
Wind Tunnel Measurements of the 
Damping in Yaw Derivative, nr, 
of an Avro Canada Swept 'Hing with 
and without tip tanks . 
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V•1I ND TU NNEL MFASUfiEMENT S OF TRE DAMPI NG I N YAW DF.rl IVATIVE 1 

nr, OF AN AVP.. 0 CANADA S rEPT WING, WITH AND 1c ' lTH0UT TI P TANKS 

1. INTRODUC TI ON 

Damping i n yaw measur e ments in No . 3 ind Tunnel 
were made on a swept wing designed by A. V. Roe Ca na.da 
Li mited: The yawing a ~paratus had been used i n the No . 1 
Tunnel where r ough flow limited its usefulness. It had n9t 
been used i n No . 3 Wind Tun~el, hence the tests served to· 
appraise t h e usefulness of t h e apparatus i n No . _ 3 Tunnel 
as well as to obtain damping in yaw data on the wing. 

nr was measured by the free oscillation method. 
Th i s method consis ts of mounting the model so that it has 
fric tion-f,-, ee fre edom of mot ion about its ve r tical axis, 
dis placing it jn yaw, and allowing it to . oscillat e under the 
&ction of a restoring couple and the aerodynamic forces. The 
dec~ease i n amplitude with time gives a measure of the damping 
and, therefor e , nr. 

2. RA NGE OF T EST S 

Tests were made, with ~nd without tip tanks, at 
ang les of attack of 0 , 5, 10 and 15 degrees at speeds 
ranging between 68 and 196 ft./sec. 

The model was oscillated about an axis situated 
at o. 33c. 

3. DESCRIPTI ON OF MODEL AND APPARATUS 

The overall dimensions of the wing and tip tanks are 
given in Figure 1. 

Figure 2 is a photograph of the model mounted on 
the yawing mast. Two springs, s1 and s2 , provide the restoring 
coupie. The arm, A, to which the springs are fastened, is 
clamped at right angles to the ball-bearil}g mounted mast, M, 
and therefore, moves parallel to the horizontal plate, H, 
when the model is yawed. A sliding contact, C1

8 , is fastened 
to the undet'side of the arm and bears against a carbon 
resistor, R, which is glued to a strip of plywood, which in 
turn, is fastened to the horizontal plate. (The lead of a 
6H pencil having a _rectangular cross-section served as the 
resistor). A fixed contact, Qf, bearing against the 
approxtmate mid-point of the resistor was adjusted until 
the~e was no measu~able potential between it and the sliding 
contact when the model was at zero yaw, and a voltage of 12 • 
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volts was applied across the resistor. Leads from these 
two contacts were attached to t he input of an amplifier 
which fed into a brush recorder. The input of the other 
recorder channel was connected to a. timer w hlch gave 
one-qua r t er second pulses. A circuit diagram of the 
set-up is shown in Figure 3 . 

The model was released from 10 de grees of yaw 
each test by pulling a cord attached to a spring loaded 
relea se mechanism, P, wh ich was clamped to the hor izontal 
plate. 1'he brus h reco rde ro gave a continuous record of 
t he motion and the t ime . A sample t ra ce w1t h wind off is 
g iven i n Figure 4. 

Th e outpu t of the brush reco-:-'d e r> was fo und to 
vary linear ly with the angle of yaw ove~ the r ang e of 

. 0-15 de gr ees. 

rrhe a.rnpli t ude of the motion could be measured 
fr om the trace to :o.l degr ee. 

4. DETERMI NATI ,N OF D r 

whe r e 

:r 

b 

V 

a 

The damping in yaw d erivative , nr, is 3iven by 

dCn 

~ = (T,b) 
d2}i 

yawing moment coefficient 

~ate of yaw ( rad :lana/sec. ) 

wing span ( ft. ) 

air speed (ft. /sec.) 

l ogarithmic d c~ement of the osoillat io~, 
wind off , ( sec-1) ,. 

logarithmic decreme nt of the oscillation, wind 
on , (sec-1) 

moment Of inertia about t he axis of rotation 
slugs - ft, 
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p air density (slugs/ft3 ) 

S wing area (ft.2) 

The va 1 ues of "a" and "ar11 were obtained by plott 1ng 
the log of the double amplitude against time, wind on and-•ind 
off respectively, on semi-log p~per and multiplying the slope 
of the resulting curves by 2. 30 to change to base II en. 
Sample plots are given in Figure 5. The value of 1

2 
was 

obtained by neg le.cting ai-r damping, with wind off, in which 
case . 

where T = period of oscilla tion (sec.) 

K = restoring couple of the s p-rings 

(= 35.2 ft. lbs. / radian) 

In F i gure 5 the log of the amplitude is se en to 
be linear wi t h time ov er mos t of"' the oscillation. It becomes 
non-linear wit h wind of f wh en t h e double amplitude equals 
a pprox ima tely 2 de gy,ees. This is presumably due to II solid1t 

f-riction, the coefficient of wh ich may be increasing with 
t h e reduced velocities of the motion. The fa c t that the curve 
is linear over most o f the motion, however , indic a tes that 
thA friction is ne g ligib le and may be igno-red. A rough 
measur ement made with wind off gave a value of 0.01 ft. / Lbs. 
for the frictional torque at a velocity of rotation of about 
0.01 rad/sec. 

5. :1ESULTS 

The rasults a~e g iven in tabular form in table I 
and in graphical form in Figures 6 and?. 

