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Sertember 1956.

To dete the C-105 hus bren tested from low specd tc dach numbers
of just over 2, covering the design sreed range. Fecilities used
were, in general, w.4.E. Ottawa for low speed tests, Cornell Aeronszuticel
Laboratories, Buffslo for transcnic, sand N.A.C.A., Langley for super-
sonic., Models were of .03 scele or lurger except for check tests mede
on smeller models &t N.A.E. Consideracle development work has also
been done, mainly &t Cornell.

This rerort discusses briefly the wind tunrel tests completéd
on full models of the CF-105 with intekes tests inecluded as Arrendix I.
More deteiled individuel summaries of full model tests appesr in
Arpendix II, while Arrendix III covers all tests, both completed and
prerosed,

The first tests were run ir Septemher 1953, at Cornell on a .03
scele model over a Mach renge of .5 to 1,23, This wss a comparatively
short rrogram of some 215 rurs constituting a rreliminary creck on
Jorgitudinal stebi’ity and control tec prove the “esign and to provide
besic eerodvnamic datz. ™wo wincs were tested, one having a conven~
tional 3% thick svmmetricel secticn, cn which control investigations
were carried out, and the other with .75% nepative camber. Negative
cember had been ghnwn thecretically to have a considerable sdvartage
over zero camber in reducing up elevator arpgles to trim and, therefcre,
dreg, hut there was scme evidence tc show th:t the positive CM,
intrcduced might exhibit some unaccertably large variations at
transonic sreeds. The tests lLowever showed thet negative cember was
both feasible and desir.ble, end elso thet the aircrauft had adequate
longitudinal stebility and control.

The next series of tests, ugain «t Cornell, were made in April
1954, The same .03 model was used with minor changes, namely an
increwse in wing thickness from 3% to 3 1/2%, the incorporation of
elevator and silerons on the cambered wing, and the replacement of
the criginel intake shock plates with shock ramps. A complete program
of longitudinul, lateral and directional stability and control investi=-

getions were carried out.



In addition, a pressure survey of 20 taps in the fuselage was
made and dafa obtained on fin and fuselage speed brakes and the
effect of the belly tank. Again the Mach range was .5 to 1.23 and
the tests covered som8 450 runs. ,

From this series the fuselage brakes were found to be superior
to the fin mounted brakes, having better braking action and produce-
ing less undesirable side effects, and valuable control information
was obtained. The results generally were gratifying with the
exception of directional stability. This proved to be unsatisfac-
torily low and to be peculiarly non-linear.

The third series of tests, in June 1954, was aimed primarily
into finding the reasons for the poor directional stability. Faired
ducts, a dorsal fin, the removal and modifcation of the canopy and
the effects of sealed control surface gaps were all tried with no
significant improvement being gained. In addition a 12 tube rake ,
survey of internal static and dynamic pressures was made in the ducts
to determine the model mass flow and aid in the correction of drag
estimates. This series covered 252 runs.

Meanwhile directional stability was raised to an acceptable level
by increasing the vertical tail area by 15%. The non-linearity still
persisted and since the tests above had failed to find the cause it
was more or less accepted as inherent in the design.

The next tests, at Cormell in July 1954, were run in the 10t'X12t
subsonic section at a Mach number of .5 only. This was mainly an
investigation into stability and control at high angles of attack (up
to 400), Previous tests had shown that a moderate amount of pitch up
occurred at a Cp, of .7 and in an attempt to improve this, several
notches were tried in the wing leading edge at the transport joint.
An optimum configuration was first found and used in subsequent runs.
The effect of these notches on lateral and directional was then
checked. At the same time a high Reynclds number run in yaw was made
in an unsuccessful final attempt to find if Reynolds number was causing
the non-linear directiocnal stability. These tests showed no adverse
characteristics at high angles of attack and resulted in a notch con-
figuration which delayed the onset of pitch up to higher values of Cj.
74 runs were made.

At about this time information came to light that significant
improvements in pitch up characteristics had been obtained on test
models by extending the outboard wing leading edge. Informatiocn was
meagre and the large variety of possible combinations of extensions
and notches made the determination of an optimum configuration for the
C~105 difficult. This was the main purpose of the fifth series of
tests at Cornell in COctober 1954. At low speed a variety of notches
and extensions were tested and an optimum established. Most of the
remainder of the test was devoted to checking this configuration through
the Mach range of -5 to l.23.. During this period one aileron deflected
runs were made, with increased balance sensitivity, to determine aileron
CeP.; this had been attempted in an earlier series but without conclu-
sive results,



Several more high Reynolds number runs were also made in yaw to check
the effect of a new longer nose on directicnal stability. This series
(216 runs) established 2z new wing plan form, with a 10% outboard
leading edge extension plus a 5% transport joint notch, which was
effective in improving pitch up.

Next followed a series of armament tests. Since these required
instrumented missiles a larger scale model was necessary and was
built to ,04 scale. The first phase of this series was begun in
March 1955 and consisted of an investigaticn into forces cn Sparrow
and Falcon missiles in up, half down and launch positions, together
with the collection of data on armament bay pressures and door hinge
moments. These tests were made at Mach numbers of .95 and 1,20 only
and covered 64 runs. The second phase of 46 runs, was a study of the
effects of the missiles on the aircraft. The missiles were again in
the up, half down and launch positions and force data was taken on
the aircraft to evaluate the effects of lowering the missiles in
flight,

The third phase (30 runs) was made to check the correlation between
the 03 and .04 scale models. Stability and hinge moment data were
obtained over the Mach range. During this test an attempt was made to
find values of the rather elusive Cy buffet by reading pressures from
two pressure taps on the upper surface of the port aileron. These
showed a sudden increase in pressure at the angle of attack when separ-
ation occurred, and gave an indication of the onset of buffet,

A second series of armament tests began in April 1955. These were
to determine missile characteristics for trajectory purposes. Both
Falcons and Sparrows were tested at four longitudinal positions along
the fuselage, at edch of which the missiles were rotated through small
angles of pitch and yaw. Small strain gauges mounted inside the missiles
were used to measure the forces at Mach numbers of 95 and 1.20. The
program took 110 runs.

