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Summary.--Previons measurements at  high speeds made in the 12-in. Circular High Speed Tunnel of the lift, drag 
and pitching moment  for an aerofoil with elevator have now been repeated for lift and moment  with the gap between 
aerofoil and elevator sealed. I t  was found previously tha t  there was no serious loss of control until a Mach number  of 
M = 0.75 to 0-78 was reached and this result has now been found to hold good for the " gap sealed " condition. 
Above M = 0 .78  the control, as measured by  a 2 ( =  ~Cz/~) falls rapidly, reaching one half its low-speed value at about  
M - - - 0 . 8 1 .  T h i s r e s u l t h o l d s g o o d w h e t h e r t h e g a p i s s e a l e d o r n o t .  Wi th  the gap unsealed, a2 was practically independent 
of Maeh number  at a value 3 .0  from M = 0.45 to 0 .73  ; with the gap sealed the value of a~ approximated to the value 
3.6/~/(1 - -  M2), following the Glauert formula, over the range M = 0- 4 to 0.7.  The effect of sealing the gap is to increase 
a~ by 40 per cent. at M = 0 .4  and 60 per cent. at  M = 0.7.  

Introductioni~It had been suggested that  compressibility effects on a tailplane elevator may 
be such as to cause serious loss of longitudinal control. In a report by Hilton, Pruden and 
Hyde 1 (1941) it was shown that  at M = 0.8 the lift of NACA 2417 was almost independent of 
the angle of incidence over a range of several degrees : it was thought possible therefore that  a 
tailplane elevator might be insensitive to elevator angle. 

Force measurements were therefore made on an EC 1240 symmetrical section aerofoil with a 
hinged flap, representing a tailplane and elevator. The elevator chord, measured to the hinge 
line, was 40.5 per cent. of the aerofoil chord. The tailplane incidence was varied by altering the 
incidence of the whole model, and the elevator incidence was set relative to the tailplane (Hilton 
and Knowle#, 1941). There was a gapbetween aerofoil and elevator of 0.01 chords. Results 
have been published for this condition (Hilton and Knowler 3,4, 1943) but it has recently been 
found that  the effectiveness of the elevator is increased by sealing the gap, especially at high 
speeds. Measuremen.ts were repeated therefore with the gap sealed, the results being given in 
this report. Moment results as well as lift results are quoted in full as such data are required 
for the study of the stresses produced by aileron operation at high speeds. The drag of a tailplane 
is of secondary importance, so no further measurements on drag have been made. 

Experimental Details.---The shape of the aerofoil is given in Ref. 5 and details of the model 
are shown in Figs. 1A, 1B and lc  of this report. The elevator was attached by mearts of hinges 
+¢hich were sunk into the aerofoil and (except where they bridged the gap between elevator and 
aerofoil) were finished flush with the aerofoil surfaces. 

The gap was sealed with plasticene which was blended to the adjoining surfaces. The elevator 
angle setting was altered by adjusting the grub screws A and B (Fig. 1B) which hold the elevator 
in position. The angle setting was deduced from measurements of the displacement of the 
trailing edge at right-angles to the chord. For this purpose, fine paiallel scratches were ruled 
at the ends of the trailing edge and on to the end pieces in positions C and D (Fig. lc). Measure- 
ments were made to the nearest 0.001 cm. with a travelling microscope at fixed distances along 
the end-pieces as defined by scratches (E, F and G) ruled at right angles to the trailing edge. 
The trailing edge by accident was slightly bowed in manufacture, the direction of the bow being 
such that  the angle of setting, ~, at the centre was about ½ deg. less than at the ends. 

* Includes A.R.C. 804! and parts  of A.R.C. 6532 and 7026. 
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The  tests  refer to  an aerofoil of infinite aspect  ratio,  since the  aerofoil spanned  a closed tunne l .  
The  end-pieces into which the  aerofoil was bui l t  were near ly  flush wi th  the  t unne l  wall when  
the  aerofoil was in posi t ion and  the  gear for chang ing  the  incidence and  e levator  se t t ing  and  
t ha t  for measur ing  the  force on the  aerofoil were outs ide  the  tunne l .  Correct ions were appl ied  
for the  non-col inear i ty  of the  wind  direct ion and  the  axis of the  t unne l  and  for the  cons t r ic t ion  
of the  flow- be tween  the  model  and  the  t unne l  walls. The  cons t r ic t ion  correct ion lnay  possibly  
be in error  when  big shock waves  are gene ra t ed  by  the  mode l  at  ve ry  high speeds and  this error  
m a y  affect the  results.  No correct ion was appl ied  for the  effect of h u m i d i t y  of the  air, nor  for 
end effects where  the  aerofoil passes t h r o u g h  holes in the  t u n n e l  wall. 

