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1. Introduction. ML

heach of the following aircraft heve been~§igggiat this Establishment
with and without wing tips:-

Spitfire Vs,
Spitfire IX
Spitfire XIls,

£.£.937 end 4£.B.186,
B.5.139.
L.N.221 and E.N.222,

In eddition e Seafire III has been flown with and without wing tips.,

This repo~t sums up the principal features of the two conditione, end
includes remarks on bo.h hendling and performanee, Some performance results have
already been issued (sve 44th part of Report Ho. 4h.& L£.1.E./692,i,) but are
reiterated again to complete the comparison.

2.

Condition of aircraft -elevant to tests.

2.1, Genersl. The main feafures of the aircraft tested are

given in the
following table. :

~ark Vb VB IX XII X11
lumber 54937 £,B.166 B8.5.139 L.N,221 L.N.222
Ingine Merlin 45 Herlin 46 | hierlin 61 Griffen II| Griffon II
.ropeller D.H.45/4 kotol Rotol Rotol Rotol
RXS/10 R3/4F5/3 R13/4F5/6 R13/4F5/6

ings Normsl Vb. | Normal Vb. | Universal Universal | Universal
. rmament 2x20 mm.guns| 2x20mm.guns | 2x20mm.guns | 2x20mm, guna | 2x20mm.guns
! 4x 0.303" " [ 4x 0.303" " |4x 0.303" " | 4x0.303" " | 4x 0,303" "
‘Unusueal features - Hodified - - -

horn bal-

enccd elev-

ator

Leach of these eircraft were flovm with normsl and clipped wings.

When

clipped, the wing rpan was reduced from 37 ft. to 32 ft, 6 in., and the wing area

from 242 sq.ft. to 31 sg.ft,

£ plan form end photogra

were given in the 4€th part of Report No. [,& £.0.1./692,i.

2.2,

|

Aircraft

ALL.937
£.B.186
B.S.139
b.N.221
L.N.222

2.3.

arrival, when i

droop of - &
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Lileron rigging.

t was founu
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Weight
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.
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6,540
6,535
7,445
7,400
7,335

-
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phs of the,clippgd wings

Tne aircraft were flown at the following loadings:-

Dist. of C.C. aft of

S

The aileron Aroop wus measured on Mk.Vb £.A.937 wn

to be

. /On

zero, This was then adjusted to give the correct




i,

On the two Mk.XII sircraft the ailerons were rigged with the correct
droop .

. Description of tests.

The first Spitfire aircraft with clipped wings 1o be tested by this
istablishment was A.A.937, a Mk.Vb., This aircraft carried out comparative perform- )
znce and handling tests with normal and clipped wings. The eaileron control on this
circraft was above the averege in that it wes light and effective at high speed.
iccordingly, further comparative handling tects were mede on Spitfire IX B.S.139
wnich was known to have rather poor aileron control in that it was heavy and
sluggish. At the same time arrengements were mede to send A..L.937 to the R.L.E. for
stiffness tests of the aileron cireuit, to ensure thet it was not abnormal.’

4Lt this time a proposal that all fik.:lls should be fitted with clipped
~inge was under discussion, and to obtein data on this point, end also to obtain
urther generel information on hendling Lualities, two Spitfire XII aircraft,
2.N.221 and L.N.222, were flown by a number of pilots both with and without wing
tips. A few attempts to measure times to bank were mede on these aircraft.

The hendling tests included not only a qualitative assessment of the rate
of roll, but also observations of the charscteristics in dives, medium and tight
turns, at the stall, during aerobatics and et take-off and landing.

In order to check the effect on the indicated eirspeeds on a given eireraft
due tc changes in position error when the wings were clipped, a further sircreft,
£.B.186 (Mk.Vb) was fitted with a special £.5.1. system, the pitot-static head
teing fitted on the front of one of the 20 mn. gun barrels. Readings of this
i.S.1. together with the normal £.5.1. were taken over a range of speeds, stalling
speeds being noted in particuler.

In eddition to thesc tests, teke—off tests with normal and clipped wings
Luve been made on the Vb 4.B.186, and alsc on a Seafire sircraft on which 180 of
flap were availeble for toke-off .

The tests were made between November, 1942 snd Pebruary, 1943.

4, Results of testis.

4,1, Handling. Initially handling tests were made on L.A.937, special
attention being paid to rolling charscteristics. It was found that there was little
sppreciable difference between the rolling characteristics of this giroraft with
tips on and off. The aileron control on this sircraft was, however, above the
average for the type, although subsequent stiffness tests at the R.A.E. showed
the aileron circuit to be normal. It was thought that any difference- in rolling
juslities might be more obvious on an aircraft with poor ailerons and hence tests
were made on the Mk,IX B.S.139. Here again, however, little appreciable difference
sould be discerned between the qualities with tips on and off.

More thorough tests were subsequently made on the two Mk, XII aircreft,
4in attempt was made to obtain some quatitative indication of the rolling gualities
by measuring the time to roll from 30° of bank on one side to 30° of bank on the
other side, the pilot applying as much aileron as he could as quickly as possible.

