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SUMMARY

Experiments have been made in a wand tumnel to determaine the
minimum size of end plate which would be effective in producing
approximately two-dimensional flov conditions past on aeroforl at low
incidence.

It 18 concluded that the 1ift dastraibution at the centre
section 1s obtained within 10% af

(1) the end plates are at least g-c 1n chordwisce extent,

(2) the height of the end plates is at least 2c above and below
the centre line.

BEnd plates on the pressure surface only are ineffective, but
on the suction surface only they may over-correct so as to give 1lift
in excess of the two-dimensional value.

Experiments wath inboard plates showed thnt two-dimensional
conditions could only he obtained if they were placed on both surfaces.
There was no reduction in the height of plate for which 90% of the
two-dimensional 1ift was obtained.

The veriation of effective aspect ratio with size of plate
1s considercd. Theoretical and rough experamental aspect ratio fectors
are confirmatory,

1« Introduction

The end plates used for earlicr Whirling Arm experaments on
o rectangular wing of 48 in. span ard 18 an. chord werc 12 in. high
and 27 in. long in a chordwisc darection.

It wos found thet two-dimensgional flow could not be simulated
under the conditions of steady pitching. This conclusion was supported
by the theory of Refed (Klichemann and Kettle, 1951), which suggested
that the effcct of these cnd plates would be to inercase the aspecet
ratio by a factor of 1047, that is from 2.67 to 3.92.

In order to decide the size of end plates, effective in
producing approximately two—dimensional flow conditions at thc centre
scction of the wing, cxpcriments were made in the NeP.Le. 7 't Noe3
wind tunnels
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2¢ Dotnils of Model nnl Tosts

The model used for the wind tunnel experiments was the one
on whach the Whirling Arm experiments hod been made; it had = chord{c)
of 18 in, and a span (b) of 48 1n. In order to have a standard wath
which to compare the results obtained by varyaing the size of cend plates,
the span was made up to the full breadth of the 7 £t tumnel and the
rressurc plottod ceontre sechion takeon to represent two-dimensional
condrtions.

The end plates were made in scctions so that the height
could be varied in steps of 6 in. sbove or below the centre Jine of
the wing section, Initially the plates were 36 in. wide projecting
6 ine forvard of the leading edge anmd 12 in. behind the trailing cdge.
The length was subscquently reduced to 24 1n. with projections of 3 an.
forward and bchinds The spanwise position of the plates was elso
veried from the end positions, 48 in. apsrt, to symetrical inboard
positions 2 in. spart.

The modcl wos assumed to be at zero angle of incidence when
its attitude to wind was such that the pressures on the upper and lower
surfoces at Ce10c from the leading edge were equal., As therc waa
limited {ame awvailoble, the experiments were confined to an incadence
of @ = 2°% Complete pressure plotting of the saction was done for
particular cases only; for the remainder, pressure differcnces between
upper and lower surfaces were taken at the two stations at 0.10c and
Oe65cse Table 1 gives o 1list of the experiments made, except for the
pressure measurement at O.65c, the resulis of which have been omitted
as they confirmed those at CalOce

Zs1 Results

Figel shows the pressure plotting resulis for 2° incidence in
the two-dimensional and three-dimensionsl cases without end plates.
The integrated lift coofficients (Cp) are G.218 and 0,12: respectivelys

End plates 36 1in. wide coxtenling from roof to floor of the
wind tunnel were then placed zn position at the tips of the 48 in.
span model;  Fige2 gives the pressure distribution curve which is
integrated to give O = 0,208 being just over 95% of the value obtained
from the two~dimcnsional models

ig.% showz the distribution when the end plates are moved to
symmetrical inboord positions 24 in. apart. The value for Oy =0212 was
close to the two-dimensional one of 0.218.

Removing the plates from the lower or presswre surface of the
wing gave a distribution shown in Pig.. and a value of Cp, = 0,198, a
relatively small reduction from Cp =0+212 for the complete plates.
These results suggest that plates placed on the suction surface of the
wing have more cffect than those on the pressure surface.

Lol Effect of Width of End Plates

For practical reasons it is desirnble to keep the size of
end plates as spnll as possable and the effect of reducing the width is
seen by comparing the results showm in Fig.2 with those of Fige5, the
width of the plates having been roduced from 36 ine to 24 ins This
reduction 1n width resulted in only a small drop in Op, from 0,208 to
0s202 vhich is 93% of the two-dimensaonal values

4e2 End Platos of Voraablc Height

As it would have token too long to investigate the effect
of varying the height of the end plates by cosplete pressure plotting,
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it was thought sufficient for a rough indication to take pressure
differences between top and bottom surfaces at o distance Oldic from
the leading edgc. The results are plotted against height of end plate
in Figs. 6 and 7 for emd platcs of 36 in. and 2; in. chord
respectively.

It is not claimed that these curves give more than a very
epproximate indication of the effect of ond plotes. From Pigs. 6 and 7
it appears that plates at the wing tips on the upper surface only
over-correct, having more effect than the complete end plates. This
unexpected result is supported by the fact that end plates on the lower
surface only produce 2 slight loss of 1ift.

Le3 Effcct of Spanwise Position

Fige 8, when compared with Fig.6, shows the effect of movaing
the plates inboard so that they arc spaced 24 in. apart or 12 in. from
cach wing tip. It will be seen that complete plates produce
approxamately the same effect as when they are placed at the tips of
the wing. Howgver, when the half plates are moved inwards, the upper
plates have less effcct and the lower ones much more, so that the
upper and lower plates become of approximately the same amportonce.

