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Surrunary 

Six-component supersonic v:ind tunne l t~sts were 

carried out on a 1/80 scale model of the C-105 aircpaft 

O F 22 

at four Mach numbers . In all , 27 model confl ~urations were 

investigated over a pe r i od of three month.s requiring at 

total o.f 1991 tunne l runs . This memorandum contains the 

results of these tests in the ·form of basic pl ots , cross ­

plots and final aerodynamic deriva t i ve s . 

In order to expedi t e t he pub licat:ion of the data , 

t he results are pre sented without de tailed analys is. 

L ____ _ 
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1 . Introduction 

Six- component force and moment measurements were rr~de on 

a 1/80 scale model of the C- 105 aircraft in the 30 inch tunnel. 

Tests were carried out at Mach numbers of 1.35, 1.57 , 1.78 and 

2 . 03 , corres pondinp to a Reynolds number range of 1.35 x 106 

to 1. 70 x 106 based on the wing mean aerodynamic chord , see 

Fig. 4. Control angle deflection was represented by inter­

changeable fixed - an~le controls while the mode l itself could 

be rotated in the pitch and yaw planes . 

2 . Test Model 

The model was manufactured by Avro Aircraft Ltd . , arranged 

for s tinG mounting from the rear. The model configuration was 
300 

tha t hav in~ the ~ nose, enlarr,ed vertical tail , 3.5% t h ick 

wing, 5% notch, 10% extension outboar d of the notch and drooped 

leadin;1; edge . The air intake ducts were left open at all times. 

The CG position of t he model was located at 0 . 28 c. 

The table below llsts the nomina l as we ll as the measured 

deflection angles of the interchangeable elevators and ai lerons 

used . The rudder angles were not measured. 

l 

I 

I 
I 

J ____ --- ---· ---- -----· --- ··- - - - - ------- ----------· -------------•····------------' 
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The above an r:les were measured to an accur acy of a.bout 

22 

+ 0 .1 ° . While t he elevators and the rudders were fastened to 

t ho model by means o f screws , the small size of the mo del 

necessitated soldering of the ailerons . When one of these 

blew off during a tunnel run it was replaced by another having 

a slightly different deflection. Th is difference was takon into 

account in the remainder of the tests . 

A photo craph of the model mounted on the balance is shown 

in Fis . 1, a diagram of the model showin~ lea.dins dimensions 

is reproduced in Fi g . 2 . 

3. Wind Tunnel 

Tests were ca rried out in the 30 inch wind tunnel in which 

the Mach number was varied by changinc nozzle blocks. The Mach 

number distributions were uniform to within ! 1% except at 

M = 2 . 03 where the variation was 11.5%. It was found t o be 

more expeditious to test all mo del confi~-urations at a ~ivon 

Hach number, rather than to change nozzles fo r a piven con­

figuration , inasmuch a s most of t he model changes coul d be 

acco111P1odated be tween tunnel runs. Furthermore t his procedure 

left t he balance and balance sup-port undisturbed for a s eries 

of model configura tions . 

The model exper ience d some wave interference at Mac h 

number 1.35 for the hi r,hcst negative an,'", les of incidenc e. The 

resul ts at these conditions were simply disca rded . 

L --··-------- -----
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The tunnel intake air was dried to a specific hu.~idity 

of l e ss than 0 . 000 5 , the stagnation pressure and temperature 

being apnroximately a trnospheric . Runs of about 5 seconds 

duration were taken . 

4. Model Mounting and Balance 

The balanc e used in the present tests was of the external 

six- component electrical strain r,age type supported on a 

mov• abl e sector . The latter entered the ton of the tunnol , its 

radius bein ~ such that the CG of the mo del remained fixed in 

the workin~ section ~men the model was pitched . Drive for the 

sector was provided externally by a geared-down electric motor 

with which the incidence could be set to an accuracy of about 

+ 0 . 02° . 

The total incidence range that could be obtained was - 16° 

to +20° but as it was desirable to reduce the tunnel blockage 

ar ea at high incidences {and particularly at low Mach numbers) 

the model and balnnce were inverted . Thus at the hi g;hest 

incidence the sector contributed minimum blocka r,e. The 

incidence range used for the tests was from - 1+ 0 to +16° in 

steps of 2° . 

