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SUBLEY

Systematic low-speed tunnel tests have been made on wing-body
combinations without tail plane, to fand the effect of the body on
Cne and aerodynamic cenire pesition. HModel variations ineluded front
and rear body length, body diameter, depth and nose shepe, wing height
and angle, wing root fillet and waing aspect ratic., The wing was not
swept back, Dimensiong were baszced primaraly on those of current cavil
aircraft.

The results showed that the changs in aerodynamic centre position,
Kn, varies linearly with front bedy length and in a secondary additional
way with rear bedy length; it 1s vartually independent of wing angle and
height, The change in Cm, varies linearly with wing-body angle and
roughly with the volume of revolution of the body planform; wing height
and fore~and-aft position on the bedy have only secondary effects. Wing
root fillet cffects are small on K, but appreciable on Cmo .

Values of the bedy effects on Kn and Cng, calculated by simple
impulse theory, were found tc agree with the test results in some respects,
but tc disagrec in others, Using this theory as a guide to the correct

parameters, seml~-cmpirical formulae have been produced for prediction on
other aircraft designs.

The effects calculated by these formulae have been compared with
values measured on various wind tunnel medels, For the change in Ky,
agreement is obtained to within + 0,005 in most cases., For the change
in Omg , the formula satisfies the present test results, but badly
underestamates mest of the ad hoc measurements, Thus, while the predic-
tion of the change an Kn 15 reasonably satisfactory, some of the Cmg
effects =till reguire explanataion,

The fillet effects have been analysed as far as possable, but very
little work was done and the formulae presented can only be regarded as
g stop-gap until further information is availabls,
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1 Introduction

The series of systematic fests described in this report was made
to find the effect of the body of an aircraft on the wing aerodynamic
contre position and the value of GmO at low Mach number. The lengths

of the bodies tested ahead and aft of the wing were larger, relative

to wing chord, than those on which previous empirical rules (Refs.l

and 2) hed been baseds  The main type of aircraft with a long body
relative to wing root chord is the transport aircraft wath pressurised
cabin, and the dumensions of the models tested were based primarily

on present-day designs with bodies consisting of a central cylinder of
constant diameter, with an elliptic nose fairing, and a rear fuiring
tapering to a point. In order to make the investigotion more complete,
the programme was extended to include measurements with a deep body and
with a wing of smaller aspect ratio. The effeot of wing sweepback was
not included in the present investigation: a theoretical treatment of
the effect of swecpback on body pitching moment is given in Ref.9.

Some prelaminary results have already been given in Ref'.3, but
these are all included in full hcre, and the earlier note 1s now
superseded.

This report doscribes the tests made (Section 4), compares the
results wath the answers obtained f'rom existing methods of estimation
(Section 5) and gives (Section 6) new rules for the prediotion of body
gi'fects. To facilitate use of the charts, o summary is given in .
Suction 7 of the methods to be used and of thelr validity as fourd by
comparing with existing model data.

2 Ranpe of teats

Iaft, drag and paotching moment were measured over a range of
incadence for the following model conditions. No fin, teil plane or
nagelles were represented.

(1) Wlng)alone, aspect ratio = 10 (large span wang) and 5 (small span
wing .

(2}  With and rithout cabin on onc body lengbh. ALl further tests
made without cabain. )

(3) Body of revoluiion, 9 in. max. dia. Large span wang (A = 10).
4 front and A4 rear lengthss~

20, §9).

29, 69).

It

Low-wing:~ geometric wing-body angles of 00 and 40 (iw

o)

Mid-wing:- geometranc wing-body ongles of 0 and 42 (iy
High-wingi- geometric wing-body angle of 0° (iy = 29),

where iy = anglc between body axis and wing no-lift line.

Most of the low wing measurements wore made with wing root fillets

fittcd,

(4) Fillets .of various sizos and reflex, tested on low wing, § ine dioe
bodien.

(5) Turned—uﬁkggar'boay, on low and high wing, several.rcar body
1eng'bhs, 9Min- dia. bodwies.,



(6) BlLunter nose faaring, low wing, two Tront body lengths, 9 in. dia.
bodies. .

(7) 1345 ine dias bodies, mid-wing, two front and two rear lengths.
(8) 4«5 in. diae bodres, as (7).
(9) 1345 1n. deep X 9 ine wide bodies, as (7).

(10) 8&mall span wing (A = 5) 9 in. dia. bodies, mid-wing, two front
and two rear lengths.

(11) Small span wing, L4e5 n. da,. bodies, as (10).

3 Model details

The bodies of maximum diameter 9 in., on which the majority of the
tests were made, are detailed in Teble I and Fig.l. Comparative
dimensions of several transport aircraft, which were used as a basis
for the model dimensions, are given in Table II. The models consisted
of a straight-tapered wing of mean chord 9.9 in. and with zero sweepback
at quarter-chord, and a central cylindrical portwion of body of variable
length, with end foirings. Both the four front and the four rear body
lengths differed from one another by increments of 6.3 in.  The nose
fairing was o semi-ellipsoid of revolution, and the rear fairing a solid
of revolution tapering to & point, typiecal of the shope found in practice.
The same nose and rear fairings were used for all body lengths.

The cabin used for the preliminary test of cabin effect is shown
in Fig.3. The body planform was unaltered by the presence of the oohin,
and the disturbance in profile in side elevation was moderate, to conform
with typical modern full scale design for a large alrcraft.

The turned-up rear body is shown in Fig.3s. The original body plan-
form was unaltered, and the new side~elevTation was obtained by shearing
the symmetrical feiring so that the top surface became horizontal.