Early in 1955 it was thought possible that the incorporation of
leading edge droop could materially improve the drag due to 1lift. As in
the case of notches and extensions a large number of configurations were
possible. There were indications that the results would be sensitive to
small changes in droop angle and to the combination and extent of droop
inboard and outboard of the transport joint. From N.A.C.A. reports it
appeared that inboard drcop was very beneficial but should be confined
to a smaller fraction of the chord than the outboard. The plan form of
the extent of the drooped leading edge was decided and a program initia-
ted to test the effects of all possible combinations of four cutboard
and two inboard droop angles. This program was started in May 1955.
First the optimum configuration was chosen and once this was done a
complete stability and control check was made over the Mach range,

This rather lengthy program (412 runs) had the desired result of reduc-
ing drag due to lift and led to revised stability and control data., <
One rather fortuitous effect was a considerable improvement in the

previously non-linear directional stability. This was frobably caused
by improvement of the flow originating at the wing-nacelle junction due

to the new inboard droop.



No further testing has been dune at Cornell although future tests
scheduled are a repeat of Sparrow trajectory tests (because of a change
in armament configuration) and an investigation of canopy hinge moments.

’

In November 1955 an extensive low speed series of tests were started
in the No. 3, 3' x 10' tunnel at N.A.E. These tests continued in May
1956 and the program was completed in August 1956. Altogether 181 runs
were made and covered longitudinal, lateral and directional stability and
cont®ol, and investigated the effects of ground board, tank, dive brakes,
undercarriage, open canopy, Reynolds No., and control interference. Instru-
mentation consisted of a six component main balance only.

Meanwhile to obtain supersonic dgta two models were tested in N.A.F.'s
16" x 30" high speed tunnel. The first was a .02 scale reflection plane
model and was tested in February 1356. 177 runs were made at Mach numbers
up to 2,03 to obtain basic longitudinal stability and control data and
duct pressure measurements. Results did not agree very well with Cornell
data in the range of 1.02 - 1.23 .+ This has since been thought due to
the fact that a half model was used; correlation of reflection plane and
full model tests at N.A.C.A. have also shown poor agreement. ‘ i

The. second model, of ,0125 scale, was a full model, and sting mounted.
This was tested in May and August 1956 and gave supersonic longitudinal
lateral and directional stability and control data. The Mach range was
1.35 to 2,03 and the tests covered 177 runs,

To obtain superscnic data on a fairly large scale model, tests were
proposed at R.A.E. Bedford, and a new .03 scale model was built by Cornell.
Arrangements could not be finalized but an alternative facility becanme
~available in the 4' x 4' supersonic tunnel at N.A.C.A. Langley. 16 runs
were made there in April 1956 at a Mach number of l.41 giving longitudinal
lateral and directional stability and control data, These tests were later
extended to Mach numbers of 1.6, 1.8 and 2,0 by testing in the 4' x 4!
Unitary tunnel at Langley in July 1956 in a series of 97 runs,
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Intakce Tests, HACA Lewls Latoratory, Dee, 57, Jan. 56,
]

Introduction

The intake tcsts were programred in order Lo confirm the performan: e
predicticn for a fixed geometry si¥ic-intake system with two=dimensional
12° compression ramps with resp-ct to optimum thrust less tctal drag. A
second Jdesign conslderation was *that tre alrcraft must reach M = 2.0 with
inlet flow stability over the full range of inl.t mass flows.

Considerati ns of high tctal p.essu ‘e recovery over such a #ide buzz
raige, at least cost in ramp tleed drag, required that some portion of the
fuselugze,ramp, and Jiuct boun.ary layer be remove:, The optimization of
the bleed sy .tems coulu only be secired by high Reynoluis Humber test at
the correct flight Mach Number, angle of a'-ack, and angle of yaw.

Cougled with this were the quantitative effects of the interaction and

possiile separation of the ra7p boundary layer by the inlet stock system.

The tests huve be:n published in report HACARM E56J71by Research
Scientist J,".. Ailen,

Description of Tun- el )

The facility useu is an 8 x 6 fout sunersonie, continucus operation,
non=return wind tun-el with a remotely contrclled Mach No, range of from
2.1 to a lower limit deturmined by nodel blocking and shock reflection,
For the tes! alrcraft this lower limit was approximateiy M 1.45,

A stin; mounted model has remote-control.ed sngles of at-ack capable
of +20° to -5%, or angle of yaw when -he model is rolled, imited by
mcdel blockage and strength., Por thg test aircraft wodel the angles were
limited to the range 49 LQO to =2 K27,

The nominal Reynol .is lumber for the tunrnel is 5,7 miliicn per foot.

Continucus view Schlieren apoaratus, high speed cameras,as well as
flow pressure and temperature instrumentation 1s available,

Descri tion of lousl

The 1/t scale model simulated the full scale aircraft configuration
as far rearward as the compressor face, In inciuaed -he fusel-age, canopy,
irlet uuet, an: the three tleeds - fusclage boundary layer, ramp bounuary
layer, and duct boundary layer - whose geometry c.uld be altered over a
suitably wide r-nze. Two fuselsge boundary layer, 21 ramp boundary lay-r,
and 5 duct beundary layer configurations were tested.

The .esign a-ss flows were metred by movable plugs aft of the compressor

face for the main duct and all bleeus.

A dynamic pressure picrup (transducer) was located in the duct to
iniicate static pressure fluctuations, (buz-).