A recessed chnnnel in the sector was available for leading 

the balance electrical wires an d the shield prossure tubing 

outside the tunnel . 

l_ ---- -------- ------------
I 

-----.l 
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The e ntire sector and drive assembl y were mounted on a 

circular tur ntabl e fittine into the top of the tunnel . The 

turn t a bl e then could be rotated by means of a crank enabl i ng 

the model to be set at yaw angles of up to: 8° . Here the 

model coul rl be positioned to an accuracy of about ! 0 . 05° . 

Keyways in the downstream shank of the balance allowed it 

to be placed at various angles of ro.11 in the lower sec tor 

boss. However , all tests were done with the balance (and mode l ) 
tl 

at a nominal roll angle of 0° • 

A hardened steel adaptor was used to secure the model to the 

balance , the actual connecti on between model and adaptor being 

a two- dimensional taper fit . In order to simplify the data 

reduction , the center line of the balance was made to pass 

through the model CG by suitably cranking the adaptor . The 

forward portion of the adaptor was necessarily narrow so that 

it could slip between the two en gine duc ts . All changes in 

model configuration could be effected between tunnel runs with 

the model in place on the adaptor • 

The balance was designed at the NAE and calibrated prior 

to the test pro~ram . A check calibration was carried out at 

the conclusion of the tests . The forces measured by the balance 

k Although the mo del was tested at a nominal an~le of roll of 

0° , model and balance m1.salignments as well as deflections due 

to air loads resulted in an a c tual a ngle of roll varying between 

-0.5° t o 0.4° depe nding on Mach number . 
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wer e the normal , axia l and side forces ac ting on the mode l 

whi l e the moments were the pi tching , yawing and ro l ling 

moments about the CG position on t he model . All components , 

with the exception of axial force , incorporated bonded strain 

~ages whereas the axial force was obtained by means of a 

displacement- type strain gauge transducer . In addition , 

shield pressure was measured and for purposes of data 

reduction the axial f orce tras corrected for free - stream pressure 

acting on an area equal to th e cross - sectional area of the 

adaptor at the model base . Balance as well as shield pressure 

transducer outputs were carr i ed to 7 high- speed potent iometer 

recorders . 

5. Re due tion of Data 

Balnnco calib ration yie l ded the followinr; expressions for 

the body forces and moments to gether with component interactions: 

N = NN Nm 

y = Yy y 
n 

A = AA AT o(.. + (Ps - p ) Ab - AN - A - A m y 

m = I1¼ - hN = ll\n - h (NN - N ) m 

n = ~ - kY = ~ - k (Yy Yn) 

In the sta bility system of axes depicted in Fi r, . 3.J 1"hese 

expressions become , in coefficient form: 

l.. ... -------------- _______ ] 
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CL = 1 [ (NN Nm ) cos c<. - [ AA - AT ol.. + (pS - p) Ab - AN 
qS 

Am - Ay 1 sino{ l 
-' 

Cy = 1 (Yy - Yn) 
q 8 

CD = 1 [ (NN - Nm) sin o( + { AA - A d-. + (ps - p) Ab - AN -
qIT T 

Am - Ay } cos O{] 

cm = 1 [ IDm - h (NN Nm)1 
qSC 

en = ~ ( {r1n - k (Yy - Yn )} cos o( 11 sin o( 1 
Cl = 1 [ 11 cos o<. + { nn - k (Y - Yn)} sin o<.J 

qSo 
y 

Corrections to the nominal anr; les of attacl:, yaw and roll 

determined by calibration, were applied to take into account 

balance and adaptor deflections due to model loa ds. Also the 

usual corrections due to modol and balance misali snments in the 

tunnel were made . 

The calibration check at the completion of the tests gave 

the following changes in the component and interaction 

calibration factors: 

'--~-------~-----· ·-·--··~-------·----·-· 



AE - 46h 
NAT IONAL AERONAUTICA L EST A B LI S HMEN T No. HSAL-M- 72 

P A GE 19 OF' 
22 

LABORATOR Y MEMO R ANDU M 

I 

I 
I 

I 
i 
! 