The 9 ine. wide X 13.5 in. deep body models arxre shown in Fig.2.
The planform was the same as for the corresponding 9 in. dia. bodies.
The 445 ine and 13.5 in. dia. bediss (also shown in Fig-2) were formed
by scaling the local diameter of the 9 in. bodies while leaving unaltered
the fore-and—-aft body dimensionsa

Fige3 shows the small span wang. Except for details in tip shape,
this was formed from the large span wang-of aspect ratio 10 by halving
8ll spanwise dimensions. The sweepback of the quarter-chord line for
the wings was zero, and the seotion was 18% thick at the centre line
and 12% at the tip, with 2% constant camber. The wing sections used,
NAGA 2118 to 2412, were chosen as having satigfactory characteristics
st the Reynolds nuniber of the tests, 0.6 X 106, and are not typical
of those used full scale.

Figel shows the wang root fillets tested on the low wing-body
cambinations. Three sizes were fitted, and these have been labelled
"small", "medium" and "large". The sire of the fillet likely to be
fitted full socale would probably be "small" or "medium". The three
sizes were made similar to one another, having egual increments of
linear dimension betweén them. For the majority of the tests = the
case called "mormal' in the discussion - the fillet upper surface was
formed from circular arcs tangential to body and wing surfaces; the
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variation of arc radius wath chordwise station followed a prescribed
rule which was the same for all fillets. In the tests where the
amount of fillet reflex aft of the wing trailing edge was altered,

the fallets were cut and rotated about the wang trailing edge, and

the gaps smoothed over with plasticene. The fillet lower surface

was flat, and the fillet reflex angle, 6, is defined as the angle
between this surface ond the no-lift line of the wings. The reflex
was (in general) 129 when iy = 2, and 16° when iy = 6 {i.e. the fillet
was at the same angle’'to the body dotum). The angle between the wing,
Llower surface near the trailing sdge and the no-lift line was about 11,
80 the anglce between the wing undersurface and fillet undersurface was
always small..,

Wing=body angle was altered by rotation of the wang relative to
body about the line contaiming the guarter chord point of the wing
centre~line chord. Since the wing chord inoigence for no-laft was
measured as =29, the two wing-body angles of 0~ and 4° at which the
tests were made correspond to asrodynamic wang-body angles of 2° and
69, denotad by the symbol, 1, ond this latter definition has been used

throughout the diszcussions This is shown d;i.agrannnd'ﬁlcally in the
lower part of Figl.

Initially a transition wire wos fitwed round the body nose faiping
but this was removed early in the tests, as it was found that by doing
-0 less scatter was obtained on the pitching moment readings and the mean
lines_through the pounts were not apprecaably altered.

The tests were made in the No.l 11F £4. x 8% £t wand tunnel at
the R.A.E. between September 1947 and June 1948. The wind speed was
120 ft./sec., which gave a Reynolds nuwrber of 046 X 106 based on wing
mean chord, or 0.85 x 10° based on wang centre-line chord.

-4 Test results and discussion

In this section the test results are'preSbntod and discussed in
relation to the series of systomatic tests o which they belong.

kel Test procedure and prescntation of results

The wing was tcsbted alonc at regular intervals throughout the
cxperiment and thus any changes in the datum characteristics could be
detcctede  Such ¢hangos were very smalle Tag.5 and Table III show
the results for typucal test runs on the large and small span wings'

The incidence range oovercd for the majoraty of the tests corres-
ponded roughly to Cp = =0«l %0 0.7, although in some cases readings were
taken right up {0 the stall. Readangs wore taken at sbout every g dege.
over most of the range.

Fitching moments are given aboul the mean ausrter chord point.
Coefficients were based on the arca and mean chord of the wing planform
with the wing continued in straight taper to the body ocentre-line, since
the wing was of this shape whon the body wus offs  This allows the some
defimtaons to be used for all tests indepoendent of body diameter or wing
tapers  The front and rear body lengihbs, denoted by the symbols mg and
Np, are measured relative to the leading edge and trailing edge of this
oentre=line waing chord, ¢, for the same reason. For purposes of
generalisation of the tust results, slightly modified definitionsg.of
wing area and front and rear body length are stated in seoction 6 of this
veport, but no confusion should arisc as different symbols heve been used

?.



when the change in definition ocours; m, and ng and ¢, are replaced
by m, 'n and o, where ¢ = recot chord.

Measurements of (p for the wing alone were subtracted from the
values of Cy for the wing plus body at the same value of Cp in order
to obtain 4G, due to the body. Some typical Gy = Op and AG, - Cf
ourves are given in Fig.7 to illustrale to what degree the cufves arc
straight; the slope used to define =-AK, due to the body is that
at low Cr. The"experimental ageuragy of mAKn is about + 0.002 fou

the majority of the tests: un the fuw cases where some scatter occurred,
repetition of measurements did not amprove the accuracy.

For the main bulk of the tests, the results are given as ~0Cq
and =AKy, the change in pitcohing moment at no lift and the shift in
aerodynamic centre, duc to adding the body. .

In order to simplify the presentatzon of the results, the
following notation has been adopted -

Front body lengths are nuwibered 1, 2, 3 and 4 shortest to longest,
and rear body lengths arc numbered similarly. This is shown in Table I
dnd Fig-lo
+ To define a gaven model cormbination, the numbers are written down
together, front body first; thus, (1, 2) means wing with front body
length No.l and rear body length No.Z2e

Le2 Preliminary test on effect of cabin

The cabin, illustrated in Pig.3, gove a shift of acrodynomic
centre of 0.002¢, destobilising, and changed Cpg by -0.0025.  This
result is recorded in Table VIL. Sincc these effects were so small,
it was decided o makc all further tests with the symmetrical body
of revolution as nose fairing. ' '

4 i

43 Effect of body and fillets on Cp and Cp poy

Tn Fig.6 it is seen thab wing height has no effect on the 1if4
ourve for iy = 29 over the range used for the pitchang moment measure-
ments. The fillets alter the lift slope slightly. With iy = 60,
these effects are largers

The results show no Ifxllet i3 nceded ‘except for the low wing
position, ond that a larger fillet is needed wath the low wing-body
angle than with higher angle.

