buffalo on a 3% complete
model, sting mounted. The approximate Reynolds number used during
the tests was between | and @ million. These tests showed that a
pitch-up or non-linearity in the CM -~ curve was occurring at
moderate angles of attack. This phenomenon is not peculiar to
deita wings, being common to all swept wing aircraft. In flight
it could easily cause 3 tightening In the turn.

Crudely, the condition appears to be caused by vortices which
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On the Arrow, the leading edge portions of the wing are
drooped ahead of the front spars. The inboard wica portion is

drooped at 9 degrees and the outboard partion is drooped at o
degrees &5 minutes of angle.

lhe radius of curvature of the chord line varies from 91.380
at Directrix A to 128.64" at Directrix B for the inboard wing
and from 333.868" at Arvow Directrix B to 65.495" 3t Directeix
for the outboard wing.

On the outbrardg wing, the leading edge 1s extendes alsa by 10n
of local chord (oasic), thus giving 8 multiplving Tactor notained
by dividing the total! extension anead of the front zpar Dy 1is

or1ginal agistaance.

f o4 - o | .
FOr. eXd4Bie

The originel distance of the front spar to the leadl t
Directriz B was 30.960". The chord at Directrix 8
269.400", giving a 10% extensicn of @26.940". When addeqg ¥
original length this gives 30.94 + 246.940 = 57.900"., Dividing

this by 30.9460 we have 37.900/3G.943 = 1,870 (factor).
The Yr ordinates up to 30.96. are multiplied by this factor
(N The same factor 1s wused at Directrix C thus giving
generating aercfoils. Once these Yr units are plotted a&along the
new “drocped” chaord line nd the 2u and 2! ordinates plaotted

LHE USUAL manner .

D or

The notch profiie at Divectrix B was derived by t2ning t
Yr ardinates by a Tactor wich was gbtained as fol!

(30.950 =~ 13.4464)/30.9460 s R 948 L UT actor VU S Ml o e
ordinates by this factor and plotting alona the radius of

curvature will result in the correct profile.

LEADING EDGE NOTCH, EXTENSION AnD DRGOP.
Once again w2 amust ase the words of Jim Fioyd in his ilecture
to the Reyal Aeronautical Society:-

"Early in the design stages, modifications wer
original c¢lean wing. These were the addition
droop, and a semi-span aotch with outer wing
These modifications were made &5 a result of wind
carried out at Cornel!l Laboratories in Buffalo o
model, sting mounted. The approximste Reynolds numbers
the tests was between | and & million. These ftests

- pitch~up or non-linearity 'in the CM ~ curve was occurring at
L moderate angles af attack. This phenomenon i1s not pecutlac to
: delta wing being common to all swept wing arccraft. In flight

1

1t could easily ce

Crudelv, the condition apbears to be caused by vortices whid
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A. Basic 3-1/2% profile.
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B. Basic Profile with 0.75% Negative Camber. A cL

et

C. Basic Prifile with Camber and Draop.

\ \

D. Basic Profile with Camber and Extension
E. Basic Profile with Camber, Droop and Extension.

F. Notch Profile.
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Note:- Frofiles at Directrix B.

;
|
- !
~ s i
a 1
L‘A"“-M-.“\L\_\\\L\\\}\
parci £
.Lt
‘_J-
o e T TR
FErTONEER oy
s S,
B M
: j *‘~A~,A - S . Wil WL N8 s, . W, 5. N WY Y, i,
|
é
b

b P, A Wik Wan i TS S Y
S IR IR TR D AR




11k Fro-

W N | SR S TR ER S g Y SN

increase 1n the outbogard leading edge, to cure pitch-up. Since it
was realized that, 1f after investigation 1t was tound
would be advantageous to droop the leading edge, the eytensior
would 1ncrease the amnunt of effective droop.

I
-

W

g

Droop was then installed on the wind tunnel wmode:, 8 degrees
inboard ang  approximatelv & degrees cuthcard. 't EESEC
buffet boundary considerably. For instance, at Mach 0.92%, whaich
1s the normal subscenic cruise Mach number, the CL af which the
onset of buffet was =sctimated, was 1ncreaced from .26 with the

extension alone, to .41 with the extens:ion pius droog, |
buffet, or flow separation, was indicated by pressurs plots
the allerons ir the Cornell Laheratory tunrie | tests., e

subsequent drag oi1c not appear to be 1ncreased appreciably’ .

The praogression of leading edge design 15 shown  an the
1llustraticn entitleg Transition from the C-104/72 to the CF--10E

It i1s of interest to note that the drooping, nctching and
extension of the leading =dge was also carried out an  the 5ARE
Jeg, the McDomnell Douglas 4 Phartem and the Convair F& Delts
Dart after they had appeared ori the CF-103 and after Lhe respe

tive Company representatives had victed Avro.




that at .the cint, the 1i1nne:

are the sanmne front spar, the originsl
design, they were nolt as the outer wing pane! was gensvated trom
starion T

Fhe directriveat. chord>" B Ueip)s, Cisca b
section having 1ts maximum  thickness value
local chord. At cnord "B", the (m) value has

of the local chord anog at "8" the (m) value o}
32.122% of the local chord with a basic section NACA 0003.5~
The matirn panel extends from the aircraft centre . Lo ¥
transpart jo0int and is made up of four separate ru ES
Ruled section 2-4 will have as outer generators the s

1
main spars. Ruled sectian #-6 will have as outer genecas
main and rear spars with the centre spars being generatec witng
ction 4-4., FRuled section &-8 will have as oute

)
generators the rear spar and tralling edqge ard will be Tlat i

The cuter panel extends from the irapnsport jou
B). Ruled secticn 1-5 will have as ocuter generator:z the front
spar and tha flat plane tangent line at 62.3% he

Ruiled section 9-8 will have as outec cer &
and the ftrailing edge and being flat, )t
zensitive to eny pattern.