Measurements  were m a d e  over  a range of e leva tor  set t ings  a p p r o x i m a t e l y  --  6 to  -- 7 deg. and  
for a range of angles of incidence -- 6 to + 6 def .  To reduce the  t ime  involved  in mak ing  the  
measu remen t s ,  which  was considerable,  ~ set t ings  be tween  0 and 3 def .  were o m i t t e d  : th is  was 
justif ied by  the  smoothness  of the  results  for the  gap  unsealed  condi t ion  in this  region. The  
absolute  values  of angles of incidence at which  m e a s u r e m e n t s  were m a d e  were a p p r o x i m a t e l y  
0, 2, 4, 5 and  6 def .  All the  readings were repea ted  wi th  the  aerofoil  reversed end  for end,  
the  difference be tween  the  resul ts  being emp loyed  as usual  to deduce  the  correct ion for non-  
col ineari ty  of wind  direct ion and  t unne l  axis. Af ter  the  appl ica t ion  of this  correct ion,  the  results  
for the  aerofoil facing each way  in t u r n  were found  to agree closely so it was cons idered  un-  
necessary  to  give results  for the  two direct ions separate ly .  If  the  aerofoil plus  e levator  were 
per fec t ly  symmet r i ca l ,  results  for lift and  m o m e n t  for an e levator  set t ing,  ~j, would  be the  same 
as for a set t ing,  -- ~j, wi th  the  signs of CL, Cm, ~ and  Jl changed.  The  ex ten t  to which the  asym-  
m e t r y  affects lift is i l lus t ra ted  at M -  0"5 in Fig. 17 which  is s imilar  to Fig. 25 of Ref. 3. I t  
refers to the  gap-sealed condi t ion.  

The  " a e rodynamic  " zero for lift was ob ta ined  by  d i sp lacement  of one set of curves  la tera l ly  
unt i l  the  best  ag reemen t  be tween  the  two was ob ta ined  ; it was found  to be 0 . 5 3  deg. relat ive 
to  the  " geometr ica l  " zero which  was decided by  the  manufac tu re .  The  d e t e r m i n a t i o n  of the  
ae rodynamic  zero for m o m e n t  results  was made  by  displacing the  C .... Jl curves  unt i l  C,, was 
zero for c~ -- 0 deg. and  ,~ -= 0 deg. I t  was 0 . 8  (leg. relat ive to the  geometr ica l  zero. The  fact 
t ha t  it is greater  t han  for lift is not  surpr is ing since m o m e n t  is more  sensi t ive t h a n  lift to c a m b e r  
near  the  t ra i l ing edge. Values of ~j g iven in this  repor t  are t aken  f rom the  ae rodynamic  zero. 

The  final results  in Figs. 2-12 are the  mean  of resul ts  for posi t ive  and  nega t ive  e leva tor  se t t ings  ; 
since the  mode l  is reversed end for end  for both  posi t ive and  nega t ive  set t ings,  each curve  is in 
effect the  m e a n  of four sets of observat ions .  

The  work ing  sect ion of the  t u n n e l  was modif ied be tween  the t ak ing  of the  results  wi th  the  
gap open and those wi th  the  gap c losed;  in the  la t te r  case the  leakage round  the  ends of the  
aerofoil  was greater .  Repea t  measu remen t s ,  however ,  m a d e  wi th  the  gap ()pen af ter  the  t u n n e l  
was modif ied  showed tha t  increased leakage has no t  affected the  results  to any  appreciable  
ex ten t .  

Res~dts for  L i f t . - - T h e  usual  m e t h o d  of p resen t ing  lift results  in the  form of a " carpe t  " as a 
func t ion  of incidence and  Mach n u m b e r  has been adopted .  In  the  present  repor t  three  variables 
are involved,  viz. : incidence,  ~, Mach n u m b e r  and  e levator  se t t ing  ~l. As the  most  i m p o r t a n t  
fac tor  in the  work ing  of an e leva tor  or an aileron is the  relat ion be tween  lift and  control  se t t ing  
the  results  are presented  in the  form of a " carpet  " for two var iables  M and  ~?, a separa te  
" carpe t  " being given for each value of c~. 