Lek  Change in aerodynamic centre position due to body (AKp)

hell AK, for bodies of revolution, 9 in. dia., large span wing,
no fillets '

This group contorns the majority of the tests made.

The aerodynamic centrc movement due te body, without fallets,
for the three wing heights and two wang-body anglcs is given in Table V,
and plotted in Pig.8 against front body length; this length is ex-
pressed as & multiple of wing centre-linc chord (g = 13.5 in.) in
order to give a sensc of thc model proportions.

8.



In Fig.3 the same two dotted lines are drawn through each set of
points, and represent the mean values for all the cases for rear bodies
(1) and (4) respeotively. It is seen that AK, due to body is practi-
cally independent of wang height and wvang-body angle. This is supported
by the tests with fillets at 4wo wang-body angles (Section L4.6).

Fig.8 also shows that there 1s a linear relationship between Ak,
and front body length, the body having a destabilising effect. The roar
body length is of much less importance; within the accuracy of the tests
this is also linear, and increase in rear body length also degtabilises.

The full set of body lengths in the low-wing oase was only tested
with the "medium" fillets fitted, bocause some sort of fillet is invari-
ably fitted in actual practice (see Section L.6). ) ,

Les2 FEffect on AK, of turned-up rear body (9 in. dim., large

gpan win

The effcet was found on high wang and on low wing with fillets.
The resulis are given in Table VI. Thu offect is to cause a numerical
reduction in =-AK, of about 0005, windependent of rear body length.

Le4t3 Effect on AKp of altering nosc shape (9 in. dia. body,
. large span wing)

i
1

Table VII gives the results of scme brief tests made to compare
the standard elliptic nose fairing of length 16.2 in., as used for the
majority of the tests, with an appreciably blunter fairing, also
elliptic, of length 7.2.in. The nose shapes are compared in Fzg.3.
The total beody-front leangth remained the same.

The change 1n -AKy amounts to 0.009 for the shorter front length
(1), and 0.007 for the longer front length (3), the body being more de-
stabrlising for the blunter nosg fairing thaen with the normal faaring,
for the same overall front body length.

L4y Fffeot on MKy of varying body diameter and depth .

The 445 1me ard 13.5 a1n. dia. and the 9 in. wide x 13.5 in. deep
bodies illustrated in Fapg.2 were tested with the mud wing at one wing-body
angle for two front lengths and two rear lengths. To obtain an acourate
overall comparison the corresponding mndels of 9 in. dia. were tested
again at the same time. Similar tests woere made on the L5 ine and 9in.
bodies. using the smaller span wing. The results are compared in Table
VIII and plotted in Figs.9 and 10 for the large and small span wings
respeatively. .

The results may be summarised :-

() The 9x13.5 in. bodies give values of ~AKp which on the average are
7% numerically larger than the corresponding 9 in. dia. body values,
showing ‘that increase of body depth has very little overall effect, so
that body destabilising depends'almost centirely on planform. !

i

(v) AKy varies approxamatcly as Dl“6 for the range of drameters tostéd.
The ratios are given in Table VIII, which shows they are independent of
body length and arc the saome for both the large and the small span wings.e

The effect of wing span is considered further in section 5 below.



4e5 Ohonge in the value of Alpg due to body

4451 &Cme, for bodies of revolution, ¢ in. dia., large span wing,
ne fillsts

The change in Qmo due 10 body without fillets for the three wing

heights and two wing-body anglcs 1s given in Table 5, and plotted in
Figsll and 12 against total body length L.  This parameter is used
rather than front body length (used for graphs of AKy) because front
and rear body length are found to be of the same order of importance
for AGng,; the length L is plotted as a multiple of wing centre~line
chord, ogs Only a few points with low-wing were obtalned without
fillets, the full ronge being teoted with fillets (see 4.6).

In Fig.ll, where the no-fillet results for the three wing heights
are compared at one wing-body angle, iy = 29, the points for high wing
lie on the groph in a pattern notunlike a parallelogram (except for body
(4%,4), in which case the point 1s low). The first short series on the
mid~wing (set A) lue fairly well on o line, except for (1,4) and (2,4),
which are low. The seccond short series (set B = made as a check test
at a later ﬁtage) gave polnts lying in o narrow parallelogram formation.
The two sets are shown superaimposed in the lowsr part of Fig.l2. 1In
the case of the low-wing, the few points obitained lie on a straight
line except for (3,4) end (k,4)., which are low.

There is thus a séjuence from low wing o high wing. The straight—
line formation of the low-wing series means that AGmD is independent of
wing fore-and-aft position of the body. As' the wing moves higher up the
body, the contribution to‘AGmo of the rear body becomes less (slope of
constant~front=length line decrcascs) while the contribution of the
front body becomes more .{slopc of constont-rear-length line increases).
In all cases the longest reor body, No.k, shows signs of contributing
proportionately too little to Acmo compared with shorter rear body
lengths. The duality of the results for mid-wing suggests a small
degree of instability of the flow over the rear body, as if this is a
borderline case between two different regimes of flow.

The effect of wing height on the rear body contribution to &y
can be explained by refercnce to the diograms of Fig.l3. In the
oase of the low wing the wing whke misses ihe rocar body, and as the
wing moves from low to high position, the wing woke moves up over the
rear body. This is because, al zero laft, the body is nose downe. In
the high-wing position we may expect the wing woke to decrease the rear
body 1ift by thickening bhe body boundary layer, and to replace it by
an increased drog foree. The luft and drag on the front body will not
be affected by the posaiion of the wang. Tho moment arms of the Lift
forces are independent of wing height, but the drag moment arms depend
on wing height, as shown in Fig.l3.  Thus, on changing from low-wing
£to high=wing, front body nose-dovm pitching moment is reinforced due
to increase of drag moment arm, while rcar body nose-down pitching
moment is reduced due to dccrease of lift. It is impossible to say
what the effect of rear body drag is, as it depends on the length of
the moment armm and the amount of drag increase.

