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Summary.--Measurements have been made of the direct tab derivatives and cross aileron-tab derivatives for a 
1541 section two-dimensional aerofoil (N.P.L. 282) with a 20 per cent aileron and 4 per cent (approx.) tab. In addition 
some measurements of the direct aileron derivatives have been made for comparison with earlier results together with a 
number of static derivatives for the wing and controls. 

The influence is shown of frequency parameter, Reynolds number, position of transition, mean tab angle and sealing 
of the control hinge gaps. Some tests have been made with the aileron set at minus 8 deg and the tab at plus 12 deg 
for which condition the hinge moment  on the aileron was zero. 

Reasonable agreement with the values given by  the ' equivalent profile ' theory is shown for both direct damping 
derivatives and for the direct tab stiffness derivative. The direct aileron stiffness derivative shows some departure from 
the theoretical value when o~ > 1. 

At o~ = 2, R = 106 and the natural  transition, comparison with the values given by flat-plate flleory gives the 
following approximate factors, where suffix T denotes the theoretical values: 

he/(h~) ~ = 0.0, h/(h.~)~ = 0 . 4 ,  te/(t~)~ = 0 - 5 ,  t~/(t~)~ = 0 . 5  

h~/(he)~ = 0.6, h~/(h~)~ = O-S, t~/(t~)~ =O.S, t~/(t~)~ = O.S. 

1. I n t r o d u c t i o n . - - T h e  measurements described in this report continue the investigation 
described in an earlier report 1 to obtain a complete set of two-dimensional wing-aileron-tab 
derivatives using a 1541 section aerofoil (N.P.L. 282)" with a 20 per cent aileron and 4 per cent 
(approx.) tab. 

The present report gives results obtained for the direct tab derivatives and cross aileron-tab 
derivatives. Some measurements of the direct aileron derivatives were also made for comparison 
with results given in Ref. 1 since a different tab was used. The trailing-edge angle of this tab 
was found to be different from that  used in the earlier tests. Most tests were carried out with 
zero mean aileron angle, but a few measurements were made with the aileron set at 8 deg and the 
mean tab angle adjusted to give approximately zero hinge moment  on the aileron. Mean tab 
set t ings of 0, 4 deg and 8 deg were used for measurements of the direct tab derivatives. Various 
corrections which have been applied to the experimental results are discussed in Appendix I. 
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In addition to the oscillatory tests a comprehensive series of static tests was made to determine 
the values of the twelve stability derivatives a,, b,, c,, m,, (n = 1, 2, 3). The effect of sealing 
the wing-aileron and aileron-tab gaps was also investigated. The results are given in Appendix II. 

2. Apparatus.--A description of the apparatus used for the oscillatory measurements is given 
in Ref. 3, and details of the arrangement of the model in the tunnel and method of fixing transitions 
are given in Ref. 1. 

A rolling axis at one end of the aerofoil and a pitching axis at the half-chord position were 
provided for the measurement of lift and pitching moment, but these freedoms were clamped 
for the oscillatory control tests. Use was made of these freedoms for the static tests. Balances 
attached at appropriate points allowed measurements to be made of the pitching moment and also 
of the moment  about the rolling axis, from which the lift could be determined. 

3. Details of M o d e l . -  

Section . . . .  
Thickness/chord ratio 

Trailing-edge angle 

Span . . . .  

Wing chord ..  

Aileron chord ..  

Tab chord .. 

Wing-aileron gap 

Aileron-tab gap ..  

1541 (N.P.L. 282) 

15 per cent 

15 deg 

72 in. 

30 in. 

6 in. 

1.25 in. 

0.06 in. 

0.04 in. 

Preliminary measurements of the direct tab derivatives made with the model described in 
Ref. 1 indicated that  the torsional stiffness of the wooden tab was inadequate. For the present 
tests a new tab constructed of solid magnesium alloy was used. A theoretical estimate had 
shown that  errors due to torsion should be negligible with this tab. 

A diagram of the model is given in Fig. 1. 

4. Measurements.--The direct tab derivatives were measured with the aileron locked to the 
wing and the aileron driving wires and quadrant removed. The latter were replaced for 
measurement of the forces on the aileron due to tab deflection and the aileron driving station 
was then disconnected from its eccentric. When it was required to measure the direct aileron 
derivatives, the aileron and tab were forced simultandously with amplitudes which gave no move- 
ment  of the tab relative to the aileron (see Appendix I, section 3) and the outputs from both 
aileron and tab electric balances were measured. 

A frequency range from 3 c.p.s, to 12 c.p.s., was covered for each combination of Reynolds 
number and transition position with ¢~ = y = 0. In the case of the tab, tests were also made 
with y = 4 deg and 8 deg. Some additional tests were made with ~ = -- 8 deg and y ---- + 12.4 
deg, which gave approximately zero aileron hinge moment in the mean position. All tests were 
made at Reynolds numbers of approximately 1, 2 and 3 × 10 ~, and transition positions at 0. lc, 
0.4c, and 0.7c (natural) from the leading edge, except for the condition of / / = -  8 deg, 

= + 12-4 deg, where the transition position was fixed at 0. lc only. The aileron and tab 
amplitudes were approximately 5 deg for all conditions tested. 

5. Tests with Control Gaps Sealed.--The effect of sealing the wing-aileron gap was determined 
statically by applying across it a strip of tape 0. 003 in. thick. Tests in which a tape was added 
to the surface without closing the gap showed appreciable aerodynamic interference. After 



allowing for this effect it was found  that~ the wing-ai leron gap sealing p roduced  a negligible 
effect .on the stat ic direct aileron derivatives.  (A similar result  is also indica ted  in Ref. 4, Fig. 14.) 
I t  was  not  possible to measure  t-he effect wi th  the  control  oscillating owing to the  na tu re  of the  
seal. 

I n  the  case of the  ai leron-tab gap, which was closed in the  same way, both.stiffness and  damping  
for the  direct aileron derivat ives could be measured  since the  tab  and  aileron m o v e d  together .  
I t  was also possible to measure  the  cross tab  derivat ives due to aileron displacement .  