The leading edge sections of Loth inner and outer parels will
fallow their own gernerators witn  the front d leadin
edges.

Since all three section asercfeoils are different, tt folid
that no  two gernerators are parallel or inte ng hence
warped wing.

The camber 'mean line' is not ceens)itive Lo position and
follows & normal patterrn frem root to tip. Ite (m)  value

onstant at 22.122% angd its fiat plane tangency, at &&.5% of the

%
i

ucal chards

WIM DQTA - ARKROW .

The ordinates at the transport joint (Arrow Directvix Bi, are
gerived ftrom the ordinates at the elevator txp datum {Directrix b
on the C-103), with the original ordinates factored to 3.3%
thickness

The Arrow front spar or the irner wing has
the Arrow Directrix B as an the C-105 Traont
genarators will be the original front s&par position (C~103) J:J
the Arrow front spar position, rotated at the intercection poin
on Grrow Divectrix B to Zu and 21 values at Directris &,




that at the transport joint, the inner and ocuter wing profiles
are the same up to the front spar, whereas in the original
design, they were not as the outer wing panel was generated from
station "C".

The directrix at chord "C" (tip), is & basic NACA 0003.8-63.7
i e

gection having its maximum thickness value {(m) at 36.3% of the
local chord. At chord "B, the (m) value has been factored to 34%
of the local chord and at "&" the (m) valiue has been factored to
32.122% of the local chord with a basic section of NACA 0003.5-

- ~

The main panel extends from the aircraft centre line to the
transpart j0int and is made up of four separate ruled surfaces.
Ruled section c-% wiil have as outer generators the front and

1 & j nave as outer generators the

nain and rear spars with the e spars being generated within
the rulied section 4-4, Ffuled section &-8 will have as outer

rators the rear spar and trailing edge ard will be flat in

Tne ocuter panel extends from the transpoart joint (Directrix
Fuled section 1-% wili have as ocuter generators the front
tangent line at &62.3% of the local chord.
as outer generators the tangent line
peing flat, the generators are not

Bi.
spar and th=2 tiat

HRuied section 9-8

Sens e any
t leading edge sections 0 ath In d outer panels will
follow thei n generators  with  the spars  and leading

sergfolls are different, it follows

that no  te varallel or intersecting hence - a
Srpea 3 {
The camber mean line' is not to position and

follows & normal pattern frem rooct to tip value remains
tant at 32.122% and its flat plane tangency at 62.5% of the

The nrdinates at the transport jeint (Arrow Directrix B), are
derived from the ordinates at the elevator tip detum (Directrix B
on the C-103), with the original ordinates factored to 3.5%
thickness.

The Arrow front spar orn the inner wing has the same origin aon
the Orrow Directrix B as an the C~105 Tront spar, therefore the
generators will be the original front spar position (C-103) and
the Arrow front spar positien, rotated at the intersection point
on Arrow Directrix B to Zu and 21 values at Directriz A.
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C-104/u Wing Geometry.
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start at the tip and move to the apex of the swept wing. Low
oressure air is collected from the fuselage and causes a break-
away outboard of the area covered by the vortex, which is mainly
at the trailing edge. This 1s shawn in the illustration and
causes the effective aerodynamic centre to shift forward, giving
a "pitch-up" or an abrupt cnange in the moment curve,

While the pitch-up appearsd on test to be of small magni tude,
and since very mgderate amounts of pitch-up could bhe embarrassing
to the pilot, an attempt was made to eliminate it.

Avro was aware of the work that hed been done by NACA and the
RAE, and the fact tr a number of other aircraft which had
exh:bited this tendency, bad used eitner notches in the leading
edge af aboul mid-span, or extensions of the wirg leading edge
gutbpard, 1n a0 attempt to prevent flow separation. The notch
had been used, for instance, on the English Electric F-23, and
the ieading edoe extension 3 installed on a Grumman F9F9,
and a Chance- netch has a similar effect to a

fence and rcaus grtizes to move away from the
apex of the swept wing which i1s at mid-span,
ant reduces the area over the wing. The notch
nowever these effects by air flow rather than as a
physica It was the egpinion at 8vro that the effects of
the notch were present over the whole speed range, whereas a

3 off

fence is wsually onl 1 er smaller speed ranges, and
the notch wag expected to increase the drag by a lesser amount

than a fence.

that with the notch alone,

in ather words, the same
subsequent tests, When the
isading edge axi=n N & & tall in adgitiaon ta the notch,
the results were Tar acre vepeatable. Eight different notches and
three extended ieading edges in varicus combinations were tried.
The depth of the rotch appear=sd to be the most criticsl paramet-
er., and i1t nad ta be pourne Iin amind that teo deep a notch would
cause structural problems,

The illustrations show tne effect of the 3% notch and 10%
extension of the local chord on the outer wing, which was
finally adopted, against the unmodified 3-1/2% wing at Mach 0.9,
and at an elevator angle of -20 deqrees.

DROCFING THE LEADING EDGE.

During the time that the tests were being carried out on the
notch and leading esdge extension, the work being done on the F-
102 was being followed very closely with regard to a reduction in
induced drag by drooping the wing leading edge, and also the work
that was going an at Avro Manchester on the 707 series and
Vulcan. They were drooping the leading edge to increase the
buffet boundary by preventing leading edge breakaway at high
angles of attack. This also influenced the choosing of the i10%
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