(o)

The aerodynamic centre was not affected by wing height becouse
the whole contribution of the rear body to AKp is so small that changes
would hardly be notuced, while the suggested change in front body drag arm
will not apprecicbly affect AKp if the rncrease in front body drog
with -body incidence is smalla

10.

Ll



(1)

)

The explanation given above 1s only suggested as satisfywng the
observed results, and it has not been substantiated experimentally.
However, the sensitiveness of the flow over the rear body to disturb-
ing influences in the position of the wvang is illustrated by some
tests described in Ref ., where the pitching moment and 1ift 'on an
inclined torpedo were appreciably different weth a thin ware or
central spindle suspension.

i

In Fig.ll, the lines joining (1,1) (2,2), (3,3) and (4,L4) for
high and mad wing (B), and the mean lines through the points for mud
wing, set 4, and low wing, all lic close to one ancther. Thus the
effects described arc relatively smsll and $o a first approximation,
ACpg due to body is independent of wing height.

In Fig.l2, where the effect of wing-body angle is shown for md
wing, the points at iw = 60 form a parallelogram with values closely
egual to 3 times the corresponding values at iy 2 29. This 1s shown
clearly by Fig.ly where some of the valucs of -Acmo arc crors=-plotted
against i, including the threc cases measured with low wing, no fillets.

This indicates that ACp, due to body varies directly with iy, ;
the angle between body axis and wing no-lift line. This result is
supported by the tests described in Ref 17,

k.52 Effect on AQg, of turned-up rear body (9 an. daa., large
span_wang)

The cases testod with turned-up rear body are compared with the
corresponding symmetrical bodivs in Taple VI and Figsl7. The effect
is to decreasc =OUnp, numerically. iece give a nose~up pitching moment.
The change varies from 0.00L5 tc 0.0085, the value increases with rear
body length, and there is a tendency to increase with wing-body angles

?

Le53 Effect on Almg of alierang nose shape (9 in. dia. bedy,’

large span wing)

On replacing the standard nose fairing by a blunter nose, as
described in section L3, the ncgative (nose-dowm) priching momént
due to body, =ACpq, 15 nuwncrically increased by 0.0027 for the shorter
front body length (1), and by 0.0022 for the longer front length (3).

Lkedh Effect on ACy, of varying body diameter and depth and

wing span

The 4.5 ine and 1345 in. daa. and the 9 in. wide % 13.5 in. decp
bodies illustrated ain Fig.2 werce iLestcd with the mid wing at onu wing-
body angle for two front and two rcar lengths. To obiain an accuratc
comparison, the corresponding models of 9 in. dia. were tested agoin
at the same timc. The results are compared an Teble VIII and plotted
in Fig.l5 and 16 for the largc and smnll span wings respectively.

The results may be swmariscd as follows =
{a) The 9 x 1345 in. bodies give values of Ay, on the average 10%
larger numerically than the corresporndang 9 in. dia. bodies.  This .

shows that incrcase of beody depth has lattle effect, so that body
Pitching moment depends mainly on planform.

1L.



(b) The effect of body size does not in this case follow a simple
power law. The ratios are given in Table VIII. The valugs for the
9 in. diae and 4«5 in. dia. bodies are in proportion to DL-6 for the
large span waing, but for the small span wing the variation is as Dl+2;
the variation between 9 ine and 13%.5 in. dda. bodies on the large span
wing is in excess of D2.

The effect of wing spén is considered further in scction 5.

L6 Effect of wing root fallets on AKp and ACh, (Yow wing)

» Various tests on wing root fillets were made with low wing, using
the 9 in. dia. bodies and large span wing. The measurvments can be
grouped as followsi=-

(1) "™dedium" fillets, complete set of front and rear body lengths at
two wing=body anpgles, the inclination of fillet to body becing constant
(Table IX)

(2) A few tests with "small" and "large" fillets, with various body
lengths (Table X ).

(3) Effect of altering rcflex of "medaum" fillets (Tdable XI).
(4) Effcet of varying fillet oross-scetion (Table XI).

In each case the model had similar fillets in port and starhoard
wing roots.

The fillets have been described in seotion 3 and are illustrated
in Fig.h. For group (1) ebove, the fillet lower surface was roflexud
at 10° to th:s body cxis for both wing-body anple settings, so that the
reflex relatlve to the wing oltercd by 412 in changing rram iy = 2° %o
6° (reflex angles, 6, = 120 and 169).

(a) Fillet size = K,

Fig.18 gives the measurcments with medium fillcts at two wing-body
angles. The mean results without filluts are plotted for comparison.
If mean lines are drawn for rear bodies(1l)ond (4),in the same manner as
was done for all the values of -AKp without filleis on Fig.8, it is
scen that the fillet effect 15 to alter Kp by obout 0.015 (stabilising),
and that this is independent of body length and wing-body anglc.

The individual readings, using the mean values without fillet
as datum, are given in Table XII.

In Table XIT (but not plotted) are results for the large and smll
fillets, giving the change in -0K, as 0.018 and 0,006 respectively.
It should be noted that the larpe fillet was tested in one casc only,
and that the value obtained is smallour than would be expected. Repeat
values without fallet showed some variation, and in this case the mean
curve used as zero may not be giving lhe corrcet rosult. This fillet
is larger than would be used full scalc, and will not be considcred further.

(b) Pillet reflexi- Kn

Table XIT shows that angle of reflcx has no effccet on 4Ky due to
fillets.

12.
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(¢) Fillet thicknossi- Ky

Table XIT shows that therce are inereoascs in K, when the fillet
shape is changed from its normal design, bdth when it is fottened or
reduced to a flat plate coincident walh the fillet lower surfacc.
The increases in Kn arc respcetively 0.008 and 0.018.  The changus
in fillet shape arc illustrated in Fag.le.