~SEERER \,

Deseriotion of .lodel (Continued)
’

The ar-a=-w_ighted mean total prensure recovery and iistortion were
measured by 36 pitots and 12 statics at “he compres=or face. 27 pitots
and & statics were alternitely placed at the inlet lip to give the aieca-
wuighted mean total pressu-e recovery to duct station zero, 16 pitots
were alternately placed at the subsonic uiffuser exit to indicate the
duct internal area -weigh®ed mean: ‘otal pressure loss, Two we.dge
survey rakes , each with 22 totals and 8 statics, were alternutely
placed just upstream of the inlet ramp to measure the flow uistcrtion

in beth pitch and yaw'plancs prior to the shocx structure,

Summary of Operating Sta-istics

Duration of Tests Dec. 12/55 to Jan. 5/56
Hights ruaning 15

Occupancy 116 hours

funning time, all uscrful

data 92 hiurs

Confi, urations tested 37

Data prints obtained 1233
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September_ 1253

PURFOSE

A’ MY N\ a?
CONFIGURETION

INSTRUMEITATICN

CONTRCL DEFLEXIONS

MiCH, RANGE

.‘/‘.E;:i l lQ‘ {_2 /*

FLOILITY

~-105 WIND TUNNEL TESTS AT C.A.L.

Reference No. WL 780-002
Reference No., 44 891=inl

3t X 4" Transonic tunnel.

Longitudinsl stability end control investigations
inecluding the affects of camber. High { runs made
at ¥ = ,50. 411 rumns horizontal.

Bl Cl Wl Wz Vl P5

& Componsnt main balance.
Hinge moment balance (Left Elevator)
Internal static pressure tap in balance chamber,

-

Flayator 10, 0, -5, =10, <20, =30,
Aileron None
Rudder Yone

.50 to 1.23 (R.N. 1.23 0 1.34 X 106).

1. to 215.

SERIES II

Reference No. WA 808-003
Reference No. &4 G07-Hl

3' X 4' Transonic tunnel.



Pressure and foreas data *ests for leterel and
diractionsl stapility and contrsl and the

e”“ects of ineroasing wing thickners to 33 %, =
First rhase consis*2d of pressure deta tests

only with the model horizontal. Force data

tests were mainly run in the horizontal posi-

tion but apperent anomalies in yaw results

led to a seriss of runs with the model rolled

90° and also th- removal of duct pressure.

tubes.

Eff=cts of fuselurs tank and fi» and fuselare
brakes were also investigsted. &ileron c.p.

runs weras carried out with the ri-ht aileron

only deflected.

CCNFIGURATICN

82’ C2, NB’ Vz’ Rs’ SB, :)82’ Tc

ar

NSTRULENTATION

6 Component main balance.

2 Component tail balance.

4 Hinge moment balances

20 External static prassure tavs.

1 Internsal static pressure tap in balance chamber.

Elevator 10, ¢, =5,-10, =20, -130.
sileron C, =5,-17, =15, =2C,
Rudder o, 5, 10, 20.
Puiselage Brakes o, 20, 40, 6&C.

Fin Brakes 100,

.50 to 1.23 (R.¥. 1.23 to 1.84 X 106).
RUNS
216 to 668,
SERIZS III
June 165/ 4 Reference No. W& 808-013
Reference Yo. 2& 907-#2
FACILITY .s.

2t X 4' Trangonice tunnel



PURPOSE Mainly an investigation into directional stability,
Paired ducts,a ds-sal fin and the removal and mod-
ification of the canopy were tried in an attempt t»o
gain improvement.’ Some runs were made with control
gaps sealed t»o investlgsate the effect on drag and
tail efficiency. Model run vertically and horizontally.

CONFIGURATION

' ~
Bp* ¢ G #; V, Ry DFp S
% N.B. B, here has cleaned up ducts an? a smaller
balance shielding can.

INSTRUMENTATION

6 Component main balance

3 Component tail balance 3

2 Hinge moment balances (Elevator and rudder) )

12 Tube rake for measuring statie and total pressures
in the ducts.

1 Internal static pressure tap in balance chamber.

Elevator JNone
addleron None
Rudder - 5’ O, 5, lo’ 20’ 30.

MACH, RANGE

.50 to 1.23 (R.N. 1.23 to 1.84 X 10°).
RUNS
669 to 921.
SERIES IV
July 1954 Reference No. 1VA 808-023

10' X 12! variable denslty tunmsl.
PURFQOS

Low speed tests to investigate the effect of
notching the wing leading edge, and the effect
of high angles of attack (40°) on stability and

control,



PURPQSE (Cont'd)

CONFIGURATION

INSTROUMENTATION

CONTROL DEFLEXIONS

S

MACH, RANGE

October 1954

FLCILITY

Majority of runs were in the horizontal position
but a few were made verticslly to check the
effect ~f notches on lateral and directional
stability. Cnehich Reynold's No. rur was made
vertically.

B, B; O,

6 Componsnt main balance.

3 Component, tail balance

3 Hinge moment bulancas

1 Internsl static pressure tap in balance chamber.

Elevator 10, 0, -5, =10, =20, =30.
Aileron o, =5, =10, <15, =20.
Rudder -5, 0, 5, 10, 20, 30.
Fusel:-ge Brakes 60,

.50 only ( R.¥. 1.23 or 6.22 X 106 )

922-996

Reference No. WA 808033,

2t X 4' Transonic tunnel =nd 10! X 12' Variable
density tunnel.

To investigate the effects of various combinations
of notches and leading edge extensions on longitu-
dinal stability, particularly at low speed and high
angles of attack,in an sttempt to find an optimum

configsuration. This configuration was then tested
horizontally over the Mach range for longitudinal



PURIOSE (Cont'd)

GONFIGURETION

NSTRUMENTATION

CONTRCL DEFLEXIONS

MACH, RINGE

stability and control charactaristics. Tests were

also made with one aileron daflect=d and increased =T
balance sensitivity ,to find aileron c.p. Vertical -
runs were made to chezy the new confilguration dir-

ectionally snd a small investigation made with

" different plan forms at high subsonic speeds.

