


National Research Council Conseil national de recherches 
Canada Canada 

Canada Institute for 
Scientific and Technical 
Information 
J.H. Parkin Branch 

Institut canadien de 
l'information scientifique et 
technique 
Annexe J.H.Parkin 

Report No 

Has been: IZ3 Downgraded to: 

De-Classified 

By: (Name) 

B.J. Petzinger y 
Deputy Coordinator 
Access to Information and Privacy 

Signature 



The range of speeds and conditions for which the C 105 must be 
designed is so large thht adequate aerodynamic test data can only be secured 
by the use of a number of facilities, each one specially suited to cover a 
certain range. In many cases the data obtained from one- source can be arranged 
to overlap that secured from another source, thus providing a check on the 

results. 

In general, the aerodynamic data on which the G 1C5 design has been 
based is both excellent and copious, especially when compared with that used for 
the design of the C 100. Thus there are numerous"ACA test at a very large scale 
both at low and high speeds of wings whose thickness and planform resemble those 
proposed for the C 105 very closely. This does not in anyway lessen the need 
for large quantities of ad hoc data oi> points specific to the design in question. 
However, it is evident that tests using facilities which are not of very high 
calibre, and specially suited to the object in view, will not produce results 
which are of much value compared to what can be gleaned from the analysis of 
existing data. 

Due to the extremely large commitments involved in the overall program, 
it would be false economy to use anything but the best test facility for each 
particular job. Accordingly, it is appropriate to plan the program so that all 
the available facilities are used to the best advantage with due regard to the 
priority of the resulting data in the design program. 

With these things in wind, the logic of the program car. be developed. 
Since, as stated above, there is no point in testing generalised models, as this 
has already been done, the first thing is to develop external lines with due 
regard to the details of the internal structure and the processes involved in 
manufacture.. As the result of several months study, it is now possible to 
define suitable contours for further study. Having got to this point, it appears 
that there is great incentive to use a cambered airfoil, but there is no satis- 
factory data to base the design on. Accordingly it is expedient to resolve this 
problem by ad hoc testing. 

# 
The data required are a reliable and accurate estimate of the % of 

the aircraft in the transonic regime. To get these data a transonic tunnel is 
obviously required using very sensitive balances to detect very small quantities 
involved in CJJ . Also it is evident that tunnel corrections must either be 
known accurately or be zero to give the necessary quantitative flavor to the 
results. Fortunately these requirements can be met by.the model transonic throat 
at Cornell. The feature of this tunnel is that it functions by using porous walls 
with suction. This gives a uniform velocity field free from any shock reflections 
from the walls. Also the use of a sting mounting to position the model symmetri- 
cally with respect to the tunnel removes any other sources of anxiety over the 
corrections, which should be negligible. This situation is more felicitous than 
with the conventional NACA slotted throat where the corrections are open to ques- 
tion, especially with reflection plane models. Antoher feature of the Cornell 
set-up is that the balances are designed along with the model to give the maximum 
possible sensitivity. 

Correlation of data from this tunnel with that from other sources appears 
to be excellent, and even the effect of Reynolds number does not appear to be 

preponderant. 
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One of the main features of this program is that it can be done 
relatively quickly. From Kay 12 when authority to proceed was given* it 
should be possible to complete the design and construction of a model with 
two wings and special balances by the middle of August, so that it can be 
calibrated and ready for running by the first of September, The running 

time for the preliminary program required for the evaluation of camber will 
be about three days. The main qualitative results will be known as the runs 
progress, but it will take one month to fully analyse the data. 

From these results, it should be possible to determine by interpola- 

tion the proper amount of geometric camber. This then fixes the external lines 
and the rest of the program can be proceeded with, after making a new wing with 
the optimum camber. 