The va,...ia tion of -nr with CL, with and without t a nks, 
at a wind spe ed of 1 00 ft./sec., together with a theore t ical 
cu~ve for wing alone ar e shown in Figure 6. One would expect 
t h e damping i n yaw to be g r eat er with tanks than without, 
at least from a consid eration of profile driag . This was found 
to be so at CL= O, t h e values of -nr being 0. 0 035 with tanks 
and 0. 0019 without tanks. At a CL of 0.60, however, the 
situation is revers ed, the respectiv e values being 0 .0067 
and Q.022. A possible explanation is the fact that at this 
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lift coefficient the induced drag plays ~n important 
pa:rt in the damping and the tanks-lruny reduce the induced 
effect of sweep at the tips a sufficient amount to sw~~pt) 
the effect of the added profile drag. Evidence of such 
action by the tanks was obtained from static yaw tests 
(to be published). 

lr.'he accu:racy of the det errnina t i on of nr, is felt 
to be poor, howeve~, at this angle of attack a nd wind speed. 
As. t h e incidence is increased, keeping a constant mean 
ve'locity, vat>iati ons i n magnitude, direction or spanwise 
distribution of the veloc ity have mo~e effect in "kicking" 
t he mode 1. ·These II kicks" occur too infrequently to allow 
the mean amplitude to decay as the amplitude would decay 
if there were no distur bances~ ·hence an erroneous damping 
ter-m may be obtain ed. Due to pre ssure of time, tests were 
not repeated in Or>de'!" to determine the repeatability;, but 
an exa mination of the t~a ces showed ir>regula ~ities, small 
in size but la,,,ge in effect. Th i s is pr esumably the -r-eason 
for the l ay, g e appar>ent va.,..,iation of nr with veloc it y , at 
diffe.,..,ent lift coeffici ents, sh own in Figure 7. 

The theoT'etical cu r ve of Figur e 6 ~as obtained 
by modifying the p.,..,ofile and induced drag t e,,, ms in Reference 1, 
(whi ch t ak As account of sweep) Give n f or ~ = 0 .5, i n the 
ratios of the va l ues for~= 0 . 25 and ~= 0.5 wit hout sweep. 
'rhe lat ter value for A = 0 . 25 was obt ained by extrapolating 
the data in Re f erence 2 by the meth od g iven in Reference 1. 
The two terms obtained were 

= 

c-2 
L 

where Cn was assumed equal to Co -
o AA 

The theoret ica l and measu red values agree closely 
at C1 = o. The lowe~ t h eoretical va lues at C1 's above 0.62 
can be attributed saf ely to the inability of the theory to 
acc ount for the effect of separa ted flow. 

6. CON CLU;S IONS 

Wind tunnel mea su-y,ement s of ny, wer e made en a 
model of an A. V. Roe Canada swept wing , with and without 
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tip tanks, at various speeds and angles of attack. 

( 1) The double amplitude was linear with time over 
most ~f the oscillation, hence solid friction was ignored. 
A rough measurement gave a value of 0.01 ft. lbs. for the 
frictional torque. 

(2) A theoretical estimate of n~ for wing alone was 
made based on the values in Reference· 1 which takes account 
of a,ueep. Good ag'!"ee ment vms obtained at CL = O. The 
curves diverge above CL= 0.62, the theoretical curve 
indicat i ng less damping than the measured values. The latter 
is to be expect~d due to the inability of the theory to 
account for the effect of separated flow. 

(3) Tip ta nks inc~eased -nr at Ct = O but decreased 
it at CL= 0 .60; The accuracy of the latter measurement 
is not consider ~d good. 

(4) Fo~ meaau~ements of nr on a win g without a fin 
the value of Dr, at l east a.t l ow and medium lift coefficients, 
i s of such a small magnitude that great car e rrrust be taken 
to measure the a mplitude a c curately , and the velocity should 
be about 1 00 ft./sec. or less, pr ogressively so as to t h e 
ang le of attack is increased. 

~eve~al r epeated test s for the same conditions 
should be ma.de i n future tests in or-der to better as s ess 
the accuracy of the method. 
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TABL E I 

. 
Tank s 1 af a T 

sec. 

off 0 . 0332 1. 638 
TI . 03 46 0 . 0392 
I! 0 . 0332 0 . 0394 
It 0 . 0362 o. C.470 
fl 0 .0346 1.632 
ll o. 0346 o. 0389 
II C. 03 46 o. 0396 
" o. 03 46 o. 04o5 
II C. 06 46 o. 062 
II o. 0332 1.630 
" II 0. 086 
I! II 0.107 
" 11 0.11'7 
" o. 0339 1. 620 
II 11 0.328 
fl II 0 .429 

on 0 .029 1 1. 96 5 
I! " O.Oo48 
I! 11 . 043 4 
11 II 0 .0511 
" n.0283 1.950 
ll I! o. 0318 
!1 " C' . 0369 
ll " 0 , 0698 
II o. 0293 1.9 00 
" I! 0 . 0410 
If ,, 

0 .0306 
t1 0 . 0285 1. 960 
fl !! 0 .269 

l 
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Iz 
II 

-nr 

2.39 
II o. 0 019 
11 o. 0019 
II 0 . 0029 

2 .38 I 
It 0 .0019 I 

I 
" 0 . 0015 I 
II 0 . 0022 

I 

I II 0 . 006 I I I 2.37 
" 0 . 022 
II 0.022 
II 0.023 

2.34 
I! 0.177 I 
11 0 .160 I 

I 
3 .44 

If 

I 0 .0035 
11 0 . 005'7 
" 0.0068 

3.39 
o. 0021 
0 .0033 
0.0126 

3 .22 
0 . 0 067 
0 . 0016 

3.44 
0.147 
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