5« Comparison with Theory

Kichemann and Kettle! give theoretical curves to show the
influence on offective aspect ratio (4/k) of variation of height of
¢nd plates.

The following rough procodure wrs used to comparc the
experimental resulbs with colculations of Ref.1. Rig.9 was Tirst
drevm by plotting the pressurc differeaces ot Ouic for infinide aspe%t
ratio and for the three-dimensional wing without ond plates (A = ;) s
and by supposing (p, - Pl) to be lincar in 1 /Ae, where As; 1is
the effective ospect ratio. The prossure differencesin Pigs. 6-8 were
thus rclated to aa effective 1/4, = k/A = 3k/8 ond the quantity
k  wag plotted tc give the full curves in Figs. 10-12.

1%t 15 pounted out that Refed predicts identical curves for
upper plates and for lower plates alone. With plates at the tips of
the wing the prosent experimentzl results cast some doubt on this
simplifying assumption as will be seen from the curves of Figs,10 and 11,
However, the results with complete ond plates arc of the order predicted
and. support the theoretical trends. Closer numerical agreement could

have been obtained, bad a more precisc procedure becn used to deduce
the factor «,

The theoretical curves for inboard plates have been obtained
from Ref.2 (Mangler and Rotta, 19,7), from which the curves of Fig.d
of Ref.1 were token, The aspect ratio factor (k) is given for values
Of&-]/bz up to 0.5 for completc plates and 1.0 for half plates. The
value of 2b1/b2 for -the tunnel cxperaiments was 1.0; the theoretzenl
curve for complete plates showm in Fig.12 was therefore obtained by

extrapolation and that for half plates was taken direct from Fig.12 of
Ref. 2.

6. Conclusions

The cxperiments indicate that the cnd platces of chordwise
extent Lo/3 are satisfactory. If the plates are placed at the tips of
the wing on the suction surface only, it oppears that they will have
slightly morc effect than complete end plates. Xf, however, they arc
moved inboard the half plates arc only partially cffective. In order
to obtoin 2 11f% cocfficient of at lcast 90% of the two-dimensional
value, the height of the tip plates need not excecd 3b/k on the suction
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surface and 3b/l. on ezch surface in the case of the inboard plates.
These results apply when the agpect ratio A = g- « In general, the
minimum ratio h/b 111l decrease rapidly with increasing aspect ratio,
while the ratio h/c will decrease Trirly slowly. As a general criterion
it is deduced that the desired 1laft is obtainsed within 105, provided

that the total height of erd plate exceeds h = A%c = Lo,
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TABLE I

Summary of Fxperiments

Pressure Chord of Vertical Span Distance

Measurcment Plrte of Plate + Between Platoes Cn Fig.

1 Complete - - ' - 10,218 . 1
(2-dim) -
2 Complote - - . - Qa2 1
(3-dim)

Complote 36 ine  =2ine to+2ine 45 1m. 0,208 © 2

4 Complete 36 ine  ~42ine. to+h22n, | 24 1N 0.212 3

5 Camplete 36 1n, 0 to+HiZin. - 2. ine 0,198 L

6 Complete 24 1n,. -421n‘. to+4-2in. 48 ine 0.202 5

7 Oulc 36 1na -z to +z . 48 in, - 6

8 O.1c 36 1n. 0 to +z 48 1n, - 6

9 Ouic 36 1ne <4211, to +z L8 in. I - 6
10 O.1c 36 in. -z to O 48 in, - 6
11 O.1¢c 2y 1n. -z t0 +z 48 in, - 7
12 Oulc 24 in. 0 to +z 48 in. - 7
13 0.1c 2p. 1n. -:552?.n- to +z 48 in. - 7
s Oulc 24 an, -z 4o 0 48 in. - 7
15 Ouic 36 1n. -z to +z 2, in. - 8
16 O.1c 36 ine 0 tc +2 24 in, - 8
17 O.1c %6 in.  <.2in. to O 24 1N, - 8

NOTE -z denotes that half plates have been built progressively

Prom O to 42 in. below ihe lover (pressurc) surface.
+z denotes that half plates have been hullt progressively
froem O to 42 1n, sbove the upper (suction) surface.
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Height of end plates above and/or' below chord line (in).
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Table | Arrangement of end plates TN,
Cases 7,1l —o— Complete (above and below ) RS
Cases 8,12 --e-- Half (upper only)
Cases 9,13 ——t=— Variable upper Full lower
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Effect of varyng height of end plates on pressure differences

at 01c, a=2deg




Flc. 8.

Hefght of end plates above and/or below chord line (m)
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Table | . Arrangement of inboard plates

Case 15 —o— Com Fplete (above and below)
Case /6 — - — Hal (upper onlg
Case |7 x  Half (Jower only)

Effect of varying_height of end P!ates on_pressure differences
at 0-lc, a=2deg.
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Half plates ( lower only)

36 in wide end p!ates

/‘54%,/\ '/K = aspect ratio factor
\ 66@ h = height of end plates
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Half plates (lower OM/

24 n wide end plates.
S \ : / K = abpect ratio factor
C/// h = haght of end plates
\1\ %‘3\ b = wfng span
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A \o\ /end plates 6(\’
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h/y

f\_spect ratio factor.




2 36 in _chord Pfates I21n inboard from
wing _tips
I 0 ----:"...__--. _\ \ I h
=T 1 /Complete plates '-b' i | | ik |
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N\ b
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VTN } [ Half plates — — —Theory , ref.l.
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