Some measurements  were made  s ta t ical ly  of the effect of sealing the  ai leron-tab gap on --  h, 
and  --  t~. Whils t  there  appeared  to be little interference due to the  tape it is though t  tha t  less 
rel iance should  be placed on these results t han  on those for - -  h a and  --  t~ since the effective 
elastic stiffness of the  seal was unknown.  A knowledge of this was required since the  correct ion 
for wing flexure for the  stat ic case depended  on the  bear ing stiffness. 

6. Experimental Results.--6.1. Direct Tab Derivatives, -- tv, -- t~ (Figs. 2 to 5).--6.1.1.  Influence 
or frequency parameter. The stiffness der ivat ive  - -  tv showed very  l i t t l e  change over the co-range 
for all condit ions of the  tests. 

The  damping  der ivat ive  - -  t~ showed lit t le var ia t ion wi th  f requency pa rame te r  for co > 1.5. 
Below this value there  was a falling off in damping  which  became more  p ronounced  as the tab  
angle increased. 

6.1.2. Influence of Reynolds number.--Scale effect on --  tv was small  for all condit ions tested. 
At  the  highest  Reynolds  n u m b e r  there  was some increase in --  tv as co increased. More m a r k e d  
effects were  shown on the damping  der ivat ive  --  t~, which  in general,  increased as the  Reynolds  
n u m b e r  increased. This effect became less as the  tab  angle increased. 

6.1.3. Influence of tab angle.--With the  forward transi t ion,  increase of tab  angle to 8 deg 
produced  a rise of approx imate ly  10 per cellt in - -  t~, bu t  there  was little change wi th  the  na tu ra l  
transit ion.  

Values of - -  t~ increased by  approx imate ly  27 per  cent  as the tab  angle was increased to 8 deg 
at  the  lowest speed and  wi th  forward transi t ion.  A slightly smaller increase was observed wi th  
the  na tu ra l  t ransi t ion.  

6.1.4. Influence of transition positio n (Figs. 12, 13 ) . - -Forward  m o v e m e n t  of t ransi t ion reduced  
bo th  --  tv and  --  t~. W h e n  ~o = 1- 2, ? ----- 0 and  R = 106, this reduct ion  a m o u n t e d  to 43 per cent  
for --  t~ and  19 per cent  for - -  t~. 

In  the  case of the  stiffness der ivat ive  this change was similar for o ther  values of co and  R. 
For  the  damping  der ivat ive  below o~ - -  1 the change was modified b y  scale effect and  change of 
mean  angle, the  effect of change of t ransi t ion position becoming less, in  general,  as the tab  angle 
increased. 

6.2. Cross Derivatives for Tab Displacement,-  h~, --h~ (Figs. 6, 7).--6.2.1. Influence of 
frequency parameter.--The tab  cross stiffness and  cross damping  derivat ives showed characterist ics 
similar to the  direct  tab  derivatives.  The stiffness der ivat ive  - -  h~ showed lit t le change wi th  
f requency  pa rame te r  for the condit ions tested, bu t  the  damping  der ivat ive --  h~ showed a rise 
above o) = 1.5, wi th  a t endency  to fall off as co was decreased. This effect became less as the  
t rans i t ion was moved  forward. 

6.2.2. Influence of Reynolds number.--Scale effect on --  h~ was small, bu t  - -  h,~ showed a rise 
as the  Reynolds  n u m b e r  was increased from 1 to 2 × 106, after which  only minor  changes occurred. 

6.2.3. Influence of transition position (Figs. 12, 13) . - -Forward  m o v e m e n t  of t ransi t ion reduced  
bo th  - -h~  and  - -h~.  W h e n  ~ = 1.2, f = 0 ,  and R =  106 this a m o u n t e d  to a reduct ion of 
42 per cent  for --  h~ and  19 per  cent  for --  h~. The stiffness der ivat ive  showed similar changes 
for o ther  values of ,) and  R, bu t  for the  damping  der ivat ive  this reduct ion  became less as the  
Reynolds  n u m b e r  was increased. 

3 
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6.3. Direct Ai leron Derivatives, - -  h a, - -  h# (Figs. 8, 9 ) . - -Expe r imen ta l  results showing the  
influence on these derivat ives of f requency parameter ,  Reynolds  number ,  t ransi t ion position, 
and  mean  aileron angle are repor ted  in Ref. 1. 

In  the present  tests, when  the  original wooden tab  was replaced by  a meta l  one, a difference in 
the direct aileron stiffness derivatives was observed for  the two cases. After  a number  of possible 
sources of error had  been examined  it was found t ha t  the  trail ing-edge angle of the tab  in the 
present  case was larger t han  the previous one by  2½ deg*. Values of ~Cn/O ~ measured  for a range 
of trail ing-edge angles are given in Refs. 5 and  6 and indicate  t ha t  a difference in --  h a could be 
expected  due to this change of angle. F rom the  charts  given in Ref. 6 a reduct ion  in --  h a of 
I4 per cent with the forward t ransi t ion and  7 per cent wi th  the  na tu ra l  t ransi t ion would  be expected  
for an increase of 2½ deg in trai l ing-edge angle. W h e n  these corrections are applied to the present  
measured  values, t hey  differ f rom those previously measured  by  about  5 per  cent  at  co = 0 and  
less at higher  values of co. 

The  direct damping  der ivat ive --  h# showed only minor  changes compared  wi th  the  previously 
measured  values, except for the  condit ion of na tu ra l  transit ion,  where  the  scale effect was less 
marked.  

The effect of sealing the ai leron-tab gap (Fig. 14) was to increase the value of --  h e by  14 per  
cent  in the  case of na tu ra l  t rans i t ion and  19 per cent  for t ransi t ion at  0. lc when  co = 0. Slightly 
smaller increases were observed at  higher values of o~. The damping  der ivat ive - -  h# showed an 
increase  at  co = 1 of about  11 per  cent  for bo th  t ransi t ion positions. The  tests wi th  sealed 
ai leron-tab gap were  made  at  R = 106 only. 