Finally several verticual runs were made at high
Reynolds No.

By B, G2 Wy Wy iy Wy V, R, OT,

Notches (1‘{.1 Series) 5, 4.5, 7.5, 8. ‘.

(NB Series) 7.5, 2, 2.5, 9.

Component main balance.

Component tail balance.

Hinge mcment balsnces

Static pressure tap in balance chamber.

Lo W O

Elevator 10, 0, -5, -10, =20, =30,
[dleron 0, =5, =15, =20 Rizht Only)
Rudder Ncne.

6

.50 0 1.23 (R.N. 1.23 o 1.84 X 10° and 5.76 X 108 ),

997 to 1192 In 31 X 4! tunnel.
1192 to 1213 In 1C' X 12'tunnel,



March 1955

PERID I PHASE I éieka

404 _SCALE

Reference Nos WA 844,003~
d Reference No: AA-958-W1

31 X 4' Transonic tumnel

An investigation into forces on Sparrow and Falecon
missiles, armament bay pressures and bay door hinge
moments., Missiles were tested in the up half down
and fully down positions, and in the case of Falcons,
with various combinations of forward and aft missiles.
Runs were all made in the horizontal position with
zero yaw and at only 2 Mach numbers,

Adrcrafts Bs C5 W, Ng V5 Ry

Missiless 4]1,42,A3,8 - FU,S8 - HD,S - D,
Fp -¥u,fp - HD, Fr - FD, Fa - FU,
Fy - up,Fa - PD.

1. Sparrows: Two 4 component missile balances
3 door hinge moment balances
1/, pressure taps in armament bay

2. Falcona:s Four 4 component missile balances
(only two used at any given time)
8 door hinge moment balances
18 pressuras taps in armament bay

In sddition: 2 upper port aileron pressure taps
1l internal static pressure tap in

balance chamber,
2 component main balance (For normal force)

None - no provision made.

995 and 1'20 Only.

1l to 52



PERID I DPHASE IT

March 1955 Reference No, WA 844.663
Reference No, AA-958-71

FACILITY
3" X 4A' Transonic tunnel

FURPOSE
A study of the effect of missiles on the aircraft,
Force data were taken on the airoraft with Sparrow
and Falcon missiles in the positions tested in phase V

. with grmament bay doors open and closed. Two basic
runs were included without missiles, with doors closed
and holes plugged. All runs were made over the
rangs with zero yaw at only 2 Mach numbers.
ONF IG 0
4
Aircraft: Bs 03 Wy Ng Vj R,
Missiless Aj,A7,Aq,5-FU, S-HD, S«FD,
Fp-Fy, Fp-HD,FP-FD,Fa-FU,
Fa=-HD , FA-FD.

ANSTRUMENTATION
6 component main balance
2 upper port aileron pressure taps
1 internal static pressure tap in balance chamber

0 L DEFL

None = no provision made

MA A
.95 and 1,20

RUNS

64 to 179



March 195%

FACILITY

PURPOSE

CONFIGURAT ION

INSTRUMENT AT ION

CONTROL DEFLEXIONS

MACH RANGE

RUNS

_cper®?

PERIOD I PHASE III

.04 SCALE
’

Reference No: WA 844-003
Reference No: AA 953-Wl

3' X L' Transonic tunnel

Force data over the Mach range in both pitch and yaw
to correlate with ,03 tests,

6 Component main balance

3 Component tail balance

1 Hinge moment balance (8e)

2 Wing pressure taps (port aileron)

2 Vertical tail total pressure taps

5 Fuselage pressure taps

1 Internal static pressure tap in balance chamber

None

110 to 140



RID II ’W

April 1955 Ref’ranco N°3 8“. 003 e
Reference No: AA=953-W1

FAGILITY
3' X 4" Transonic tunnel.

Force data tests on Sparrow and Falcon missiles for
trajectory purposes. Sparrows were tested in 4
longitudinal stations under the fuselage and the
‘Palcons in 5, At each position missiles wers rota-
ted to a positive and negative O and a positive and
negative P in addition to zero (giving 5 positions
per station). All runs were made with the model
horizontal through the aircraft O range. Two mach
numbers only were tested,

T

Adrcrafts BS 63 !6 Né V3 R‘

Missiless arrows at stations 1 to 4 with
a=0, +1 1; B° =0, +1, £ - 1. Falecons at
atmonaltoswmc(°-o+11/2,-11/2;
g =0, +11/2, -11/2,

Two 4 component Sparrow balances

Four 2 component Falcon balances

2 component main balance

1l static pressure tap in balance chamber

None - no provision made

95 and 1,20 only
RUNS 141 to 251



PERICD III

204 SCALE

May 1955 : ’ Reference No: WA=8344=03
Reference No: AA=-958-¥W1

FACILITY
3' . X 4! Transonic tunnel
12* X 12' Variable density tunnel
PURPOSE
To investigate effects of leading edge droop and to find
the optimum configuration, With this,longitudinal,
directional and lateral stability and control runs were
made over the Mach range, Further data were obtained at
high Reynolds No., and high (in the 10' x 12' gection at
M=,5 %
CONFIGURATION
(04) B V] W1 Eg E10 N5 Do Do-8 Do-12 D3-4 D3-8 D312
INSTRUMENT AT ION
6 Component main balance
3 Component tail balance
3 Hinge moment balances
2 Pressure taps in port wing (aileron)
. 2 Vertical tail total pressure heads
" 5 Static pressure taps in fuselage
1 Static pressure tap in balance chamber
DEFLEXIONS
Elevator: =30 =20 =10 =5 O 410
Aileron : =22 =15 =10 -5 0 + 5
Rudder : = 5 0 + 5 +10 +20 +30
MACH RANGE
30 X 4' = .57 to 1.23 (R.No. 1.49 to 2.22 x 102)
10' X 12' = ,50 (ReNo, 4,29 and 7,80 x107)
RUN
3" X 4' = 252 to 626

10t X 12' = 627 to 663
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c.t.L. wIND TUNNEL T3STS

CONFIGUR.TION SYVBCLS

Symbol Degeriftic: Reference: F/MODELS/6
BODY ‘ Amendment No,

Bl Original body including duets. 0

B, By with modifi=d ducts 1

83 By with modified rounded nose 3

: (10" longer)
By, B> with longer nose of similar 4
shape (5" longer).

