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It was thought that a fine trailing-edge angle would reduce the
edverse effeot of ice acoretion as compared with a blunter trailing-edge,
which was a feature of the original tail, of Ref. 1 for which ice accretion
was found to have dangerous effects on elevator behaviour. Some tests 1n
two-dimensional flow reported herein were oarried out at the N.P.L. to
provide data for the estimotion of the effeoct of 1ce accretion when the
trailing-edge angle of the aerofoil section is changed. The effects of
aspect ratio on the results are computed and plotted in the report.

The results of these tests are disappointing in that for
elevators of 40% chord no advantage can be expected from a finer trailing-
edge angle so far as the effects of large ancretions of ioce on the leading
edge are concerned; but for a 20% flap the finer trailing-edge appears to
be superior, Larger trailing-edge angles, however, give rise to much
larger ohenges in control characteristics due to normal shifts of transition
point on the tailplane and to changes in Reynolds number. Where possible
b4y for a rudder should be negative in view of the risks of ieing.

4. INTRCDUCTION

In Ref's 1 some tests at the R.AE. on a model of o tnilplane
and elevator were reported, in which it was shown that ice accretion on the
leading edge of the tallplane, such as was observed in flight, would lead
to considerable changes in elevator hinge-moment charncterastics. These
chonges took the form of positive additions to by and by which would
increase the denger of uncontrollcble free-elevator oscillations of the
ajreraft in gitch. Since it had been found that o trailing-edge angle of
the order 10° or less led to & very small influence on by and by due
to transition moveuents and Reynolds numberZ, it was considered advisable
to test the effect of trailing-edge angle on the adverse results of ice
ancoretions This was done on N.P.L.1541 section models by two-dimensional
tests,

2. DESCRIPTION OF THE MODEL

Figs. 1a and 1b give the leading dimensioné of the nodel, The
spen of the portion of the model on which the forces were measured woas
4 feet, ond, as the flow was to be two-dimensional, dunyy end pieces of
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1 é" span, with adjustable flaps, were fixed to the tunnel walls so as
to form a2 continuation of the working portion except for clearesnce gaps
of sbout 1/16", The tunnel in which the tests were conducted wes the
7ft4 No. 3:

Eight controls were used for the experiments, four of
approximetely 42" chord end four of 6" chord with the trailing-edge sngles
of 4.5% 9.1°, 15° and 19.2°, The "ice" on the leading edge of the
aerofoil was reproduced in plasticine mounted on a thin wood former
suitable for sttachment to the wing (see Fig. 1¢). The photogreph in Fig.2
shows the nature of the ice represcntation, which is "Ice A" of Ref. 1.

3. RANGE OF EXPERIMENT

Hinge moments throughout the experlments were measured for
control engles of M = 10°, 5° 4°, 3° and 2°, both positive ond
negative as well as for controls at zero settlng. The condations
governing the flow over the wing were os follows:

(1) Smooth wing with no ice and no transition wire;

(2) Simulation of ice on the nose of the wing as shown in Fig, 1c
and in the pictorial represcntation of Pig. 2;

(3) Transition wire of 0.,022" diameter at O.1c from the leading
edge of the aerofoil.

For condition (1) 1lift, pitching moments, and hnge moments
were measured for the full range of control engles at angles of incidence
of =5°, *2°, 2na 0°.

For conditions (2) and (3) sinilor measurements were made at
angles of incidence of +2° and 0°,

For conditions (1), (2) and (3) with zero control angle,
measureisents were made at angles of incidence of 5°, 4°, 3° and 1
positive and negative.

both

4. FPRESENTATION OF RESULTS

Figs. 3 to 10 give values of hinge moment, Cyg , plotted against
control angle n with a = O, and also ageinst angle of incidence a ,
with 1 = 0O for the four different trailing-edge angles., It will be
noted that the hinge moment becomes less negative as troaxling-edge angle
is incrensed and that when E = 0.4 the effect of adding the transition
wire is usually to lighten the oontrol to an extent inoreasing with
increase of trailing-edge angle, except when this angle is very faine:
when E = 0,2, the effect of adding the transition wire is to lighten
the control approximately to an equal extent for all trailing-edge angles.
Ice deposit on leadang edge always reduces the negative hinge uonent,
The change of Cyx due to ice is 1ore clearly shown in Figs. 11 and 42
where it is plotted against change of a ond 1 respectively., 4s
treiling-edge angle of the 407 flap is reduced change of Cyg due to
ice deposit is increased for a given control movement but is deoreased
for o given incidence change, The effeot of ice is somewhat similar
for the 207 flup but 4Cy is markedly smaller,

Figs. 13 to 18 give values of a4 5 8o gy b1 ’ b2 plotted
agoinst trailing-edge angle, T ; aq and b1 are the slopes of the
ourves of 1ift and hinge moment against o , whilst a, and b, are

slopes/
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slopes of similar curves plotted against mn for constant o . The slopes
a, and b, are caloulated, uslng least squares theory, from all

observed values between m = %5° , and also from all observed values
between 1 = +3 Straight lines have been drawn for trailing-edge
angles up to 15°, thls procedure being Justified when the accuracy of the
experiments is taken into consideration, The results for the largest
troiling-edge angle (19.2 ®), which may be more gensitive to the character
of the boundary layer at the trailing edge, do not, however, always fall
into line.