6.4. Cross Derivatives for  Ai leron Displacement,  - -  ta, - -  t~ (Figs. 10, l l ) . - - T h e  influence of 
f requency  parameter ,  Reynolds  number ,  posit ion of t ransi t ion and a sealed gap was invest igated.  

The cross derivat ives showed characteris t ics  similar to those of the  direct derivatives.  The 
cross stiffness --  t¢ var ied  approx imate ly  40 per cent  over the  m-range and  was a m i n i m u m  in 
the  ne ighbourhood  of co = 0.7.  Change of Reynolds  n u m b e r  had  lit t le effect, a l though there  
was a t endency  for --  t a to rise at  the  highest  speed. Change of t ransi t ion from the  na tu ra l  
posit ion to 0. lc p roduced  a decrease of the  order  of 30 per cent.  W h e n  the  ai leron-tab gap was 
.sealed the value of the cross stiffness der ivat ive  increased for bo th  t ransi t ion positions and the  
whole ~o-range to approximate ly  double its value for the  unsealed  case. 

The cross damping  der ivat ive  --  t~ showed little change wi th  f requency pa rame te r  for c0 > 1. 
Below this value there  was a falling off in damping.  Change of Reynolds  n u m b e r  f rom 2 to 3 × 106 
produced  an increase of the order of 15 per  cent,  bu t  below this range there  was li t t le change.  
Change of t rans i t ion position produced only minor  changes in --  t¢. W i t h  the  ai leron-tab gap 
sealed the  damping  showed a rise of about  45 per cent  over the  o~-range used. 

6.5. Control Derivatives with Zero Hinge M o m e n t  (Figs. 15, 16) . - -The influence of f requency 
pa rame te r  and Reynolds  n u m b e r  was investiga±ed and  the  tests were carried out  wi th  t rans i t ion 
at 0. lc,/7 = --  8 deg and p = + 12.4 deg. All the  stiffness derivatives showed a m u c h  increased 
scale effect, especially be tween  Reynolds  numbers  of 1 × 106 and  2 × 106. In  addi t ion there  
was an increase in --  h a of up to 16 per  cent,  depending on Reynolds  n u m b e r  and  an increase in 
--  ta of about  100 per cent  compared  wi th  the  values for fi - -  f = 0. 

The value of --  h, showed a decrease to about  one half t h a t  obta ined  for fi = p = 0 and  --  t~ 
showed a decrease of f rom one half to one fifth depending on Reynolds  number .  

For  the  damping derivat ives the scale effects were similar to those for zero mean  control  angles, 
except  for --  t¢, which showed m u c h  larger effects. Changes in the  magn i tude  of the damping  
derivat ives t ended  to follow those in the  stiffness derivat ives bu t  in the  opposite sense. I t  was 

* This may have been due to the surface finish applied to the wooden tab. 
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found tha t  --  t~ decreased to about  hail  the value ob ta ined  wi th  f = ¢7 = 0, bu t  --  h E showed 
li t t le change. The  increase in - -  h,, however ,  a m o u n t e d  to approx imate ly  30 per  cent  wi th  an 
increase in --  t~ of up to about  25 per cent  depending on Reynolds  number .  

7. Comparison with Theory (Figs. 17-19) . - -Since Pa r t  I of this report  was published,  
C. S. Sinnot t  7 (1953), has calcula ted values for the  hinge m o m e n t  derivat ives for an oscillating 
control  using the  semi -empi r i ca l '  equivalent  p r o n e '  t heory  suggested by  W. P. .Tones  8 (1948) 
which  allows for aerofoil thickness and  boundary - l aye r  effects. Values for the  direct aileron 
and  tab  derivat ives have  been calcula ted by  this m e t h o d  using the  exper imenta l ly  de te rmined  
values of a~, b~ and  m~, as, bs and  ms, given ' in  this report .  The results are p lo t t ed  in Fig. 17. 
Reasonable  agreement  be tween  these calculated values and  those ob ta ined  from the  oscil latory 
tests is shown for - -  he, --  t~ and  --  t~ and  also for --  h a when  co < 1. For  co > 1, the  exper imenta l  
value of - -  h a increased wi th  co and  wi th  t rans i t ion at  0.4c, R = 106 and  co = 3, the  difference 
a m o u n t e d  to approx imate ly  25 per cent. 

W h e n  the  exper imenta l  results  are compared  wi th  flat-plate theory  9 all the  derivat ives are 
found to be less by  a factor of 0 .4  to 0 .6  (Figs. 18, 19). An increase in some of the  derivat ives 
as the  f requency pa rame te r  is increased is also observed, which  is not  shown by  flat-plate theory.  

8. Other Experimental Results.--Andreopoulos, Cheilek and Donovan  1° (!949), who used a 
40 per  cent  aileron and  a 10 per cent  tab  obta ined approx imate  agreement  wi th  fiat-plate theory  
for the  direct aileron derivatives.  The direct tab  stiffness --  tv was 0 .75  to 0 .8  of theory,  whilst  
the  tab  damping  --  t, was 0 .75  to 0 .8  of theory  for co < 1- 3. In  the  case of the  cross derivatives,  
values of 0 .7  of the  theoret ical  were ob ta ined  for --  hv and  0 .65 to 0 .8  for - -  t a. The value of 
- -  h, was 0 .7  of theory,  bu t  t ha t  of --  t~ only reached  0 .7  of theory  when co approached  2. 

Scruton,  R a y m e r  and  Dunsdon  11 (1945) measured  ae rodynamic  derivat ives relat ing to wing- 
flexure aileron f lut ter  for a B.A.C. Wing  Type  167, of equivalent  aspect ratio 9 (approx.) wi th  a 
20 per cent  (approx.) control  and  obta ined values of about  0 .6  of fiat-plate theory  for the  direct 
aileron derivatives.  