The next order of priority is to obtain the most reliable data on the 
principal aerodynamic coefficients throughout the high subsonic and supersonic 
regime. From a thorough study of NACA reports it appears that the most suitable 
technique for this purpose is to telemeter data from rocket propelled missiles. 
Since GARDE have set up range facilities suitable for this type of test and have 
developed the necessary knowhow on the electronic techniques-involved, it will 
certainly be advantageous to rely on their experience. 

The Reynolds number obtained in these tests is sufficiently large to 
remove all doubts on this score. Since the tests are done in free flight, there 
are no tunnel wall corrections to be applied. The only correction is a relatively 
small one for the basic drag of the rocket motor. This is unimportant for sta- 
bility tests. Besides giving the most accurate source of steady state.,dérivâtes, 
it is the only source of damping dérivâtes. 

Since this is a new technique, the effort required to design and manu- 

facture the models including instrumentation is very large. Hence it is necess- 
ary to start preliminary work at an early date in order to get answers in time to 
be of value for design. 

Because the models are expendible, at least three will have to be con- 

structed to ensure that a complete set of data can be secured, kore models woulo 
be desirable so that additional though non-essential data can be obtained by 
extra firings. This program is a very major one as far as model making facilities 
are concerned. Although it exceeds anything of the kind so far attempted at Avro 
by a considerable margin, it is felt that this is the only place to make the ' . 
due to the necessity for very close technical liaison with the model shop through- 
out* It will, of course, be necessary to obtain considerable assistance ana u - 
vice from CARDE on the telemetering package. There is no doubt that a program of 
this magnitude will fully occupy the model making facilities at Avro during .he 
period when it is essential that models for the tunnel programs be also unuer con- 
struction. Hence arrangements must be made to make tne tunnel mouels else*.,ere. 

A i/20 scale sting mounted model for the Cornell tunnel provides tne mm 



Longitudinal data of high quality can also be obtained - with this model • 
at all subsonic Mach numbers and at M « 1.2 by the use of a special liner. At 
the lower speeds the tunnel can be pressurized up to 2\ atmcs, to give relatively 
high Reynolds numbers. 

At the N.A.E., the most useful tunnel for this program is the 16" x 30" 
intermittent supersonic tunnel. This however can be arranged to operate in any 
speed range. It is best suited to a relection plan© model. Its range of opera- 
tion is thus such that it can give data which overlaps that from both models in 
the Cornell tunnel and the free flight model. This should provide both a useful 
and valuable check on the continuity of the data. However it cannot be used to 
supplant the other models, since each in its own sphere provides superior data, 
some of which cannot be obtained in this tunnel due to restrictions involved in 
the mounting method. Of the N.A.E, models, the models for this tunnel should 
receive the highest priority, and should be started immediately after the opti- 
mum camber is found for the wing. 

Tests on the intake at several supersonic Mach numbers are very desir- 
able. While pressure recovery data is useful, the most important deductions can 
be secured from an examination of ScHlieren or other types of pictures of the 

shocks. This requirement restricts one to the N.A.E. 10" x 10" supersonic tunnel. 
To get a reasonably sized model, it would be necessary to use a partial reflection 
plane model. However, the problem of the boundary layer and Reynolds number is 
such as to render a test in this tunnel virtually meaningless. A detailed dis- 
cussion with the N.A.E. on how to overcome the difficulites did not result in any 
improvement in the picture. Accordingly it is felt that although' results from 
these tests should be accepted with the utmost reserve in view of the unrelia- 
bility of some NACA data done at a similar scale, they are probably better than 
nothing. Accordingly a model should be constructed and tests proceeded with at 
low priority. 

Low speed tests can be done in, the N.A.E. No. 3 tunnel. These will 

overlap some of those done in the Cornell pressurized tunnel. However there are 
several miscellaneous tests which it is much more economical to do in this tunnel. 
The most important program of this kind are test with undercarriage down, and 

with and without a ground board. Also some work may be necessary on the streaming 
of a tail parachute. This program depends on work on this subject being carried out 
at Manchester. It -may also be necessary to study the jettisoning of missiles and 
such things. For these purposes, the normal three point support system is indi- 
cated rather than a reflection plane. Although this later system would provide a 
higher Reynolds number, it -would not be enough higher than that achieved in Cornell 
to warrant making a special model in view of the very limited scope of the tests 
that could be undertaken. 