' ! 
I I I • I 
I 
I 
i 

The 

factors 

in the 

Cor1ponen t 
and 

Interaction 

NN 

Yy 
-· 

AA 

TI\n 
-~· 

l1n 
-

11 

AN 

Ay 

A 
m 

Nm 

Yn 

effect of t hese changes 

on t he final aerodynamic 

ta bl e bolow : 

Coefficient 

CL 

Cy 

CD 

cm 
en 

Cl 

I·-----·-------·---·---- --·- --

% Change 
tn 

Calibration 
'Pactors 

2 

0 

1 

4 

3 

3 

- 125 

L~ 

- 10 

- 36 

- 6 

in tho balance ca l 1. br a t ion 

co0fficients is ind i cated 

Maximum 
% ChaI'lf,e 

1.1 

- 0 . 1 

2. 7 

- 0. 7 

10. 9 

7. 8 

I 
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The data re duction was contracted out to t he IBM 

company and was effected concurrently with the t unnel tests , 

the computer pro7amr:iinr bein~ necessn.r l ly frozen prior to the 

initiation of the tests and based on the initial ba lance 

cal ibra tiono 

The aerodynanic center and various centers of pressure 

positions were calculated as follows : 

xac 
= 0 . 28 ( Snc ) c ( L) ~c = 00 

Xcp (Cm ) ( C ) C 
= 0 . 28 - ~ ~ ~ = 

oo = Xo.c ~ n 8e ) L= 0 
c CL ?," 

c ) 
( &e )o< = oo ( L ~e ) o( = oo 

6 . Test Procedure 

As mentioned above , all model conf igurations wo re completely 

tested at one Huch nurnl::er before changing nozzle blocks . For 

each nodel configuration the model was pitched through an anrle 

of incidence ra~e of -4° to 16° in s teps of 2° , isolated tunnel 

runs beinp; taken at each incidence settinG• 

The 27 model configurations as wel l as the sideslip angles 

at which th,-,y were tested are indicated by an 1x 1 in the table 

below. All angles are nominal . 

I 
I 
I 
I 

i 
·-··- -- -·---·-· ------·---···-- ---__ , 
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Model Conf i guration s Tested 

Sa = s ft = o o 

~ ~ e = ~ a = o o ~ e (deg ) 

De g ~It = 00 Fin Of f 10 5 -5 - 10 - 20 - 30 

-4 X X -- .. 
- 2 X X ·-- ·-·-- ·..,..-,.- ., _ ,.. __ 

0 X X 
. 

X X X X X X --- ------ - · 
2 X X 

--------·- - ·- - - ---- --
4 X X - -- .. 
6 X X X X X X X X . --~· 
8 X X 

S e == ~a - ~-- - oo 

&i. ( deg ) 

4 2 - 2 -4 - 6 - 8 - 10 -15 I - 20 l 

X , x X X X X I X X I X 

~ e = ~,'t = 1'5 = oo I ~- i 

Sa ( de g ) I 
I 

I 

- 5 5 10 15 20 

X X X X X 

6e = ~ rt = r = oo 

~ aL 
( deg )k 

5 -5 - 10 - 15 - 20 

X X X X X 

I 
I 

I 
Jr. It wa s not re quir ed to test this confi r-uration at M = 1. 35 

I 
- ----------' 



I 
l 
I 

i -I 
I 
I 

i 
l. 

NATI O NA L AE RO NAU T IC A L E STAB L I S HME NT No. 

P A GE 

L A B OR ATORY MEMO RAN D U M 

AE- 46h 
HSAL- M- 72 

22 O F 22 

As the mode l was inverted the maximum tunnel blockage 

occur r ed at an incidence of -4° . When choking effects·were 

experienced at a Hach number of 1. 35, the ne gative incidence 

\JU3 redu ced in steps of 1 ° until wave interference appeared to 

be removed . Nevertheless , results at this Hach number were not 

considered reliable at ne gative incidences . 

It had been determined from calibration that balance and 

model tn.re weights were si gnificant only insofar as the axial 

force was concerned . Consequently a taro weight correction 

to axial force only ( i . e . component of tare weight in direction 

of axial force due to incidence) was incorpora t ed in the data 

reduction equations . Inasmuch as this correction was quite 

linear , in actual practice t he axial force recorder was zeroed 

with the model at zero incidence , following which t he required 

incidence was g iven the model and a tunnel run taken . The 

chart roadino; was then simply based on the original zero . 
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