£ . .  .. . 
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CO 

NOTATION 

Aileron hinge moment per unit span 

= p V¥2{(h a + i ~ h ~ -  ,o~h~)a + (h+ + i ~ h ~ -  ~%)7} 

Tab hinge moment per unit span 

Angular displacement of aerofoil from mean position 

Angular displacement of aileron from mean position 

Angular displacement of tab from mean position 

Amplitude of oscillation of aileron 

Amplitude of oscillation of tab 

Mean aileron angle 

Mean tab angle 

Density 

Wind speed 

Aerofoil chord 

Reynolds number 

Kinematic viscosity 

Frequency 

Frequency parameter 

2=fc 
- -  V 

0C~ 0CL 0CL 
a l - -  0~ ' as--  0ff '  as--  07 

OCn OCn 
OCz~ b2 - -  , b~ - -  

b l  - -  0o~ ' ~ f i  0), 

~ C ~  OC~T ~C~r 
cl - -  On " c a - -  Off ' c~ - -  0~ 

oC,   oC,. 

Lift coefficient 

Aileron hinge-moment coefficient 

Tab hinge-moment coefficient 

Pitching-moment coefficient referred to the half-chord axis 

* The definition of H is in accordance with Ref. 9 but differs from that  given in Par t  I of this report where the 
acceleration term was omitted. 
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APPENDIX I 

Corrections.--During the tests the model distorted in several ways. Some of these p roduced  
appreciable errors for which corrections had to be made. In addition, certain corrections for 
amplitude and phase, apparatus damping and parasitic moments have been applied. These, 
together with a reference to tunnel interference, are described below under separate headings. 

1. Tunnel Interfereme.~The effect of tunnel-wall interference .on derivative coefficients for 
oscillating models has been investigated by W. P. Jones 1",1. (1943, 1950), Reissner 1. (1947), 
Sinnott 7 (1953) and de Jager la (1953). A comparison between the results of Sinnott (equivalent 
profile) and those of de Jager (hinged plate) for a 20 per cent control, where the wing chord/tunnel 
height ratio was 0.35 (approx.) is shown in Fig. 20. The correction due to interference amounts 
to a maximum of about 7 per cent for both damping and stiffness derivatives in the region of 
~o = 0.5, and decreases to about 2 per cent or less for co > 1. 

No corrections have been applied to the oscillatory derivatives for this effect nor for the effect 
of tunnel blockage. The static blockage amounted to A V/V ---- 1.3 per cent for the highest speed. 

2. Distortion of Model.--Reference has already been made in an earlier report 1 to the flexure 
of the wing due to the oscillatory airqoads, which produced an error in the measured aileron 
forces through inertial coupling. A semi-empirical method of correcting for this error was devised. 
In the present case preliminary measurements of the direct tab stiffness derivatives were found 
to be in error both due to wing flexure and ~o ' b l o w b a c k '  of the driving wires. Tile latter 
produced not only a movement  of the control but a reduction in the effective stiffness of the 
driving member. This effect had been smaller in the tests of Ref. 1, on account of the greater 
tensions employed, and was corrected by the method described in that  report. 

Since attempts to allow for the ' blowback ' effects were unsatisfactory in the present case, the 
driving wires were finally shielded with streamlined guards. Tests in ~which additional guards 
were placed in the tunnel indicated that  aerodynamic interference was negligible. 

Errors due to wing flexure were then calculated from measurements of the vertical translation 
at the section containing the driving quadrant and the product of inertia between this motion 

a n d  the tab or aileron freedom. Measurements of both amplitude and phase of tile vertical 
translation relative to the control-surface motion were made, and the appropriate component of 
t h e  inertial reaction was used in determining the corrections for both stiffness and damping 
derivatives. Those for the latter were small (<  2 per cent for ~o > 0.5, rising to 6 per cent at 
• ~o -= 0.2) and since small phase angles were involved which were difficult to measure accurately, 
the corrections have not been applied in the case of the damping. 

Errors in the direct tab and aileron derivatives due to twist of the control were estimated by 
calculations involving ~ or y and the twist. All expression for the error was derived in a form 
involving torsional stiffness and inertia, the direct hinge-moment derivative and mode of twist. 
Measured values of these quantities were substituted with the exception of the mode, which was 
assumed to be the same as that  calculated for the still-air case. The error was negligible for the 
tab stiffness derivative and about 2 per cent for the damping derivative, whilst for the aileron 
it was negligible for the damping and about 4 per cent for the stiffness derivative. However, 
optical measurements indicated that  tile twist and hence the errors were smaller than calculated 
and for this reason no corrections were applied. 

3. Amplitude and Phase Measurements.--The forced amplitude of the controls was found to 
increase slightly with frequency due to flexibility in tile forcing linkage. To allow for this the 
amplitude was measured optically at each frequency. 



For mechanical reasons it  was not possible to set the amplitude and phase of tab and aileron 
motions to give exactly zero movement of the tab relative to the aileron. Thus in the determina- 
tion of -- he, -- h~, -- t~ and -- t~ it was necessary to measure both the amplitude and phase of 
the motions optically to enable small corrections to be applied using the previously measured 
values of -- h,, - -  h,, --  tv, --  t,. 

4. Appara tus  Dampia,g.--Correct ions to the derivatives -- h# and -- t¢ for apparatus damping 
were measured in the manner described in Ref. 1. In estimating the apparatus damping relating 
to -- h~, ±he still-air damping was assumed to be negligible. In the case of the derivative -- t~, 
at tempts to separate the apparatus and still-air damping failed because the apparatus hysteresis 
was large compared with the still-air damping. I t  was possible, however, to estimate the order 
of magnitude of the still-air damping for the tab from that  measured on the aileron. It  may  be 
shown by dimensional theory that  the damping coefficient per uni t  span is of the form o c4f$ (c~f/~), 
where $(cy/v) is some function of (c2f/v). The aileron tests indicated a constant magnitude for 
$(df /v)  for the higher values of (c~f/V), with a talling off in magnitude as values of (c~[/v), 
appropriate to the tab were approached. Calculations of the tab still-air damping based on the 
constant value of $(cy/v) gave over-estimated values which were found to be negligible in 
comparison with the aerodynamic damping. 