In general, data from the Avro 707 series and from the very large NACA 
tunnels seems adequate to ensure the basic soundness of the design from the low 

speed point of viow. Accordingly this program to supply certain detailed infor- 
mation should not be regarded as of the highest priority, but should take its 
place after the high speed programs. 

Tests «in a spinning tunnel are mandatory for a fighter aircraft. Accor'- 
ingly these tests will be undertaken in the N.A.E. spinning tunnel which is one of 
th© best of its kind. Since no great apprehension is felt as to the success of 
this program, the priority need not be high. 



It is assumed that all models to be tested at N.A.E, would have to be 

made in their shops, since the Avro facilities will be fully occupied in making 
free flight models and the full scale mock-ups which are also required for the 

overall program. 

It is accordingly felt that the program outlined above and of which 
details are given in the the Appendices represents an adequate and balanced 
program using all the available facilities to the best advantage. 
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APPENDIX B 

'PROPOSED ihOGRAMMS FOP. C-lQt 

AIXD TUNNEL T'-'SÎI’vS '.T QCrNELL AP5C. UB. 

Trans.•anjç Sind Tunnel V x 4' 

(a) Preliminary Test 

Purposes. (1) To determine basic longitudinal stability and 
control characteristics» 

(2) To determine the effect of camber on the control. 

Model: .03 Scale Sting Model 
(1) Uncambered wing 
(2) Cambered wing (camber is so chosen as to bracket 

. expected design requirement). 

Test : (l) Uncambered wing .. . v 

Mach number: .5, .7, .8, .85, .9, .92, .95, .98, 
1.00, 1.05, 1.10, 1.15, 1.20, 1.25 ( 

Elevator deflections : +10°, 0 , -5°, -10°, -20°, 
-30°, (6) ^ 

(2) Cambered wing 
Mach number: As above 
Elevator deflections: 0 

At M ■= .5 it is required to reach the stall which 
will call for an angle of attack of about 30°. 

Instrumentation: 

(1) Force data giving CL, C%, Cp, Op 
1 e o 

(2) 'Pressure data (if possible) only on 5 = 0 runs. 

Number of orifices : 9 

(b) Final Test 

Purpose: To determine complete stability and control character- 
- istics about the 3 axes. 

Model: .03 Scale sting model cambered wing. 
The amount of camber will be chosen in view of the 
knowledge derived from data of the preliminary test (a) 

Test: (l) Longitudinal Stability and Control 

Mach number: 

6 : 
0 

.5, .7, .2, .05, .9, .92, .95, .98, 
1.05, 1.1C, 1.15, 1.20,1.25 (14) 
0, 2, 5, 10, -2, -5, -10, -15, -20, 

-30 (13) 

.4) 

% 

..oc, 

■25, 



(2) lateral Control 

M ~ As above 
6a = 2, 5, 10, -2, -5, "10, -15, -20 (8) 

ft** - 
(3) Directional Stability and Control 

M = As above 

y= 2, 4, 6, 8, 10, -4, -8 

Pin and rudder on and off 

Dive Brakes 

(W 

20 - 20, 40 - 40, 60 - 60 (L - U) 

M = .9, .95, .98, 1.0, 1.05, 1.10, 1.20 

Instrumentations 

(1) Six component main balance; L, D, Y, M, N,£/. 

(2) Two component fin balances Yp, Np, 

(3) Hinge moments of elevator, aileron and rudder. 

(4) For dive brakes runss hinge moments of dive brakes. 

(5) Ho pressure data required. 

Purpose; (1) Extensive armament test. 

(2) Dive brake design (differential movement). 

(3) Low speed, high R.N. effects. 