The values of a4, &, , by , b, plotted in Figs. 15 to 18 have
been corrected for tunnel interference. After allowing for tunnel
blockage the corrections* given in Ref. 2 have been applied. They are
as follows:-

(5-1)'
a A L DU L L e L L L L L L LT
! 1+ 0.00570 (a4)' + 0.01670 (mq)*
(b}
by = eemerceca N
1+ D (8y)" + 0,01670 (m1)'
ay = (ap)' - a, |0.00570 (ap)' + 0,01670 (mp)'
by = (by)' - by [OD (ap)! + 0.01670 (my)!
L

where D = 0.,01721, 0.01571 for flap chord ratio E = 0.2, 0.4

respectively, end (aq)' , (by)', (my)', (by)t, (m }' are experimental
9Cy, dCcy 08¢, 0OC 30y ac

velues of === , w== , —m= | we=  =e= o wee respectively ofter correcting
da da Qo dn dn an

for tunnel blockage, C, being given about the quarter-chord position.
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*The oorrections given above -differ from those of Ref. 2 in that
£1 and ﬂ2 are replaced by

1 (m1)‘ 1 (mz)'

- - eE—— oan - - Emmme—-

L (a1)' b (9-2)'
respeotively., Since these corrections were applied, it has been
decided and is now accepted that the interference at the centre of the
tunnel due to the tumnel-wall boundary layer is negllgible. This
means that, in. “the correotions given in Ref. 2, 6® should be zero.
The values of ,a4., 25 4 by , and b2 given in this report are

therefore numeriocally too large, the approximate error being 1.255%
in oy end &, , 1.6% in b, and negligible in by .



5. CORRECTION FOR ASFECT RATTO

In order to apply the two-dimensional results to wings of
finite aspect ratio of rectangular plan~form with full-span controls of
constant flap-chord ratio, E , Garner gives the following relations:

A A 14+ 1 24
(1) —,eeme- = e= 4 wmwem= + 0,032 [ --
8y " A

(24)ere.
82
(2) (az)eff = == (ﬂq)eff.
&4
by a 1+ ay
(3)  memmmee- = 4 | m———- + 0,032 F [ |,
(b1)eff A o A
where F = L4.09, 3.69, for E = 0.2, O.4 respectively.
5 agb, 1 1+
(L) (eadepr, = == (Bydoge, + (Bq)gpp, | P2 = === || ==+ =w=r=-
8.1 0..1 El.' TA

where (a1)eff. , (az)eff. y (b1)eff. y (bz)eff. are the values of the

coefficients for finite aspect ratio, & + 7T' as defined by Glauert may

28 oA\
ke taken to be 00105 -l 0001 - .
8y &9

Using these corrections, curves in Figs. 19 and 20 have been
prepared for E = O.4 and 0,2 respectively in which by and b, are
plotted angoinst the reciprocal of aspect ratio, 1/A . The left-hand
figures show the effect of ice as compared with the values of the
coefficients with "normal" transition at O.ic.; whilst the raght-hand
figures show corresponding effeots of normal movements of transition.

In the latter case the movement of transition is of the order O0,5¢. It
is clear that the effeots of ioce are on the whole of the same order for
finite as for infinite aspect ratio, a2lthough scuwewhat reduced as aspect
ratio decreases. Fig. 19, representative of an elevator flap (L0%)
indicates no advantage in reducing tralling edge ongle from the point of
view of the effects of ice; but the effects of normal movements of
trensition increase rapidly as trailing-edge cngle increases. On the
other hand Fig. 20, for a 20% flap, representative of en aileron,
suggests some advantage in keeping the trailing edge fine.

6+ CONCILUSIONS

It is pointed out in Ref. 3 that the most serious consequence
of the changes in hinge-moment characteristics of elevetor or rudder
resulting from ice acoretion is the inoreasing risk of undamped
oscillations with control free which mey prove uncontrollable and even
dangerous, It is therefore necessary to design with a sufficient
mergin 4n by and b, to eliminate such a riske In Fig. 21 a diagram

is/
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is shown with co-ordinates b4 and b, wvith typical stability boundaries
for control-free oscillations, boundary R for lateral and boundary E
for longitudinal oscillations. The change in the characteristioc point

of the elevator due to icing of the tailplane of Ref. 1 is shown in the
figure. Starting from o representative "safe design" point P the icing
effects deduced from the present series of experiments are also shown,

It is apparent that if the design by is the maxiuum permissible positive
value, the small traaling-edge esngle presents a rather worse case than

the large angle with regerd to the adverse effeots of icings There is

o strong argument for avoiding a positive value of by for the rudder in
view of the fact that the boundary R is invoriably on the negetive side
of the by axis. Faigure 21a shows the effeet of icang given by the

Rer E. tests on the same sections but with o partial span flap on a finite
span wing (aspect ratio 2.7).
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