5. Miscellaneous Correct io~s.--The effect of forces on the sting bearings and quadrants Was 
determined by the addition of dummy bearings and quadrants, which in the case of the tab 
moved with the control. Allowance had to be made for the change in the product of inertia of 
the system in estimating errors due to wing flexure. In the case of the aileron the measurements 
were made statically because of the large inertia involved and the difficulty of estimating the 
change in the pr.oduct of inertia accurately. The effect of drag moment due to the exposed 
portions of the driving wires was calculated from wire drag measurements. 

A P P E N D I X  II  

Measurement  of S tat ic-Wi~g and Control Derivatives 

A knowledge of the wing static-stability derivatives is necessary for the calculation of the 
oscillatory control derivatives by  the ' equivalent  profile'  method. These, together with the 
control derivatives provide additional information for the two-dimensional stabil i ty and control 
programme. Hence static measurements have been made of the lift and pitching moment on the 
aerofoil due to change of ~, ~ and 7. In addition, static hinge moments on the controls have 
been measured for a range of control settings. In the case of the lift and pitching moments a 
Reynolds number of 10 6 was chosen, since wing distortion was likely to be least for this value, 
bu[ for the control hinge moments a value of 2 × 10 6 was used, since increased accuracy would 
be obtained. 

The stabili ty derivatives tabulated have been obtained from curves of lift, pitching moment 
and hinge moment and correspond to the slope at the origin, after allowing for tunnel blockage 
and wall interference. 

Least reliance should be placed on ithe values of cl, c2 and c8 obtained with the aileron-tab 
gap sealed, since the sealing, as mentioned in section 5 may have produced other effects, besides 
preventing the flow- through the gap. 
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Tabulated Results : Flutter Derivatives 

Transi t ion at O. lc 

T A B L E  1 - - R  = 10 6 

= 0 deg y = 4 deg ~ = 8 deg 

~o - - t  v x  10 4 . - - t  2 X  10 5 -- ty X 10 * - - t ? X  10 5 - - ty  × 10 a - - t~X 10 5 

0 
0 .73 
1.21 
1.69 
2 .17  
2-66  
2 .90  

2"28 
2-28  
2"29 3" 13 
2" 30 3" 13 
2"30 3" 19 
2"31 3"43 
2*32 3"49 

2-40 - -  
2"35 
2"41 3-36 
2" 35 3" 39 
2"33 3"49 
2"38 3"51 
2"35 3"47 

2"46 
2-38  
2"44 
2"46 
2-51 
2"47 
2"53 

4 .30  
4 .30  
4 .20  
4" 13 
4" 13 

T A B L E  2 - - R  = - 2  × 10 6 

y = 0 deg ~ = 4 deg y =: 8 deg 

r~ - - t  v x 1 0  4 - - t~X10 5 

0 
0"36 
0"60 
0"85 
1 "09 
1 "33 
1"45 

- - t  vX10 4 - - tp×105 

2 .20  " 
2 .32  
2- 32 3 .52  
2"26 3 .61 
2-25 3 .75  
2 .29  3 .84  
2 .27  3" 88 

- - t  v × 1 0  4 - - t p × 1 0  5 

2-37 
2 .36  
2 .38  3 .34  
2 .36  3 .56  
2 .39  3"71 
2 .40  3 .79  
2-39 3"75 

2"49 
2"52 
2"54 
2"56 
2"56 
2-59  
2" 58 

m 

3"70 
4"03 
4"22 
4"35 
4"37 

T A B L E  3 - - R  = 3 × 10 6 

~ = 0 d e g  p = 4  deg p = 8  deg 

--trx10 4 - - ~ x 1 0  5 --trx10 4 - - # x 1 0  5 

0 
0 .23  
0 .38  
0-53 
0"69 
"0" 84 
0-92 

2 .28  
2 .29  
2-30 3"35 
2 .31 3 .55 
2 .32  3 .68  
2 .35  3 .78  
2-36  3 .84  

- - t ~ × l O  ~ - - t~X 10  5 

2 .42  
2-38 
2 .39  3"23 
2 .43  3 . 4 4  
2" 42 3 .65  
2 .52  3 .79  
2 .59  3-85 

2"44 
2"46 
2"51 
2"57 
2"61 
2"71 
2 .73  

3-23 
3"63 
3" 92 
4-13 
4-18 
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Transition at O. 4c 

T A B L E  4---~ ---= 0 deg 

(.0 

0 
0 .73  
1-21 
1"69 
2 .17  
2 .66  
2 .90  

R = 10 6 

-- ty × 104 

2"93 
2-93 
2-90 
2"87 
2"87 
2"87 
2"87 

--t~ × 105 

3 .56  
3"71 
3 .69  
3 .59  
3 .49  

0 
0 ' 3 6  
0"60 
0"85 
1.09 
1.33 
1.45 

R = 2×106  

- - q x  10 4 

2 .90  
2-91 
2-88  
2-89 
2"87 
2"88 
2"88 

= - q ×  10 5 

3"39 
3"75 
3"94 
3"96 
3"99 

Ok 

0 
0.23 
0-38 
0 .53 
0 .69  
0 .84  
0 .92  

R = 3  × 10 6 

--t~ X 104 

2"90 
2"90 
2" 90 
2" 92 
2"93 
2"95 
2"98 

--t~ x 10 5 

3"22 
3"65 
3"87 
3"99 
4"03 

Natural Transition 

T A B L E  5 - - -R- - -  10 6 

= 0 deg p = 4 deg p = 8 deg 

ok - - t v x l 0 4  - - t ~ x 1 0  s --/7)<104 - - rex105  - - t T x l 0 4  - - t~X10  s 