(d) Fillet sizei= Opg

Figel9 shows the measurvments of ACyy duc to body wath small and

mediun fillets, together with the pornts for no fallets reproduced
from Table Ve The onc point for large fillets, given in Table X, is
omi.tted. It is scen that, whoreas bhe offect of fillets on Ky is
small and 1ndependcnt of reflex, body length and wlng4body angle,

the effect on Qn is comparatively large, and varics with body length
and wing=body angla. In .‘blg 19, whilc the no-fillets casc for low wing
gave points lying more or less on a straight linc, the cffeot of
fallets is to open out the 901ntu inte a parallelogram formation,

ag previously noticed for high wing, ne fillets (Fig.ll). Onc ox—
planation would be that the addition of fillets causes a dlsturbancc
of the flow over the rcar bhody in the samec way as was previously '
suggested for the wing woko if the wing was high on the body; the
negative 1ift in the wing root may also be causing an upwash over

the rcar body, hencu a downwnrd pitchang moment proportional to body
rear length. The changc of Cmo due to fillets is given in Table XII.

The smnll discrepancie: between the "medium" fillet measurements
in Tables IX and XI for bodies (1,2) and’ (1,4) are presumably due %o
the fillets not being replaced at exactly the samc angle in the two
scries of tests.

(e) Pillet reflex:= Opg

The results are given in Tables XI and XII and plotted an Fig.20
against angle of reflex relative to wang no-luft line, © . It can be
scen that there is a linear relationship with angle of reflex, and the
results are independent of body nngle relative to wang.

(£) Fillet thickness:= (O,

The results are given in Tables XI and XIT end arc plotted an
Fig.20 ageinst 6 « It as now apparcnt that, ‘on the smgll amount or
ovidenoc available, the flat plate points lie on a line passing through
6 =0, while the normel ~thickness fillets and fillei~out fillets fomm
a.serieg, showing that fillet thckness, iec. camber, 1s a sgeparate
parsmcter to be added to the flat plate results.

An attompt to derive generalised formulae from these results is
discussed in section 6.2 and 6.M.

5 Comparison of results with existing methods of cstimation

5e¢1  Existing methods of estimating AK, duc to bedy

An analysis due to Warren (Ref.l) of collected experimental data
was based on a comparatively small range of front and rear body lengths,
and no attempt could be mode from the available results to separato
out the effects of body planform, wing aspect mmtic or fillets.



The systematic series of tests described in this report has shown

that the rear body effect is much smaller numeracally than Ref.l suggested,

ard has the opposite effect; increase of rear body length increases
the destabilising effect to a small degree instead of reducing it
Moreover, 1t 1s now seen that AK, due to body is not dircctly propor-
tidnal to body w1dth as Refsl supposes. .

A purely theoretical approach to the problem was made by Multhopp
(Ref+5) and considered in more detail by Schlichting (Ref.6)s The
method is braefly reviewed, in 1ts application lo the present models,
in Apperdix I. This theory states that in a purely potential ficld of
flow both the front and the rear parts of the body are destabilising,
ard 1f there were no curved field of flow due to the circulation round
the wing, a geometrically simlar front and rear body would produce
equal additive effects: however, due to the wing lift, there is an
upwash which increases the contribution of the front body, and a down-
wash which decreascs the cffeot of the rear body. The result 1s to
make the front body the domlnating parameter, while the rear bedy,
although still contributing in the scame sense, is comparatively un-
important.

The values of AKy duc to body arc cstamated by this theory in
Apperdix I, and plotted in Fig.9 and 10 in comparison with the test
results for the mid-wing models with the three body diameters and two
wing aspcect ratios. It will be seen that the 9 in. diameter models
give measurements in close agreement with the theory - the oifect of
increase of rear body length is accurately reproduced - but there is
bad dasagreement for the 4«5 ine and 13.5 in. diameter medels. This
is Regause in practice the varzation with bady diametcr followed roughly

law (see seotion Leld), while the potential flow theory gives
a D2 law. It appears, therefore, that the agreement between theory
ard practice in the case of the 9 in. diameter model is a coincidence.

The theory states that AKy due to body is independent. of body
depth, and depends entarely on body rlanform. The results of section
Lobd, show that this is ncarly borne out in practice.

The small effect noted on turning up the rear end of the body
(section 4e42) would not be expected from the theory.

The caloulated increases in AKnp for the 9 in. diameter bodies on
substituting the blunt nose fairuing for the standard nose fairing arc
0.008 for both front bodies (1) and (3), with the longer front body
giving a slightly smaller valuc than the shorter body. The measured
values were 0.009 and 0.007 for the shortcr and longer front bodies
respectively (sce Le43). : .

On halving the waing span, ¢ is left unchanged, S is halved, the
upwash and downwash fields due to wing lift are altered, and the wing
lift slope is changed. Carrying out the calculations cutlined in
Appendax I, the theoretical values AK, due to body for the two wings
would be in the ratio 2.7 for all body lengths and diameters. The
test results are seen in section Le4h and Table VIIT, to give rotics
varying between 243 and 2.5

There is no existing theory or analysis of fillet effcets with
which to oompare the present model data.

542 "Existing methods of estimating AGp, due to body

The analysis due %o Haile (Ref.2) separated the low, mid and hlgh
wing cases into three different empirical relationships. The d ata used
in the analysis suffered, as in Ref.l, {roam the smallness of the range
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of body length, and a miscellancous array of body sizeés and {illets.

The results of the prosent systematic tests have shown that
wing height is not an important varisble so long as fillets are not
fitted (Section 4.51) and that {illet effects may be considerable
and should be considered as a separate varable (Section L.6). The
results now obtained without fillets lie to a first approxamation
about 50% above the line given in Ref.2 for mid-wing.