The  effect on the  lift coefficient of sealing the  gap  is at once apparen t .  The  e leva tor  stall 
which began  at  a -- ~j --  4 deg. has been r e m o v e d  and  at the  same t ime  the  slope of the  curves  
and  hence  the  effectiveness of the  e leva tor  has increased not iceably .  

W h e n  ~l -- 0 deg. and  the  gap  is sealed the  resul ts  should  be the  same as those for an EC 1240 
model  wi th  no elevator .  I t  is therefore  reasonable  to m a k e  a compar i son  be tween  these two  
sets of results  ; th is  has been done for lift resul ts  in Fig. 12. The  good ag reemen t  furnishes a 
check on the  cons t ruc t ion  of the  models  and  the  cons is tency  of the  results.  

Results for  M o m e n t . - - T h e  m o m e n t  coefficients abou t  the  quar te r -chord  poin t  are shown in 
" carpet  " form in Figs. 7-11, a separa te  " carpet  " be ing given for each angle of incidence. 



Comparing Fig. 7 of the  present report with Fig. 2 of Ref. 3 it will be seen tha t  for the moments  
at ~ = 0 deg. the C,~ curves in the neighbourhood of ~ = _+ 5 deg. are not curved when the gap 
is Sealed. 

Results for Drag.--The C~, ~7 curves are given in Figs. 18-22, which are the same as Figs. 19-23 
of Ref. 3. The exact form of the curves for M = 0"85 is uncertain owing to the rapid variat ion 
of C'D with M at this speed ; the curves are therefore shown dotted.  

Results for Lift Slope.--In Fig. 13 are graphs showing the relation between a2 ( =  OCL/~) and 
Mach n u m b e r ;  curves previously obtained for the gap unsealed condit ion are also given for 
comparison purposes on the same vertical scale. The increase due to sealing the gap is obvious. 
For  speeds up to M = 0.75 the  value of a2 is tha t  found from the straight  port ion of the  C1., ~t 
curves. For  higher speeds where the CL, V curves are far from straight  a mean slope has been 
taken. At the highest speeds the est imation of this mean is admi t ted ly  difficult but  it can be 
seen tha t  the value of as can be altered considerably wi thout  appreciably affecting the torm of 
the  a~, ~ curve. In Fig. 14 are given the as ( = OCL/Oc~) curves in a form similar to that  of the 
curves of as against M. The remarks about the derivat ion of the values of as app ly  mutatis 
mutandis to tile derivation of the values of al. 

The results in Fig. 13" shew tha t  as the  speed increases it becomes increasingly impor tant  to 
seal the gap if the  highest elevator effectiveness is desired. The value of as is approximately  
constant  at 3 .0  wi th  the  gap open, which suggests tha t  the  effect of the gap is to nullify the 
Glauert rise in lift. Wi th  the  gap sealed the  curve very approximately  obeys the  law 
a~ = 3 .6  (1 -- M2) -~/~ over tile whole range of the incidence tested. The loss of elevator effective- 
ness (as measured by  a~) was 40 per cent. at M = 0 .4  and 60 per cent. at M = 0 .7  respectively. 
The value of as extrapolated to low speed is 3 .6  with the  gap sealed, representing a 25 per cent. 
increase over the extrapolated value 3 .0  for the gap open and is closer to the theoret ical  value 
for a th in  plate with flap given by Glauert in R. & M. 10956 (1927). 

From Fig. 14 it can be seen tha t  sealing the gap has very little effect on a~ ; the curves gradual ly 
rise to a max imum between M = 0 .7  and 0.75 and rapidly fall as the  speed is increased just as 
wi th  the gap unsealed. The m a x i m u m  of as occurs at a slightly higher Mach number  and the 
fall is considerably less violent than  tha t  of a~. The unequal  effects of sealing the  gap on as and 
al is reflected in the  a~/a~ against M curves given in Fig. 16. The low-speed value 0-72 can be 
co'mpared with the theoretical  value given by Glauert 6, (1927) 0.75, for the same hinge position, 
and with the  low-speed results found from atmospheric  tunnels  0 .68 (Bryant  8, 1942, Fig. 2). 
The effect of sealing the  gap has therefore been to improve the  agreement  betweeen theoretical  
and exper imental  values. This is to be expected as flow through a gap is not  allowed for in 
Glauert 's  analysis. 