55 Redesigned body

Cy Original canopy -

C, C,{ in new position =

C3 New larger cancpy 2

Wiy 3% uncambered wing with elsvators -

i 3% cambered wing - no controls -

A3 3% cambered wing with controls h !

W, WB plus 6% notch (& series) 3

Ws WB plus 3 % notch (A series) 3

Wy, Wy plus 10% notch (& geries) 3

oy Wy plus 5 Z L.E. extension 4

3 ’ Wy plus 8 % L.E. ertension IA

W, %, plus 10% L.E. extension 4

H.B. Notehes on #y ¥y and ﬁg agre indicated by N followed by the subseript

A or B, denoting\series, followed by the notch depth in percent. Notches
tested ares- 3

Nesy Nag,5,  Hi7.5, N:g, 'B7.5, NB3, NB2.5, NBg.



Reference P/MODELS(6

mbo Degeription Amendment No.
: 5
V1 Original one=pieca fin and rudder -
V2 Fin with separste rudder - mounted
on a 3 conponent balance. 18
Vs Similar to V, but area increased 15%
MISCELLANECUS
PS Sh~ek FPlates., ' -
R, Shock Ramp B
Tl Fuselage Tank 1
Sgl Fuselage Brakes . " |
Sg., Fin Brakes 1
P2
Fp Faired Ducts e

5 Sealed Gaps N/A-



N.B.

BODY

WING

WIND TUNNEL TEST CONFIGT ION

SHMBOLS,

’

This second series of symbols have been in use since
May 1955. _

B; Similar to B5 of first series symbols but with

area rule applied to armament bay.

Bz Similar to B1 but with area ruleon aft nacelles

(J 75 rear end).

B. with 30° nose cone.

3 "2

W] 3 1/2% cambered wing (corresponding to Wy of first
series).

E Extended leading edge outboard of transport joint
(subseript denotes % extension).

N Transport joint notch (subscript denotes % depth)
D Leading edge droop (subscript denotes angular droop

in degrees; the first figure for inboard, followed
by outboard).



cEeRER

T TA
Vl Fin with separate rudder (V3 of first series)
[ ]
ELLANEQ
IF Faired intakes
3] Undercarriage down (Ul represents nose undercarriage

reversed).
C Open canopy. Closed canopy included in body symbols,
T Belly tank.

Speed brakes.

TUNNEL CONFIGURATIONS
(Applicable only to N.A.E. No. 3 tunnel)

U Model upright on 3 point suspension.

UD U plus dummy strutse.



TUNNEL CONFIGURATIONS (Continued)

4
I Model inverted on 3 point suspension
ID I plus dummy struts

B Single strut support

BTS B with addition of tail sting



C=105 WIND TUNNEL TESTS AT

N,A OTT.
297 SCALE
TEST PERIOD I
December 19595
FACILITY
<4
N.A.E. No. 3 low speed tunnel (6! x 10¢)

ZURPOSE

Low speed determination of elevator effectiveness
and the effect of ground board. Large proportion
of test period used to determine corrections to 3
point suspension,

CONFIGURATICN
Tunnel: U UD I ID B BTS, G/B at .3, «4, «7 b/2

INSTRUMENTATION
6 Component main balance only.

CONTROL DZFLECTIONS

Elevator: 10, 5, 2.5, 0, -2.5, =5, -10, -15,-20,-25,-30
Alleron : none .
’ Rudder : none

q =70 i.e. 235 ft/sec. (R.N. 3.1 x 106)

1 to 54



Feb

FACILITY

PURPOSE

CONFIGURATION

INSTRUMENTATION

ONTRO -FLEXTONS

MACH RANGE

16" x 30" Supersonic wind tunnel

To obtain basic longitudinal stability and eontrol
data, aileron 1lift effectiveness and hinge moments
of aileron and elevator together with a few aileron -
elevator interference runs. Pressure readings were
also taken in the duct to evaluate the mass flow.

By Vi Wy B N5 Dg_,,

3 Component main balance
2 Hinge moment balances
5 Mass flow pressure tube

Elevator: <30, -20, -10, -5, 0, 5, 10
Aileron : 20, -15, -10, -5, 0, 5, 10, 20
Rudder : now (reflection plane model)

055, 1402, 1.22, 1,35, 1.57, 1.78, 2,03

1 to 177



CONFIGURATION

NSTRUMENTATION

CONTROL D

MACH RANGE

TICN

=105 WIND TUNNEL T

N,AJC,A, LANGLEY

203 SCALE

L' x 4' Supersonic tunnel

Longitudinal, directional and lateral stability
and control investigation at high speed,
including effects of control interaction, faired
inlets, modified nose and fixed transition on
Wing.