0 
O" 73 
1.21 
1- 69 
2-17 
2"66 
2 .90  

4-16  
4 .01 
3" 97 3" 89 
3- 99 3" 93 
4- 05 4- 15 
4" 10 4" 46 
4" 30 4" 67 

4-06 
3 .92 
3" 89 4" 96 
3"93 4-99 
3" 97 4" 97 
4" 07 4" 83 
4" 12 4" 67 

4"00 
3"79 
3"81 
3"87 
3" 93 
4- 05 
4-15 

4-62 
5- 07 
5- 12 
5-11 
5.01 

T A B L E  6 - - R  = 2 × 10 0 

0 
0.36 
0 .60 
0 .85 
i" 09 
1.33 
1.45 

p = 0  deg 

- - q X 1 0 4  - - q X 1 0  ~ 

3"83 
3-  87 
3 .96  4 .13 
3-96 4 .33 
3-95 4 .56  
3 .93  4 .76  
4-03 4 .85 

y = 4 deg 

XtrX 104 --/e 'X 105 

3 ' 9 6  
4"03 
4 ' 0 8  3"59 
4 .15  4"12 
4" 16 4 .39  
4" 11 4"48 
4 .08  4 .50  

y = 8 deg 

- - t ~ × 1 0  4 ] - - t # × 1 0  B 

3.81 
3 .84  
3 .97  3- 76 
3" 98 4- 54 
4- O0 4 .99  
4- 03 5 .27 
4- 06 5 .38  
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Natural Transition 

T A B L E  7 - - R - - - - 3  × 10 6 

= 0 deg y = 4 deg ? = 8 deg 

ro - - t~×104 - - t~×105 - - tv×104 --t~;×105 - - t ~ ×  104 - - t?  ×105 

0 
0 .23  
0 .38  
0 .53  
0 .69  
0 .84  
0 .92  

3 " 6 9  

3"80 
3"84 
3 .94  
3"95 
3-96  
3-99 

4 .15  
4 .36  
4 .47  
4 .52  
4 .54  

3-79 
3 .90  
3 .94 
4-02 
4-06  
4 .13  
4 .13  

m 

3 .04  
3 .57  
3"75 
3 .88  
3 .93  

3"60 
3 .88  
3 .98  
4 .05  
4" 10 
4 .09  
4"08 

m 

2 .72  
3 .44  
3 .79  
4 .13  
4 .29  

Transition at O" lc 

T A B L E  8- -4  = 0 deg 

R =  10 6 R = 2 X 1 0  6 R = 3 X 1 0  G 

I -hrX 10 ~ --h~× 10a I a --hv × IO s --h~ x l0 s x 10 2 ~ h ~  x 10 3 

0,620 0 0.635 0 
0 .73 
1.21 
1.69 
2-17 
2 .66  
2 .90  

0.615 
O- 595 
0.605 
O- 595 
O. 600 
0.600 
O- 595 

O" 275 
0.475 
0.535 
O" 565 
O. 585 
0.595 

I 

0 
0 . 3 6  
0 .60  
0 .85 
1.09 
1-33 
1.45 

0.600 
0"600 
O" 595 
O" 590 
0.595 
O. 595 

O" 275 
0.445 
O. 520 
O" 574 
O. 600 
0.613 

0 .23  
0 .38  
0 .53  
0 .69 
0 .84  
O- 92 

0.615 
0.610 
0.610 
0.610 
0.610 
0.610 

0.210 
O. 305 
0.405 
0.470 
O. 505 
O. 520 

Transition at O. 4c 

T A B L E  9 - - y  --  0 deg 

R =  l0 G R = 2 × 1 0  G R = 3 x 1 0  ~ 

- - h r × 1 0  ~ - - h ~ × 1 0  3 ~ - - h y × 1 0  2 - - h ~ × 1 0  8 ~ --h v×lO~[ --h~ x 10 3 
I 

I 
0 

0.73 
1.21 
1.69 
2 .17  
2-66 
2 .90  

0.795 
0.760 
0.755 
0.755 
0.755 
0.755 
0.750 

0-425 
0,525 
0.560 
0.600 
0-635 
0-650 

0 
0-36 
0-60 
0 .85 
1.09 
1.33 
1-45 

0,780 
0,755 
0.750 
0-745 

• 0 .740 
0.745 
0.745 

i 

0.240 
0,400 
0.495 
0.575 
0-635 
0.665 

0 
0-23 
0-38 
0 .53  
0 .69 
0 .84 
0-91 

0.795 
0.780 
0.775 
0-755 
0-755 
0.770 
0.771 

0-285 
0.485 
0.585 
0.650 
0.700 
0..725 

12 



Natural Transition 

T A B L E  10----p ---- 0 deg 

O )  

0 
0,73 
1.21 
1.69 
2.17 
2.66 
2.90 

R = 10 6 

--h~×lO 2 

1 "07 
1 "04 
1 "04 
1"04 
1 "05 
1-06 
1-07 

- -h~×10 a 

0.530 
0.585 
0.640 
0-685 
0.725 
0.745 

0 
0.36 
0-60 
0.85 
1.09 
1.33 
1.45 

R = 2×106 

- -h  v × 102 

1 "05 
1"02 
1"02 
1"01 
1"02 
1"03 
1"03 

--he×10 a 

0.285 
0.485 
0-585 
0.650 
0"700 
0-725 

( . 0  

0 
0-23 
0-38 
0-53 
0-69 
0.84 
0"91 

R = 3x106 

I --h r×102 - -h  eX103 

1"02 
1"01 0"145 
1.01 0"305 
1.02 0"415 
1.02 0.485 
1.03 0"530 
1.02 0.545 

Transition at O. lc 

T A B L E  11--f i  = 0 deg 

R = 1 0  6 R = 2 × 1 0  6 R = 3 × 1 0  t 

co - -h  a × 10 2 --h/~ × 10 2 co ] - -h  a × 10 2 --h/~ × 10 2 eo - -h  a × 10 2 --h~ × 10 2 