(4‘) Stability and control test to check on and correlate 
the results from transonic wind tunnel which is a 

completely new technique, 

(5) Limited pressure data (cockpit and side of nacelle). 

Model; l/20 Scale sting model 

Test ; (1) High R.X. at 2.5 atm. 

&/= 0, -10, -20, -30 (4) 

M = .3 

(2) Longitudinal Stability and Control 

M = .5, .6, .7, .75, .8, .35, .9, .92, .95 (9) 

a 0, 2, 5, IC, -2, -5, -ic, -15, -20, -25, -30 (11) 

(3) lateral Control 
M = As above (9) 
8 = 2, 5, 10, -2, -5, -10, -15, -20 (8) 

(4) Directional Stability and Control 
M = As above (?) 

= 2, 4, 6, 8, 10, 15, -4, -8 (8) 
Fin and rudder o& and cff 

5r = 2, 5, 10, 15, 20, 25, 30 (?) 
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Effect of elevator on Directional Stability 
y=6, 8,12 (3) 

t>9 = -20, -30 (2) 

M a .5, J&, .9, .45 ('4) 

(5) Blanketing Losses 
(a) In elevator effectiveness 

M = .5, .8, .95, (4) 
f- 8° 

& * -10, -20, 10 (3) 

Repeat above at 'Z' = 0,3 with dive brakes open 
60 - 60 at M = .8, .95 

fb) In rudder effectiveness 
M = £, .95 
Dive brakes 60-60 
/ = 0, 8 

*r = 5, 10, 20 

(6) Falcon Missiles 
Six missiles to be tested in several longitud- 
inal and chordwise locations and combinations, 
possibly with pertly open doors on some of 
the missiles. Investigation is to cover effects 
of incidence and side slip angles at M = .95 . 

(7) Dive Brakes 

L D 

0 
10 
20 
30 
40 
50 

10 
20 
30 
40 
50 
60 

L = Lower 

L 

10 
20 
30 
40 
50 
60 

10 
20 
30 
40 
50 
60 

K = .8, .35, .9, *92, .95 

0 = Upper 

L U 

10 
20 
30 
40 
50 
60 

0 
10 
20 
30 
40 
50 

Instrumentation : (l) Six component mein balances u, u, 
(2) Two component fin balance: Yp, Np, 

(3) Hinge moments: elevator, aileron, rudder, 
lower and upper dive brake. 

*JL 

(4) For missile runs: forces and moments on 
the missiles. 

(5) Pressure data from 9 orifices. 

II, Bupgffionic wind Tunnel 3 ..ü—iti \ii A3,QTX 

Purposes of this test are exactly the same as subsonic test (II) 
and so the same measurements are to be repeated at M =1.2 (the 
only Mach Number for which a liner is available) • 



C-] 05 ROCKET MODEL TEST PROGRAMME 

Purpose: (l) To obtain data, throughout transonic and supersonic range, 
leading to the evaluation of static and dynamic longitudinal 
stability and control- Data pertaining to control operating 
forces and control effectiveness will be particularly 
valuable in vie? of the very high Reynold's Number of the 
test (^36 x lCr) 

(2) To investigate the drag increase due to control deflection. 

Model: (1) Three 1/3 scale models equipped'with square wave operated 
elevator. Two of these are required for tests at. two 
different c.g. positions. The third one will be built as 
a stand by in case of failure of one of the other models. 

(2) Several l/g scale models equipped with a pre-set elevator. 
These will carry much less electronic equipment and will 
be built only if a cheap method of manufacture (such as 
large unit casting) is developed. 