BZ, BB' Vl. wl’ Elo' N5' DS-L&

6 Component main balance

3 Component vertical tail balance

3 Hinge moment balances

1 Balance chamber static pressure tap

Elevator : 0°, -5°, -10°, -30°
Aileron : 0°, +5°, +20° (right only)
Rudder : 0o, +10°, +20°

1.41 only (RN = 1.74 x 105)

1 to 16



’
TEST PERIOD I
May 193¢
we r‘TI Tﬂ
N.A.F. No, 3 1low speed tunnel (6' x 10')
PURPOSE
Continuation of low speed tests started in
December 1955. iffects of undercarriage with
and without ground board, and open canopy
investigated in yaw. Rudder effectiveness
completed with and without ground board, and
a portion of the aileron effectiveness program
I'uNe
CONFICURATICN

Tunnel: U : G/B at 465 b/2

INSTRUMENTATION

6 Component main balance only
CONTROL DFFLECTION

Elevator: =10, O

Aileron : 10, O :
Rudder : - 6,-4,-2,0,2,4,6,10,15,20,30
SPEED RAN
q =70 i.e. 235 ft/sece (R.N. 3.1 x 10%)
and q = 115 i.e. 301 ft/sec. (R.N. 4.0 x 105)
»
RUNS

55 to 123



EACILITY

PURPOSE

CONFIGURATION

INSTRUMENTATION

CONTROJ, DEFLECTIONS

RUNS

NG

NoAgEe OTTAWA

16" x 30" supersonic wind tunnel

Supersonic longitudinal lateral and directional
stability and control tests.

By Vi Wy Ejg N5 Dg_y,

6 Component main balance
1l Base pressure total head pitot

Elevator: =30, -20, -10, <5, 0, 5, 10

Aileron : = 5, o, 5, 10, 15, 20 (both)
Aileron : 5, 10, 15, 20 (left only)
Rudder : = 4, -2, 0, 2, 4, 6, 8, 10, 15, 20

1.35, 1.47, 1,78, 2403 (R.N.

1 to 177



CONFIGURATION

INSTRUMENTATION

CONTROL, DFFLECTIONS

P NG

.

N,ALE !

- TEST PERIOD IIX

N.A.E, Noe. 3 low speed tumnel (6' x 10')

Continuation of low speed tests.

Aileron

effectiveness, the effect of ailleron in yaw,
rudder in yaw and control interference
investigated, together with the effect of
ground board on aileron effectiveness and
the effects of tank and dive brakes.

Model:

Tunnel: B, U:

G/B

33 Vl W1 Ej0 N5 Dg.y U T Sg
465, .700 b/2.

6 Component main balance only

(right only)

¥levator: =20, -10, O

Aileron : =20, -15, =10, =5, =2, O, 2, 5, 10 (both)
Aileron : -20, -15, =10, -5, 5, 10

Rudder 0, 15, 20, 30.

£
o

70 1i.e. 235 ft/sec.
115 i.e. 301 ft/sec.

124 to 181

(R.N. 3.1 x 10
(R.N. 4.0 x 10

6
6

)
)



NoA.CoA NG

293 SCALE
July 1956
FACILITY
4t x 4% Unitary tunnel
PURPOSE
Longitudinal, directional and lateral stability
and control investigation at high speed including
effects of control interaction, faired inlets and
removing leading edge droop. &
ONFIG ION ;
STRUMENTATIO

6 Component main balance

3 Compcnent vertical tail balance

3 Hinge moment balances

1 Exit total head pitot

2 Vertiecal tail pitot heads

Base and chamber static pressure taps

CONTROL D .CTION

Elevator: 30, -20, -10, -5, 0, 10
Aileron : -5, 0, 5, 10, 20 (right only)
Rudder : 0, 5, 10, 20

1.6, 1.8 and 2.0 (R.N. 2.68, 2.50, and 2.31 xloé)

1 to 97
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- Yodel Secale and Type

Model Desigmed & Completion Date

-105

I XD

TUHR

N

%L F

B

A M

Purpose of Test

)

4,/100 Complete Model
Sting Mounted

3/100 Complete Model
Sting Mounted

1/8

\

Reflection

Plane ¥ing

Reflection

Plane

174
Ving

Yenufactured by

Cdrnell; Buffalo

Cornell, Buffalo

ot

KAZS, Ottaws

Avro

of Model

Sept./53
Complete

Mar./55

Completa

dan/55

e Va
Mer./55
Complete

Sﬂbsoniclénd Transonic
3 Ax1s Stability and
Control.

Trancsonic Arrzment Tests

falcon &

Uparrow Missile

Long. & Direct. Stab. &
Control.

Sutsonic, Prelininary
Study of Icing Condi-
tisne on Long. & lat.
Cortrol.

Subsonic, More Advanced

study of Icing Conditions
with Notch & L.E.
Included.

sion

Ixten-

est Facilit

Cornell

Fra

10

Low

Cornell
ARk &

Transenic

AT, Ottaws

tx 5.7
‘Speed

NAE, Ottawe.

- 3% x LY Tranvenic .
10' x 12! Sultonic

10 x 5.7

Low Spes!

xc L Dute

.w?LCmﬂmh

“y
ApI‘ v/ 54¢

Stage 3 Conplete,

dune,/54.

stage 4 Comyl€te,

July/54.

tage 5 Conilete,
c‘.,)A

stage 1 Complete,

Stage 2 Complete,

Conmplete,

stage 4 Complete,

May,/55

Comzlete Jan./55

Droops M« 0.5 - 1.2,

Long. ltab., w"h & without M.N. C.5-1.2
Ca:mber, i = }"yli o 5 - la;’j P.ole 1,0 # ¢
Long. Jtob., lat.5tab.& Corftirely 1.71 x.10
Camber, t'c 3%, ¥ = 0.5 ~ 1.23 )
Long.. tat. Check, Direc. Steb.&|
Cortrel, lew loce, New (andpy,
M= 05 - 1.23.
hotch Irvest., Complete Test
with Optimum Notch, Low u;eed
High Angle of ittack, M = 0.5.