The results arc plotted in Fig. 1, end they indicate that on k.N.221,
which hed poor silerons, there was gquite an appreciable decrease in the time to
benk when the tips were removed. On £.N.022 the ailerons were bettsr then those of
©.N.221 with normal or clipped wings, end in this case there was no appreciable
difference in the quelities. The pilot's impressions were that the weight of the
controls was not changed when the tips were removed, but a given control movement
was slightly more effective.

In general manoeuvres the normel wings were very much superior.
Jiith clipped wings the sircraft could not turn as fust or as tight, and in mock
combat wes easily out—~turned by the eircraft with normal wings. The stalling speed
in turns was considerably nigher with the clipped wings and this aircraft also
tended to become unsteady et a higher specd ebove its stell.

The nk.Y £.B.lu6, end one of the Mk.XIL sircreft were dived to 450 mph,
4£.5.I, when fitted with clijs«1 wings. The rircreft remained steady in }he dive,
and

e s e
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id no signs of buffeting developed.

4.2, Stelling sceeds, The following stelling speeds were observed:-

Stalling specds— Al
Adrcreft £11-up weight | Wings |Fleps & u/c wp | Fleps &

kv, A.B.186 6,535 1b. Normal 72 62

- Clipped 80 66
W ¥II. E.N.221 | 7,400 lb., Normal 75 Not obtained |

Clipped o3 72

XII. E.N.222 7,335 1b, Normel 76 63

Clipped 90 74

48 slready explained some tests were mede with a special additional A.S.I.
system fitted to A.B.186, the position error of which would be unaffected by the
change in tip shepe. These tests indicated that the difference between the equiv-
clent air speeds with and without wing tips would be about 2 m.p h, less than the
difference between the normel A.S.I1. readings,

It will be seen that removing the wing tips produced a much larger change
in stalling speed on the Mk.XI1 than on the Mk.V, We ocan offer no satisfactory
cxplenation of this discrepency, but merely record the results obtained, The only
“vatures whioh appreciably differed werc the additionsl stubs and bulges for the
20 mm. gune on the Mx.XII wings, and the differencc in design and direction of
rotation of the propeller,

‘ It is pointed out that the change in stelling speed that might be expected
due to the reduction in wing ares is only sbout 2 m,p.h. -

The stelling charecteristics with and without wing tips were very similar
in eech cease.

4.3, Teke-offs and lendings. The tcke-off end landing characteristics. were
unaffeoted by removing the wing tips. No change in the length of the runs was
s parent to the pilots, but there was a noticeeble change in 4£.5.1. at teke-off
{see table below) which may be & position error affect aggravated by the proximity
of the ground. 4nelysis of the films teken during usasured teke-offs show only a
smell chenge in true eir speed.

The results of measured teke-offs corrected to zero wind and standard
atmospheric conditions &re summarised below:-

Spitfige V Seafire IIT|

A [ B 186 A oall o \

NormalClipped!Normal|Clipped
Flaps Nil Nil 18° 180
Take-off run - yards, 262 270 229 262
Distence to 50 ft, soreen - yeards. - - 500 530
thoS.1. at teke-off - m.p.h, - - 70 75
Jrue gir speed at take-off - m.,p.h, 89 89 88, 89

The above Secfire III results were given in the 2nd pert of Report No.
& h.EE./785,b.

4.4, pPerformance. The performance results obteined on £.4.937 are summarised
in the follewing table. The results were given fully in the 46th part of Report No.
& £.0E./692,1.

. Normel wi j j

ximum rate of climb {at 15,200 f1t) 2840 ft/min. 2670‘ft$min.
ime to 10,000 ft. 3.7 mins. 3.9 mins.
Time to 20, 000 ft. 7.4 " 7.9 "
Time to 30,000 ft. 3.6 " 15.0 ¢
Service ceiling 35,000 ft, 36,200 ft.
laximum speed at 17,000 ft. 342 m.p.h. 343 m.g.h.
igximun speed at 19,800 f£t.{F/T height)| 353 - 353

ximup speed ot 25,000 ft, : 346 " 342 "




5. Conclusions.

From the foregoing paragraphs
appear to be:-

removing the wing tips

idvantages,

(i) £ small inorease in the r
ailerons, but little affect on aire
(i1) 4 slight increase in spee

Disadvantages.

(1) 4n inebility to turn as f

cue to an increased stalling speed in the turn,

-4

%
the advaentages and disadvantages of

ate of rell of aircraft with originally. poor
raft with good ailerons.
d at heights below about 20,000 ft.

ast or tight vs an aircraft with normal wings
thereby detracting considerably

from the fighting efficiency of the aircraf

{ A small increase in teke-off run
(iii) A loss in maximum rate of climb a
(iv) A lowering of the Service ceiling
(

t.

{only serious on ship-
t any height of 160 -
by 1,800 ft.

A decrease in speed above 20,000 ft,

In view of thess facts,

end in particuler of disadvantage (i)

borne aircraft),
200 f£t/min.

s 1t is recomm—

ended that the wing

tips are not removed from Spitfire aircraft
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