‘The theoretical analysis of Ref.5 and 6 already described in
Section 5.1 and outlined in Apperdix I mves the results-

24,
Acm.o == —'g:—u ] VOl’
S0

i, being in radians, where Vol. is the volume of the solid of

revolution having the same planform as the body. The result is
independent of wing fore-and-aft position on the body.

The values of Aly, due to body are estimnted by this formula
in Appendix I and are p&otted in Fig.l5 end 16 in comparison with
the test resulits for the mid-wing models with the throe body diameters
and two wing aspect ratios. It will be secn that the expcrimental
results for the 9 in. and 13.5 in. diamoter modcls lic well below the
theoretical, being only sbout 0.5 of the cstimated values. The experi-
wental results for the Le5 in. bodios agree more ncarly with the theory
(factor sbout 0.7), The amount of the disorepancy varies because the
theoretical values follow a D2 law, inherent in the volume term, while
the experimental values do note The theoretical formula gives points
all lying on a single straight line, independent of wing fore-and-aft
position, while the experimental values only approximate closely to a
straight line law for the case of the low wing (Fag.ll).

The theory states that ACp, dus to body is independent of body

depth, and depends cntirely on body planform. The results of
seotion 4eBh show that this is approximately borme out in practicu.

The small effeet noted in the experamentz on turning up the rear
erd of the body is not covered by the theory, which only considers a
long straight body. . ,

The calculated chonge iJlACmO on substituting the blunt nose for

the normal longer nosc is =0.0041.  The msasured values (see Seotion
4+53) are still related o the calculated by the factor of about 0.5
noted already for the whole N0y, dus to body for 2 in. dzametcr models.

The theory states a direct proportionality to aerodynamic wing-
body angle, iye It was shown in Section 4.5l and Figelly that this
vas in faot true in practiocs.

On halving the wing span, 5 is left unchanged and 8 1s halved,
so that theoretically the values of AOmo due to body aro exactly doubled.

The cxperamental velues (Scetion 4e54 and Table VIII) give a multiple
varying between L9 and 2.8, with a mean value of 2.2.

There is no exasting theory or analysis of fillet effeots with
which to compare the present model data.
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6 Application of the results to prediction for other designs

Up to now we have been concerned purely wath the results
obtained in the present series of systematic tests. An attempt
iz now made t0 generalise the results in a non-dimensional form
sultable for the prediction of body effects on other aircraft designs.

In Section 5 it was shown that the simple potential flow formulac
of Ref+5 and 6 are in same respects supported closely by experiment,
but in other respects, notably the variation with body dismeter, the
theory needs modification. Therefore, in the following analysis,
the potential flow theory has been used as a basis where convenient
and cmpirical curves have beeh deruved to tie up theory and experiment.

Finally, charts are given for prediction purposes in Figs.22 and
23«  Previous ad hoc exporimenial results are compared in Appendix IV
with the valucs estimated by the methods derived here, for o number of
alrcraft models. Therc have not been many switoble tests made, and
more data would be voluable, especially on fillet effects.

The methods of prediction derived here are summarised in Seotion 7.

6.1  Generalisation of the measured AK, due to body (no fillets)

As explaained in Appendix I, a simple theoretical value of dKn
due %o body can be obtained from Ref.5 and 6 in the form

(o]

0P | [\ (3B
AKp o o (—)taa - (nose taper effect) + (rear body effect)

The second and third terms are both small compared wath the first;

the second tem is nearly independent of %-, while the third tem is

completely independent. This thooretical expression has been used as
a basis of the present analysis.

It was seen in Fig.8 that mean valucs of AKXy oould be taken inde-
pendently of wing~body angle and vwing height, with no appreciable loss
of accuracy. These mean values for the 9 an. diometer bodies, and the
md~wing values for the 4.5 in. and 13.5 in. diameter bodies - all with-
out fillets, and on the large span wing of aspect ratic 10 - have been
expressed 1n a form suggested by the theorctical formmula quoted above:-

aso

‘310’-“'&1{:1';52--

The values of Oy, are given in Table XIIT for the three body
diameters, and the values for the 9 in. diamster bodies only arc plotted

16.
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in Fig.Zl against front body lenpth expressed as 2 o*

o)

The ratios, k, of the values of Dyq for 13¢5 in. and 4.5 in.
drameter bodies to the correspordaing 9 in. diameter bodies, arc also
given in Table XITI, and it will be seen that, within the accuracy to
be expected. from the oraginal mcasurements, thu values of k are
independent of body lengths

This analybls is repeated in the same Table for the. results on
the small aspect ratio wing (A = 5)e¢ The values of A for A =5
are written Ag.

It is now possible to plot in Fig.22 (lower right-hand side) the
factor, k, which correlates empirically the variations with body diameter
ratio, D/c. It is necessary to treat body drameter in a  non-dimensional
form, and root chord ¢ has been choson for convenience. The factor k
is seen to be independent of wing aspect ratio.

At the foot of Taglc, XITI, the results for the two wing spans arc
canpared in the ratio A + This ratioc is seen to be practically the
10
same for all body lengthse In the lower left-hand part of Fig.22, the
values of the ratlio arc plotied against wing aspect ratio A.  The dottod
Line shown is the theoreltacal relationship conmnecting A,, for any aspcct

ratio, and A1p, and gives us o guade to the correct curve connecting the

points for A = 5 amé 4 = 10, so that the experimental resulis can be
A
presented in the generalised form 2;&- .
' 10

In order to camplete the generalisation of the rcsults, & modafied
version of Fig.2l is derived as follows:-

The curves of Fige2l cannot be produced indefinitely towaxds the
origin without modification because the nose of the body tested vas
rounded off elliptically throughout the first 16.2 in. of its length;

this is eguivalent to E-_ 1,26 (%the actual value varics slightly with

small changes in ¢ for various wing-body combinations)e. Obviously the
existang curves of Fig.2l must be modified for %-< 1l.26, because

shorter front body lengths must have shorter nose fairings. We may

¥ The values of ¢, m and n Gsed throughout Section é arc derived by
letting the intersection of wing leading and tralllng edges with the
body planf'orm definc the root chord c. The wing planform is taken us
rectangular inside ihc body, and is not considercd 4o taper t0 a maamum
value, cgs On the body centrc-line, as was used in the previous parts of
the report. Throughout the presentation of the results in the report
this latter definition of wing arca was used, as it would have becn
extremely confusing in comparang answers 1f the units changed with body
diameter ond wing aspect ratlo, but in oapplying the generalised results
to other airoraft desigus it is likKely to prove .much simpler and more
logical to use the defanitions, based on root chord, now suggested.