K. Q&5
Long. & Lirec. Stab., High R.NMER.E 5.‘5?10

New ﬁose, E. Ext. & NKoteh,

M=

Noteh Invect. at all Speedi, %,H’

(W
.
U
i
|._;:-.
A)

C St&br COu 1.,4.4.7"
icon 0.03 & 0.04 Scale ’
Models. M = 0.5 -~ 1.23. |
Tranconic Force Tests on Mig-

ciles, Armament Imy Precsures,
Bay Door Eiqge HMoments.
Iz = O Q5 - .&.
Transonic Tests for Missile|
Effect on A/C. M = 0.95 - 1,2
Trancsonic Force Tests on !is-
sile for Trajectory inclysis
Ma 0.95 -~ 1,2,
Long. Stab. Investigate L.E.

'

\\/~«~w--_,‘.,/

Complete Long. & Direc. Stab.
& Coritrol Tests with Optimu
Droop. ¥ = 0.5 - 1.2.

Investigation at High R.HN. & ¥.M. 0.5
High Angle of Attack. M = C.J5.1 R.N. 4.29
T80 3 1

N S . e

This test was an extension to
1AL decing research program. |
llodel was aprroximate only. |

|



Model-

Seale & Type

Model Designed & Completion Date

7/100

1/80
1/40
1/50
1/24,

1/A

3/100

Complete
Mode]

Complete.
Model Eting
Mounted

Fuselage
Intake

Reflection
Plane

Complets
Model

Fuselage
Intake

Complate
Yodel

Manufsctured

by  of Model

Avro & NAE

Avyro

Avro
NAE, Ottawa
RAT, Ottawa

Avro

Cornell,
Puffalo

Apr/55 Initial
Completion

Apr/55
Complete

Apr/55
Complete

301)'(-/55
Complete

June/55

Oct/55
_ Complete

Oct/55

CF=105 WIND

TUKNNELL PROGRAM

Purpose of Tests

Subsonic, Canopy & lMis-

.8iles Jettison, Ground

Effects

Supefsonic, Lateral &
Direc. Stability &
Control

Supersonic Study of Air-

flow through ths Intakes

Supeisonié, Long. Stab.
& Control. lat. Control

Subsonic, Spin Charac-
teristics, & Recovery

Supersonic, Study of
Airflow through Intakes

Supersonic, Directional -

Gtab. at High Angles of
Attack.

Test Facility

Test Date

~ NAE, Ottawa

10% x5,7,

Low‘Speed

NAE, Ottave
14" x 30"
Supersonic

| NAL, .Ottavk

10" x 100
Supersonic

NAE, Ottaws
14" x 30

- Supersonie

NAE, Ottaua

Spinning
Tunnel -

NACA, Cleve-
land -~ 8' x A
Supersonic
Lewi§ Lab.

NACA; Lanjley
Supersonic

Jan./54

Complete
Augxfﬁ‘

Complete

May/5h

_ Complete

1

rot

Finalized

Complete
Jan/54

Complete

Aug./564

Rcm&rks

Tests completed: Longitudinel
stability with % without ground
board - clesn aircraft. Latersl
& direc. stability with U C &
ground boerd, with belly tenk,
cpen canopy.Stability with

Canard Fin. Repeat tank dron tests.

In Progress: Pilot seut jettison
To be included later: Sparrow

Approxé
2 x 10

missile jettison (to be desigred({in :rogress)

and memufactured).

Testing re-commended in Jure &
continuing. Tests to be run at

}4 - 1.22’ 1-35’ 1o57’ 1.78‘, 2.0‘3-
Complete but largely incenclucive)
due to small mcdel scale. 1/A
scale model teste at Clevelund.
will supercede this work.
Testing completed at !f 2 1.22,
1035’ l,-57’ 1578’ 2-03

Model tested Dec/55 - Jan/54
M.N. 1.5 - 2.1 & 0.A3 subsonic

Testing complete in Apr/56 at

M= 1.4. Further tects in the
Unitary tunnel comrlete in Aug./5f
et M= 1.4, 1.4, 1.8 & 2.0.

0
]
o)
]
o
]
L
b
»

4 x 10°/f4.
(Model Nose
aprrox. 3%)

5-6 x 10°/ft
approx. ¥
full scale



LF=10%5 WIED FTUHNLEL PORED G ¢ A0
Model (cale and Tyve lodel Drsigmed & Conpletion Dite Purpoce of Test Test Facility Test Date
- denufzctured by of Yodel i
1/50 = Canopy Yodel Avro May/54 High Subsanic Rake Bt ey Complete
_ : Survey of Canopy & 10" x 10 June/ 54
h Yorsal Supersonie

1/10 Comp’ete ‘odel

Reflection Plape
(Size dependent
upon facility)

4/100 Fin Model

»

4/100 Complete Model

v

a

Full Size

3/100 Canopy lodel
' with Doreal &
Fose Fuselaoge

Duct Model P.5.13

CA/10.
Configur=stion

Dynamic Devices

Inc., Dayton

Avro

Cornell,
Buffalo

Phoenix
Engineering

Lvro

tvro

July/54

CF =105

hib, Ottawa
Toitae 5 ¢
Low Spead

Low Cpeed Flutter

Trensonic Flutter R

KA, Ottews

Supersonic Rudder Buzz
© 1M x 30

Supersonic
Spurrow missile trajec- Cornell
tori¢es. Canopy Hinge stz B
moment & Lffect of Canory transonic!

on Diree. Stability.

N.Ey Ottava

Supereonic functional
test of Vene developed 16" % 30"
v Phoenix for CF-105. Supersonic

VATER .TUNNRL - PROGHFAaM

1,5,_../r£
i kA
-/ s

10

\h

vy

NAL, Ottaws
Water Tunpel
984" % 13.11"

Vater Tunnel Test with
Visuel Flow Check on
Cznory/Dorse1l Combination

oy ODEL

T

GINE DUCT M

Apr/s5A

Flow and efficiency of Orends, nzines
duct system ‘including Test Cells

air bleed for a P.5.13 ¥

engine installation.

v /e
Nov/ 54

Oct/Xov/ 5%
Complete

Jan/57

Dec./56

~Complete

May/ 54

Complete
Lov./5¢

Fake surveye with originsl cgroepy und -
canony modifled in witer tunnel. M a2 0.71
& 0.88, ‘

}
Testing commernced &t N.1 in November.