I 

0 
0.73 
1.21 
1-69 
2.17 
2.66 
2.90 

0"765 
0"725 
0"785 
0"770 
0"800 
0-855 
0"875 

0"390 
0-425 
0"439 
0"455 
0-470 
0"480 

0 
0.36 
0.60 
0.85 
1.09 
1.33 
1.45 

0.775 
0.740 
0.720 
0.725 
0.730 
0.755 
0.750 

0-365 
0.400 
0-430 
0.455 
0.470 
0.480 

0 
0.23 
0-38 
0.53 
0.69 
0.84 
0.91 

0.810 
0.785 
0.765 
0-755 
0.750 
0.760 
0.765 

0.360 
0.385 
0.425 
0.460 
0.475 
0.485 

Transition at O. 4c 

T A B L E  12----fi ---- 0 deg 

R =  106 R ~ 2 × 1 0 6  R ~ - 3 × 1 0 6  

o~ - -h  a × 102 - -h)  × 102 co - -h  a × 102 --h~ × 102 co - -h  a × 102 --h~ × 102 

. 

0.73 
1.21 
1.69 
2.17 
2.66 
2.90 

0"91 
0"83 0"400 
0" 83 0" 425 
0"86 0"445 
0"91 0"470 
0"96 0"480 
1"01 0"485 

0 
0-36 
0.60 
0.85 
1.09 
1-33 
1.45 

0.98 
0.83 
0.81 
0.81 
0.82 
0.84 
0.84 

O. 305 
O. 395 
0.435 
O. 465 
0.485 
0.495 

0 0.92 
0.23 0.88 
0"38 0.86 
0"53 0.85 
0" 69 0- 84 
0.84 0.84 
0-91 0.85 

O. 315 
O. 365 
0.410 
0.450 
0.475 
0.485 

13 
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Natural Transition 

T A B L E  13--fi  = 0 deg 

R =  10 6 R = 2 × 1 0  G R = 3 x l 0  G 

o --h~ X 10 2 --h# X 10 2 a~ --h~ X 10 2 --h# × 10 2 o --h~ X 10 2 --h~ × l0  s 

0 
0 -73  
1.21 
1.69 
2 .17  
2"66 
2 .90  

1"08 
0"99 
1"03 
0"99 
1"01 
1-04 
1"04 

n 

0.405 
0-470 
0.480 
0.510 
O. 525 
O. 540 

0 
0"36 
0"60 
0"85 
1.09 
1.33 
1-45 

1.05 
0"99 
0"97 
0 .94  
0"96 
1-01 
0 .98  

0"335 
0.405 
0 .445 
O" 475 
O- 500 
0"515 

0 
0 .23  
0 .38  
0 .53  
0"69 
0 .84  
0 .91 

1.04 
1.02 
1.01 
1-00 
0.99 
1.00 
1.00 

m . .  

O. 350 
O. 390 
O. 420 
0-450 
0-480 
0.485 

Transition at O. lc 

T A B L E  14--fi  = 0 deg 

R-----10 G R = 2 x l 0  G R - - - - - 3 x l 0  G 

o - - t z X 1 0  4 - - t #X10  4 c0 - - t~X10  4 - - t~X10  4 co - - t z X 1 0  4 - - t # x l 0  ~ 

0 
0-73 
1-21 
1"69 
2.17  
2 .66  
2 .90  

1.05 
0 .82  
1-26 
1 "24 
1.43 
1.12 
1.34 

1.01 
0 .88  
0 .82  
0 .80  
0-80 
0"80 

0 
0 .36  
0 .60  
0 .85  
1.09 
1-33 
1-45 

1"04 
0.96  
0 .84 
1.00 
1.09 
1.17 
1.02 

0 .92  
0"98 
0 .99 
1-01 
1.02 
1.03 

0 
0 .23  
0"38 
0 .53  
0-69 
0"84 
0.91 

1" 16 
1 .08 
1.05 
1.08 
1.15 
1.15 
1-17 

0-83 
0-99 
1.06 
1"10 
1.12 
1.13 

Transition at O. 4c 

T A B L E  15--f i  --- 0 deg 

R = 10 G R = 2 x l 0  G R = 3xlO G 

- - t~X10 4 - - t ~ x l O  ~ o - - t ~ x l O  ~ - - t ~ × l O  ~ I - - t ~ ×  10 a 
; 

0 
0 .73  
1"21 
1-69 
2 .17  
2 .66  
2 .90  

1.43 
1.25 
1.06 
1.25 
1-73 
1.71 
1.82 

0 .88  
0.91 
O. 92 
0 .96  
0-95 
0 .98  

0 
0-36 
0"60 
0 .85  
1.09 
1-33 
1-45 

1.09 
0 .99  
0.91 
0 .97 
1-01 
1.09 
1.24 

0 .89  
1.00 
1-04 
1.08 
1.09 
1-11 

co --t~ X 104 

0 1-29 
0 .23  1.14 
0 .38  1.09 
0 .53  1-09 
0 .69  1.11 
0-84 1.15 
0-91 1.22 

0"73 
0"97 
1-07 
1-13 
1"16 
1-18 
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Natural Transition 

T A B L E  16- - f i  = 0 deg 

R =  106 R = 2 X 1 0 6  R = 3 X 1 0  G 

- - t ~ x l 0  4 - - t#×10 4 co - - t~×10 4 - -@×10 4 ~o - - t ~ x l 0  4 --t#X10 4 

0 
0"73 
1"21 
1"69 
2"17 
2"66 
2"90 

1"40 
1"49 
1"37 
1"37 
1"50 
1"52 
1"56 

1-03 
1"00 
0"99 
1"01 
1"00 
1"04 

0 
0"36 
0"60 
0"85 
1"09 
1"33 
1 "45 

1"28 
1" 12 0"77 
1" 18 0"95 
1"29 1"03 
1"32 1"08 
1"32 1"11 
1"25 1" 12 

0 
0"23 
0"38 
0-53 
0"69 
0"84 
0"91 

1"31 
1"30 
1"31 
1-34 
1"34 
1"43 
1-39 

1" 08 
1"11 
1"13 
1" 14 
1" 14 
1"15 

Transition at O. lc 

T A B L E  17- - f l  = - -  8 deg, y = + 12 .4  deg  

R =  10 6 R = 2 X 1 0  6 R = 3 × 1 0  6 

~o - - t vx10  4 - - t ~ x l 0  5 ~o - - t v x l 0  4 - - t~×10 5 ~ - - tv×10  a - - t~×10 5 