It 25 also consadered that the upwash and dovmwash flelds which control
the pitching moments on the body must be functions of the wing planform
outside the body only.

The values of ¢, m and n, which now replaco Cos Mg and nNg as
definitions of body length, vary slightly vath body dzrometer and wing
aspect ratio. They are listed fully in Teble I. The values of A. . and
A5 are of course derived from the measured AKXy, which was based oh
S8 of the fully tapered wing, by using the carly defanition of S and 3.
The new definitions are illustrated by the diagrams in Fig.2l and 22.
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safely assume that the whole of any front body length with B ¢ 1426
c

oonsists entirely of nose fairing; +the error involved is likely to be
very smalle It was seen (Secbion L4el43) that, when the length of the
curved pert was shortened fram @ = 1.26 (i.ee m = 15.2 in.) to &t = 0.56

c
(the egquivalent of 7.2 ins), the total front body length being unaltexed,
then the mean change in AK, on the 9 in. diameter bodies was 0.008.
This in texms of /Ay is egquivalent to 0.35. Hence, in Fig.2l, the

position of the lines at % = 0456 is obtained by extrapolation of the
present lines down to thais point, with an addition of 0135 to the
corresponding values of 4. This gives sufficient guide for drawing
the ourve for 1ow1n5 + The reguired extrapolation is shown by the

dotted line of Fig.2l.

A similar trouble ardses Tor wvalucs of % less than 2.1, becausc

the last 27 in. of the models formed a foaring tapering to a poant.

' Reaxr body lengths shorter than this would have to be blunter. TWe '
have no experzmental measurements 0 usc, but sance the theory of

Refe5 was seen in Seotion 5.1 to gave a good estamate of rear beody
effects on the 9 in. diameter bodies, we can use the calculated valucs
with sufficient accuracy to obtain the lines of Dg for % = 1 and -2- = 0.

The upper half of Fig.22 shows the values of Mg for the 9 in.

diometer bodies replottcd in chart form suitable for general use. The
actual experimental wvalues of 3‘6 have been rcplaced by round numbers to

facilitate use of the chart.

Summarising, the calculated volue of AK, due to a body of
revolution 1s given by

A A a K on”
R e R =t (1)
\ 10 aSc

A
where Ayg, (A_A—) and k are read off the curves of Fig.22, "o" is the
10
root chord, at the junction of wing and body, "a" is the 1lift slope per
radian, and D, it is suggested, is taken as the body dismeter (or width)
at the position of the wing leading edge; because, in the case of the
body which does not have a constant diameter, the value of D should
refer to front body rather than rear body since rear body eff'ects on
ARy are of a secondary order.

The other varisbles in body shape not yet considered are:—

t

(2) Body depth. The results of L.l suggest that 7% might bo
added to AKn for round bodies, it the depth is increased by 50%. Hence
the rule

ARy = F‘ound body value of equation (1) x {1 + 0.5 (b=D) (2)
D

LS.

1

where B = body depth ratio .
D width

18.
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(b) Cabin. The effcct was negligible for the shape tested.

(Section Le2)a

(¢) Turncd-up reor body. In L.42 it was seen that -AK, due to
body was decreased by 0.005 for any body length. This can now be
generalised by making this equivalent to a deecrease in 87y of 0422
for a fully turned-up rear. The cvffect 1s smoll, and an intermediate
degree of sweep-up could be dealt wath by interpolation.

(3} Different body nose planform.  Blunter noses have already
been considered; the chanpes deseribed in Seclron 4% only resulted
in a very small change in Ky due to body. It was seen in Section 5.1
that the potential flow theory of Ref.5 and 6 gave this small change
closely and, aindeed, the theory agreed quite well with the model valucs
of AK, for the one case of the 9 in. diametcr bodies on the large span
winge This useful résuld suggests that the effect of a very different
nose=ghape ¢eg. the long pointed cone of a supersonic body, could be
calculated with sufficient accuracy by the method outlined ain Appendix I
80 long as the resuld i1s applicd an the form 41 50 as o meke it subject

to the ompirical rules for body diomcicr and waing aspect ratio varnations.

(e) Dufferent body renr planform. The contribution of the
rear bedy tc Kn 1s 5o small thot wve car safely agnore differences an
rear body planform.

6.2  Generalisation of the measured AKﬁ due to fillets

The %ect results of 4«6 shownd bhot the fillet effoet is small and
is independent of wihg-body angle, angle of reflex and body length. It
18 thercfore basically o function of planflorm geometry of the wing, bedy
and fillets’ If e consider the fillct to act as a rearward oxtension
of the wing, and assume “She offcct to be carried right through the wing,
an approximate expre: sion can be caloulated for the recarwnrd shift of
the wing mean guartcr chord poinc. The caloulation is given in Appendix
IT. Thas formulo is seen in Appendax IV to agree satisfactorily with
tho systomatic tes® model resulils for the "small® and "medaium" fillets,
but breaks down for the onc rest rcoult wath "large" fillcts.

The test results with flat plate and extra-thick fillet do not
give enough informotinn tc make any generalwisations sbout the effect
of fillet thickness. Quite possibly the effect cbserved with the
flat plate fillet was duc in part to o wake from the wing-body junction
affecting the flow over the rear part ol the body.