Temporarily sucrended due to [feilure
of model. avro desiesning ¥odel Puepension.

Proposzl for transonic Flutter model from
Dynamic Devices Inc. uvee of Langley
24" transonic turnel under concsideretion.

3
vy
arc

Fin fran 4,100 Cornell fodel.
Yo huzz recorded.

|
\
!
) \
. i -
se originel 4/100 model. Hoped to
arrange test for early '57.

Vane stability, demping and response.
Testing in progrecs. ]

|
|
o

Tect to determine whether loss of fin
v flow

‘Canopy

efiectiveness might be ceused
breakaway eround the canopy.
modified for optimum flow.

|
!
ﬁ

Testing of original canfigur&ﬁion very
successful. In leptenbeer tesfing of
larger bellmouth and increase&
area continued. \

r

- T
pess



ictor, Onte - ; . A

i - E-X B I PRIT 'Ot
Cheet 4 of 5
GEP=-10% PRLIZ FLIGHT HBODBILL PROGRAM :
fodel Seale ard Type Completion Date Purpose of Test Test Fucility Estimated Test Dete Remerks
: of NModel E
1/8 2 Crude Models Dec./54 Creck Firing Technigue, CARDE Range, Dec./54 Complete Dec. 15/54.
Telemetering & Tracking. Picton, Ont.
1/8 1 Crude Mcdel Arr./55 Check Functioning of Yaw CARDI Range, Fay/55 Complete May 1/55.
: - ‘Impulec and A= g Vanes. Pictor, Ont. =
1/8 1 Drag lodel . Apr./55 . Telemetry System Cheek & C.RDE Renge, ey, 55 Corplete Fay 1/55.
g ?relininary Drag Check incl. P
h

Adlr Intakes &

Flow t
Duots.

. 7 ' > . § = ; ’ ~ ik 5 " /
1/8 1 Crude Hodegl . Rpr ./ 55 Re-Check Functiorning of . CARDE Rerge, cune/ 55 Complete June 15455.
; it ) + Yaw Impulse & =< - BVenes. Pieton, Ont. - .
/ Ly 5 i , 2 ; . i o ; ”
1/8 Drag Yodel Ext. L.E. Qot. 22/55 Check drag with two dif- Langler Field May/56 Complete May 7/5%.
Noteh & Droop, Area Conmrlete ferent air intakes & ducts. Tunge, Va,
Rule, 20° Cone Nose. : : -,
1/€ Drag Hodel, xt. L.E, Kov. 30/55 Check drag with iwo dif-. Langley Field Ty 5A Complete May 14/5A.
Noteh & Droop, Super Cormplete ferent air intaskes % ducts. Range, Va.

Area Rule, 30 Cone Kote.

Sent. /5
. ‘ e

\Jt
™
M
o]
G
&1
";
—
@
-
®

S, }0/54— Creck
Conrlete

2 Yaw Stability Models,
Ext. L.%. ‘Notch & Droop,
Args Rule, 30© Cone lose.

7 5 5 5 @ e Z i % ~ g & PR = ek
1/8 2 Long. Stability lodels = June/5A Check Lonpgitudinal CARBE Punge, Ixuected to fire end Decomber/54.
Elth Llevateors, Ext. L.Esy stabitity. Pieton, Ont. OV e 55 Prlltaed dye % .4 veather.

Yotch & Droop, Area Tule,
30° Cone Kose.
S
g
5 Iecue. 14 - Uee. 13704,



Model Scrle ard Tybe bl Date of

1/5 3% Fin with Portion
of ﬂ*ng

1/5.25 Front Fortion of Fuse-
lage with ilr.Ducts
u')d F\l@l ‘unks ¥

1/5.25 Regment of Tront:
FW&%?JN&WS

Centre Wing Portion with ’

w Fin, Front and Reep Fuse
lage Strucltire.

—
T
A
W
no
un
-

X

1/5.25 Complete Stry ctural
Hodel -of Alr crﬂft.~

v

- Totet. A1l the atove Mod@]f‘ were de

1/48 Complete Model Sheet
TR Medaty : :

Hodified 1/48 Hodel

1/18 Complete MFodel Cast

Aluminum.
178 Complete Model Sheet
Conper.

Full Scale Fin Mock-ur

Doresl Fulring Yock-up

Details unknown : Hot Finaliszed

Note: All the stove antenna models

in Compa
obtained by at

-
"3

"
i

ts on

S ®

Crecking Deflection
rison v‘th the FhevT

Crecking Deflec
Applied Unit L

Cﬂﬂc% z Defle

o

to Loade Li

Stres

Loadln*;f"

£
serWz”l cu“

3
o
]

¥ e
——

’JEL‘C’L

i
(]

hecking the Effect ¢f Stiffress of
Defleﬂt*on of Front Puseluye

tresses

fin.

E LR el

Flight lio

Low Frequency !

UHF &and L-

S Band Honwr Anternrc

mnufzctured by Sinelair

Padio Compuss

& Research.

i L

)
neg "‘&TC.“

Pesecarch.

}‘11‘11.() L.a} 1)

44

-
&
o
" S

FEOGRANME i
T i
BETIH T KE

Conplated

npleted

P
Ceompleted
ey re g
AUZe/ 52

In storage at M.R.C., under -ideal
conditione, pending decision.

2
> §

Susperded pending decision

Complete
Complete, Sept./5

Y /
Complate, Aug./55.

Ixtencive test peripd.






