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SUMMARY

R,A B, Technical Note No, Aero.18783 gave recormendations on
values of bl and by to allow for icing effects on the leading edge
of the main surface. These were based on tests of a Viking teil-
plane {T.N.1875)% with 22° trailing edge angle and t/c = 16%. Fur-
ther measurements at the N.P,L.2 for a range of trailing edge angle
with thickness-chord ralic constant at 156 chowed that reduction of
trailing edge angle gave no reljef,

The present note describes sests on a tailplane vith a thick-
ness-chord retio of 9% and trailing edge angle 12°.  They show that
reduclion of thickncss has 1ittle effect and that the rccommendations
of Tech,Note Acro 18783 st1ll apply. It 1s cmphasiscd, however, that
the effects of transition movemoent on bp arc of great importance,
sespoccially ot large trailing edge angles.
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1 Introduction

R.AE, Tscnnical Note No. Aero.1875l gave resulys of measurements
on the effect of simulated ice accretion on control hinge moments for a
Viking tailplane, The tnickness-cnord ratio was 166, the trailing edge
angle 220 and the aspect ratio 5. The tests did not distinguisn between
tne effects of ice and of transition movement, nor was the transition
point fixed during tne tests,

The question arose whether the ice effects would be smaller on
controls with smaller trailing edge angles, Tests in two dimensional
flow were made at the National Pnysical Laboratory on a 15% thick wing
with a series of controls of various trailing edge angles., Tnese tests
are described in "Curreat Puper Iig L2V,

In addition, a furtner test nas been made at R,A.E, on an existing
model tailplane with 9% tnick section, 12° trailing edge angle and aspect
ratio 3 to find the eoffect of reducing tne tnickness-cnord ratio as well
as the trailing edgec angle,

The results of tnese latest tests are given in this note and com-
pared with tnose from the two earlier series,

2 Details of model and tests

Relevant details of tne model are given in Table T and a general
arrangement drawing in Fig.l. The two parts of thne elevasor were joined
by a torque rod, freely hinged on ball bearings, tne nings moment being
measured by the tension in a wire avtvacned to the elovator by a sting.

Two types of ice accretion were rcpresented, called 'A' and 'BY
as in Ref.l, These are illusvrated in Fig.2, The extent of ice 'A',
the cnordwise position of ice 'B', and the whickness of ice 'A' and ice
'B' medium measured from tnc tailplane surface were mede the same fractions
of local wing chord as in Ref.l, 1In addition, two other sizes of ice 'B!
were tcsted.

The tcsts were made in the No.l 11% x 8% ft tunnel at tne Royal
Aircraft Esteblishment during August 1948, The wind speed was 120 ft/sec
giving a Reynolds number of 1.8 x 100 based on the mean chord of the tail-
plane, The measurcments consisted of readings of lift and hinge moment
for a range of control angles (1° intervels) at zero incidence and for a
range of incidence (1° intervals) at zero control setting. These tests
were made with the four ice representations and also for two condations
without 'ice!, the transition point being fixcd by mcans of a wire at 10%
end 30% chord respectively.

3 Results and discussion

The hinge moment coefficients are snown in Fig.3 and the cnenges
caused by 'ice' compared with a datum with transivion at 10% chord are
given in Figs.k end 5. Values of aj, a,, by, and bp are summarised in
Table TII. .

Tne following table glves tnc changes of by and by caused by
transition movement and by ice.

/Table



Change | Change

of bl of b2
Cnange due %o movement of +0 015 +0.020
transiticen point 0,3¢ to O,le ) ’
Additional cnange due to Ice A +0,047 | +0,035

" i u " Jce B (small) +0,050 t +0,020
1 " " ¢ Jce B (medium) | +0,087 | +0,023

n n W0 Tge B (large) | +0.101 | +0.032

The effects of Ice 'A' are plotted in Pig.6 and compared with tne
Viking tests (Ref.l) and the ¥,P.L. tests converted to an aspect ratio
of 3 (Ref,2) for comparison with the present tests, No aliempt nas been
made %o correct the Viking resulis for aspect ratvio, since neitvher the
1ift slope nor the transition position is known, Fig.6 snows that tne
change of by on the present tailplane (9% thick) sgrees with the N,P.L,
results (15% vhick) whilst tne present change of by is somewhat larger.

As far as can be seen, the Viking test results fit in reasonably
well if it is assumed that tne transition point withouv ice was at about
20% chord,

Fig.6 also shows tnat the safety allowance of 0,055 on b2 suggested
by Morrisj should still apply at any rate for trailing edge angles dowm ‘o
10°.

Allowance should, nowever, be made for possible movement of trans-
ition point, especially atv large trailing edge angles vhere tne cffect of
transition movement on by may be even greaver tnan tnat of ice acoretion.

As in tne Viking tests, the change of by caused by 1ce 'B! is grealer
than that caused by ice 'A', vmilst tne cnange of b, is rather less, The
effect of varying tne size of ice 'B! is to change Ebl almost linearly
with the ice dimension, but Abp is much less affected.

L Conclusions

The combined resulis of the present iests and the N,P,L, results
in Ref,2 show tnat tne recommended values of by and bp o allew for iciuy
effects (see Ref.3) still apply wnen tne trailing edge angle is reduced
(dovm to 100 a} least) and for tailplanes of thickness-chord ratio down
to 9%, The resulss also show that as large trailing edge angles, the
effects of transition movement on by are more importent than inose of
ice accretion.
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Taiyglane:—

TABLE I

Details of model tailplane

Area,

Span

Mean chord

Chord at centre linc
Cnord av ‘tip

Aspect ratio

Section

Elevators (total botn sides):-

Area
Span
Mean cnord (aft of hinge line)

Elevator cnord + local tailplane chord
Area forward of hinge + arca aft of ninge
Trailing edge angle

(aft of hinge line)

For details see Fig, 2.

TABLE T

9% thick at
0% chord

3,65 sq.ft
5.50 £t
0.663 £t
31%

31.7%

120

Measured values of 1ift and ninge moment derivatives

(Volues of a1, a, and b

defincd over 0°-59; by over 0°-2°)

2
Condition a1 o bl b2
No ice. Transition wires at 0,30 3.21 1.51 ~0,100 -0,34C
No ice, Transition wircs at 0.le 3.48 1,38 -0.087 -0,320
Ice A 3.15 1,28 0,040 -0, 285
Ice B ~ small 2,9 1,26 0,037 -0,300
Ice B -~ medium 2.98 1.26 0 ~0,297
Ice B - large 2.9 1,10 +0.014 -0, 288

6.
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FIG. 2.
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FIG. 5.
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FIG. 6.
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