The atmospheric tunnel  result with a very small gap which was open lies midway between the 
M = 0 .4  high-speed tunne l  results for gap open and gap sealed positions. 

Results for Moment Slopes.--The variat ion of OC~/O~ with Mach number  at various angles of 
;incidence is shown in Fig. 15. The effect of sealing the  gap can be seen, m general, to result 
,m an increase in the absolute value of ~C,~/~. Above M = 0.75 the effect of sealing the gap 
does not appear to be consistent,  as at 0 and -- 2 deg. the absolute value of ~C,,/~ is increased, 
while at --  4 and --  6 def.  it is decreased. The value of ~C,,/~ at these high speeds, however,  is 
subject to considerable error due to the  wide depar ture  of the C,,, ~ curves from linearity. 

Conclusions.--The main conclusion to ~e drawn from previous results with the gap open was 
' tha t  the  sensit ivity of elevator and aileron controls should not be appreciably affected unti l  a 
Mach number  of M ---- 0 .75 to 0.78 is reached ; above this speed a~ fell rapidly reaching one half 
of its low-speed value at about  M ---- 0.81. Wi th  the gap unsealed, a2 was practically independent  

* There is some difference between the present curve for OCL/O~ at zero incidence and the corresponding curve in 
Ref. 4. This arises from the fact tha t  in Ref. 4 measurements  were made at zero incidence only ; in the present results 
measurements  at other incidences were made and the results smoothed. 
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of Mach number at a value 3.0 from M = 0.45 to 0.73 ; with the gap sealed the value of as 
approximated to the value 3"6/V'(1 -- M s) thus following the Glauert formula over the range 
M = 0-4 to 0.7. The effect of sealing the gap is to increase a2 by 40 pe r  cent. at M -= 0.4 
and 60 per cent. at M = 0.7. 

Applicability of Results to Flight Conditions.--It should be noted that  results obtained on the 
electrical balance in the 12-in. Circular High Speed Tunnel have not the same accuracy when 
applied to flight conditions as those obtained in the atmospheric or compressed-air tunnels. 
Among the errors which may arise are those due to (a) possible breakaway of the flow at the point 
where the aerofoil passes through the walls of the tunnels, (b) the presence of condensed moisture 
in the air which is not allowed for in the calculation of tunnel speed and (c) difference between test 
and flight Reynolds number. (The Reynolds number of the present tests in the High Speed 
Tunnel with 2-in. aerofoil varies from 0.5 to 0"75 millions.) 

One of the effects of (a) is to increase the measured drag of the aerofoil over a range from 
about M = 0"55 to the shock stall as shown by comparison with the results of pitot traverse ; 
also the drag coefficient in general increases more rapidly with speed than does the corresponding 
curve obtained by pitot traverse methods. The effect of (b) is to cause an under-estimation 
of the speed by an amount which increases progressively with speed and for which an estimate 
is 2-4 per cent. at M = 0" 8. With regard tp (c) there may be quite a marked scale effect on 
the breakaway. These results are put forward, however, with the knowledge that  it will be 
some time before suitable tests can be carried out at full scale values of Re and M on a tailplane 
elevator. It should be pointed out that  the ordinary stall on plain aerofoils without elevators 
tested in the High Speed Tunnel occurs at an unusually low incidence. Thus NACA 0020 stalls 
at 10 deg. according to the High Speed Tunnel results published by Hilton 7 (1946), Fig. 10A. 
This may be an effect of compressibility or of the tunnel on the breakaway. 

The observations and the laborious work of their reduction were carried out with the assistance 
of several members of the staff of the High Speed Tunnel. 

No. 

1 

2 

3 

Author 

W. F. Hilton, F. W. Pruden and Miss G. A. M. 
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W. F. Hilton and A. E. Knowler . . . .  

W. F. Hilton and A. t~. Knowler .. 

4 W . F .  Hilton and A. E. Knowler .. 

5 Staff of the N.P.L. High Speed Tunnel 

6 H. Glauert . . . . . . . .  

7 W . F .  Hilton . . . . . . . .  

8 L. W. Bryant . . . . . . . .  
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