Test: The model will be accelerated to required top Mach number by a 
booster rocket. Then a sustainer rocket built into the model 
will take over and ascertain a positive separation. The data 
will be obtained from transient records of model motion in 
response to square wave push-downs and pull-ups of the elevators. 
Mach Number range: .7 to 2.5 

Instrumentation: (a) longitudinal stability and control models 

(1) Telemetering on eleven channels supplying 
following data : 

- longitudinal acceleration. 
- transverse acceleration 
- normal acceleration 
- elevator hinge moment 
- aileron hinge moment 
- elevator position 
- aileron position . , 
- angle of attack 
- total pressure 
- reference static pressure 
- pitch angle with reference to a fixed datum 

(2) High speed photography from the ground 

(3) Radiosonde 

(b) Drag Models 

(l) Telemetering on six channels 
longitudinal acceleration 

- transverse acceleration 
- normal acceleration 

- angle of attack 
- total pressure 
- reference static pressure 



(2) Photography 

(j) Radiosonde 

Results : From the recorded data following aerodynamic information, covering 
the entire Mach range, will be derivedj 

(l) Aerodynamic centre 
<2> 
(3) \ 

(4) Elevator incremental centre of pressure 
(5) Cw % 
(&) Gh, 
(?) ^ 

(8) ^ 

) Elevator 
) 
) 

Aileron 

(9) CM• + CM 
(X q 

(10) cD 

(11) Buffet boundary 



APPENDIX D 

PROPOSED PROGRAM OF C .105 

WIND TUN’JEL TESTING AT N.I .E . 

Purposes (I) 

(2) 

(3) 

(4) 

(5) 

To determine the basic longitudinal stability and control 
: vote: ' L: • . 'ed . 

To determine the lateral and directional characteristics 

and control effectiveness et low speeds» 

To determine the’ ground effect by the use of a ground 

board. 

T l.UÜj" the ' ^ ? - ' ' ... id . 

To study the streaming of the tail parachute» 

Sieve * or deflection 

Aileron deflection 

Rudder deflfction 

+10, C, -5, -30, -20, -25, -30 

10, 5, c, -5, -10, -15, -20 

10, 5, 0, -5, -10, -20, -25, -30 

longitudinal tests to If dene with end without a ground bour-i 

with landing rear extended. 

With the ground board in place, the streaming of the tail 
■ 

that may develop» 

furor-e: (1) To determine the basic longitudinal stability, elevator 
and aileron effectiveness at transonic and supersonic 

speeds. 

Te-tr i Elevator deflection +10, t5, 0, -5, -10, -20, -25, -30 

Aileron deflection 20, 15, 10, 5, 0, -5,-10, -1lt-20 
Ms eh range Subsonic to 2.0 

Instrumentation: _ » 

his Viler: eg- tv ci- - I., 0, ’, -O, 

Elevator and aileron hinge moments 

j+r + t qp" X : ■") 

Purposet (3) To determine the efficiency of the intake by direct 
measurement and Schlieren photography. 

Te " t17 : 

Instr + 

Pressure recovery 

Schlieren photography 

fes* o V- done with various rnmp angle 
Mach numbers up to 2.0 

# 
which throats ere 

all supersonic 

a vail ibie . 

citation : 
PiJ ot and static rnkci in ' • ■ 
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Tunnel 

(]) To check the spin recovery characteristics under various 
loading conditions. 

Routine spinning tests to be carried out at conditions 
corresponding to various fuel loads. The effect of rudder, 
elevators, and aileron on the spin recovery to be noted» 

dation: 
Photographic record of spins» 



APPENDIX 

Comparison of running time required to complete an identical 
programma in N.A.E. and Cornell. 

Proposed programme for C-105 for Cornell Transonic Wind 
Tunnel is taken as the basis for comparison as it is possible to run 
such a programme at both facilities. 

From Appendix B, I (a) and (b) 

Total number of runs required 581 

Average number of points per run 
Cornell output based on past tests in 

transonic wind tunnel 3 runs/hr. 

N.A*E. output [Quarterly Bulletin 1952 (A)] A points/hr» 

Utilization time assumed 

Cornell 3 seven hour shifts 21 hrs./day 
N.A.E. .2 seven hour shifts 14 hrs./day 

Based on these data estimated required running time for 

this programme is - , 

Cornell 
N.A.E. 

9.2 days 
4.3 months 
(1CA days) 