0 
0.73 
1-21 
1-69 
2-17 
2-66 
2-90 

1.63 
1.43 
1.41 
1.38 
1.37 
1.37 
1.38 

3.30 
3.47 
3-79 
3-79 
4.35 

0 
0-36 
0-60 
0.85 
1.09 
1.33 
1-45 

0-98 
1.02 
0.97 
0-93 
0.93 
0.96 
0.99 

4.74 
4.83 
4.82 
4.86 
4.85 

0 
0.23 
0.38 
0.53 
0.69 
0.84 
0-91 

0.92 
0.94 
0.91 
0.90 
0.89 
0.90 
0-91 

3"90 
4"14 
4"41 
4"78 
4"91 

T A B L E  18 

R = 106 R = 2×106 R = 3)<106 

co - -h  r × 1 0  2 - -h~×10 a co - -h  v×10 2 - -h~×10 3 co I - -hy×10  2 - -h~× 10 3 
I 

0 
0-73 
1.21 
1-69 
2-17 
2-66 
2.90 

0-336 
0.332 
0.324 
0.326 
0.322 
0.326 
0.333 

0.645 
0.720 
0.760 
0.795 
0.825 
0.830 

0 
0"36 
0.60 
0-85 
1.09 
1-33 
1"45 

0.292 
0.295 
0.289 
0"286 
0.281 
0.278 
0.276 

0.685 
0.720 
0-745 
0.795 
0.830 
0.840 

0 
0.23 
0.38 
0-53 
0.69 
0.84 
0.91 

0.296 
0-297 
0.295 
0.288 
0.286 
0.282 
0.283 

0.565 
0.605 
0.675 
0.710 
0.755 
0.780 
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Transition at O. lc 

T A B L E  1 9 - - f i  = - -  8 d e g ,  ~ = + 1 2 . 4  d e g  

0 
0 .73  
1.21 
1.69 
2 .17  
2 .66  
2-90 

- -hp × lO s --h~ × 10 ~ 

0"815 
0.795 
0"810 
0"845 
0.880 
0.935 
0.965 

R = 106 

( D  

R ---- 2 × 1 0  ~ 

--h~ × lO s 

0 
0 .23  
0 .38  
0 .53  
0 .69  
0 .84  
0.91 

0.405 
0-400 
0 .400 
0 .400 
0.405 
0.405 

0 
0 .36  
0 .60  
0-85 
1 . 0 9  
t . 3 3  
1-45 

--h~ × 10 ~ 

0.860 
0.835 
0.835 
0.855 
0 .870 
0.895 
0.905 

0.425 
0.440 
0.435 
0.440 
0.445 
0.450 

R = 3×106  

] - - h g × 1 0  2 - - h ~ × 1 0  ~ 

0-910 
O. 875 O. 435 
O. 875 0 .'450 
0.875 0-460 
0 .880 0.465 
O. 890 O. 475 
O. 895 O. 480 

T A B L E  2 0  

0 
0 .73  
1 .21  
1.69 
2 .17  
2 .66  
2 .90  

R = 106 

- - ~  X 10 4 

1 . ~  
1.58 
1.44 
1 . ~  
1.59 
1:98 
2 .06  

--t~ × 105 

5.01 
3 .78  
3.31' 
3 .27  
3-31 
3 .28  

O )  

0 
0 .36  
0 .60  
0 .85  
1 . 0 9  
1 . 3 3  
1 . 4 5  

R = 2 × l 0  G 

--t~ × 10 4 

1.80 
1.82 
1.75 
1.85 
2 .02  
1.97 
2 .01 

--t~ × 10 5 

m 

5.13  
4 .84  
4 .83  
4 .92  
4 .99  
5.01 

¢.0 

0 
0 .23  
0 .38  
O. 53 
O. 69 
0 .84  
0.91 

R = 3 × 106 

--t~ × 104 

1.92 
1.89 
1.94 
1-96 
2 .07  
2 .09  
2 .09  

- - t~  × 105 

3 .89  
5.01 
5 .57  
5 .80  
6 .02  
6 .06  
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Tabulated Results " Stabili ty Derivatives 

T A B L E  2 1 - - R  = 10 e 

Transition 

O.lc 
0.4c 

Natural 
0.1c 
0.4c 

Natural 

Aileron-tab 
gap  

Open 
Open 
Open 

Sealed 
Sealed 
Sealed 

al 

4"73 
5"06 
5"16 
4"92 
5"16 
5"27 

m~ 

0"005 
0'025 
0.07 
0.025 
0.07 
0.095 

a~ 

1"92 
2"16 
2"42 
2"09 
2"31 
2"58 

- - m  2 

0" 365 
0.415 
0.475 
0.41 
O" 455 
0.51 

0"44 

0"70 
O. 635 

0.91 

- -~/4  8 

O" 103 

0.169 
O. 147 

0.213 

T A B L E  22- - -R  = 2 X 105 

Transition Aileron-tab 
gap --bl --b2 --b 3 --c3 

O-lc 
0"4c 

Natural 

O ' l c  

0-4c 
Natural 

Open 
Open 
Open 

(R = 106) 

Sealed 
Sealed 
Sealed 

0"06 

(o. 14) 
0" 12 
0"11 

0" 16 

O. 055 

0"07 

0"03 

0"36 
0"42 

0.495 
0.45~ 
0"515 
0.56 

0-08 
0.09 

0"095 
O" 195 
0.28 
0.295 

0"275 
0.38 

0"48 

0"57 

0" 22 
0"29 

0"43 

0"49 
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FIG. 1. Plan of aerofofi showing natural transition at R = 0.94 × 106. 
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