6.3  Generalisation of the meazured ACy, due to body - no fillets

S8ince, for all bodies withouvt fillets, there was no measurable
change of zero 1if{ angle compared with the wing alone, the wing
itself is at zero lafi when we are measuring AGmO duc to bedy. There—
fore the only effccts the winhg coan have are anterference effects due
to the velocity incremcn: reund the wang (likely to be negligibls)
and due to the wake and dastortion of the flow over the rear part of
the bodyes Thas laiter cculd be cbserved when low-, mid- ard high-wing
combinations were cempared in Section he5l.  There was an effuct which
varied with wing heugit, buil the diffcrences in the value of AQn, for
a given body front and roar longth were guite small. The £ifth column
of Teble XIV guves the meon values of =0y, for iy = 2° for the three
wing heights on the bodics of revolution. The greatest error in taking
a mean is only 0.00% in the worst case, and most of the original values
are much closer to the mean than this.

1
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Apart from the interference of the wing on the body at C = 0,
the only parsmeters controlling the results must be the dimensions
of the bodies themselves. In order, ther<fore, to present the values
of ACpg, in a form independent of wing dimensions, and since we know
they are proportional 0 1w, the function f has been tabulated in the
last two columns of Table XIV where
= (—&Cm ) x —SE-—-—---
o A
vol.i,

where Vol. = volume of body of revolution.

This form was suggested by the theoretical values for ACp, (sce

Appendix I). We have omitted considcration, for the time being, of
the deep bodies tested or the bodics with turned-up rear part, and
of the wing root fillets.

The values of f for the three body diamcters, the two wing-body
angles and the two wing aspect ratios have becn plotted in Fige23 against
the body fineness ratio L/D where I = total length of body and D = body
mexcimum diameter.

It will be seen that the three diameters form a series giving
values of f which increasewith L/D.  For the 9 in. diameter bodies
the points with wing aspect ratio A = 5 lie a little below those for
A = 10, while on the L.5 an. dismeteér bodies the reverse is the case.

It can therefore be concludued that wing aspcot ratio has ne predictable
gffect. The points for thu L5 in. bodies are rather scattered, but
the volume 1s smallest for this casc and therefore experimental scatter
shows up most here. The lines in Fig.23 join points with constant N/D,
where N is the rear body length measured from the wing gquarter chord
point. This is chosen as the poant of reference for rear bedy length
because the wing affects the pitching moment on the body only by dis-
torting the flow over the rear body. It would therefore be wrong to
express rear body length as the distance, n, from wing trailing edge,
since this would erroneously bring the numerical dimensions of the wing
chord into the analysis.

It is seen in Fag.23 that the values of N/D ancrease fairly
consistently from left to right across the graph.

The physical interpretation svems to be that, the greater the
body fineness ratio L/D, the nearer the actusl valucs of A0y, due to

body approach the theoretical” value 1n potential flow of = vol» iw ,
o _ 5 5743 % S
which is egquivalent t¢ £ = —=— = 0.035. Also, for a given overall

5743
length of body, the larger the rcar body am N the more the measured
value of Alng falls below the theoretwcal.

This variation with N, i.c. with point of reference of pitching
monment, is not large, and the varlotions observed in Fig.23 due to
change of wing-body angle or aspect ratio, are nearly of the same
order of magnitude. Thercfore a single line as drawp in Fig.23
seans a sufficiently acourate generolisatione.

Thus Almg due to body ==~ £ . Vbléﬁiw (3)
o

where f is read from the stroight linc of Fig.23.
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Comparyson with aveilablie ad hoc data is made in Apperdix IV
where it i1s seen that this generalisation underestimates in most cases
consldered. -

The fact that there is an apparent small variation with N/D in
Fig.23 for a gaven L/D might need further consideratzon in the case
of aircraft with highly swept back wings, becaust the guestion orises
as to whether N is being measured from the C.G. or {rom the wing root
quarter chord point (whiph were coincident on the systcmatic test model).

The other body variables covered by the prosent seres of tosts
aret~ . ’

(a) Body depth. The results of Section 4.5l suggest a rule to add
107 to tﬁe values estimated for bodics of revoluticn if the depth is
145 times the width.

This gives the formula

[ \ heD
Aqno = |round body value fram cyuation (3)| X |7 4+ 0e2 -E;-‘ (L)
- \

joxd

where == body depth rotio.
Wic-tth 1

tw]

(b) Caban. The effcot of tho cabin tested (Section 4.2) was very small.
Further experamentsl valucs arc available in Ref' 7.

(6)  Turned=up rear body. The measured valucs (Section 4.52) suffer from
experimental scatter. Comparison of the change in Umy due to turning

up the rear body, with the corresponding no-fillet values of Alm, duc

to body suggests that the cffeot could be represented by reducing

=00me numerically by one fifth. The ¢ffect 15 small and the rule secms

sufficiently accurate, even il it has no physicol fcandation.

(a) Boly nose variations. As discussed in 5.2, the effcet of nose
shape variations follows: the samc rulc as that ol the whele body, both
being relatud to the potentzal flow cstimate by the swms empirical
factor. Hence the charts of Flg.Z} automatrzeally includc any nosc
shape variation (symetrical) in the volume of revolutwon. No data
are available on ths effeet of turned-up or turned-dovm nosc fairings.

(e) Different rear body planform. On the ovidence of the paragraph
above all rear plenforme are included in the volume.

‘Bal  Generalisation of the measurcd Almg due $0 fillets

Fige20 showed that the fillet eff'ect comsisted of a flat plate
effect varying linearly with angle of deflection relative to wing
no-la.ft line, together with o thickness term of opposite sign, which
was constant for all angles of dcfluctlon, and varied with fillet
upper aurface shapc.

It is secn in Appendix III that the fial plate results are larger
than thosc whaich would be expeoted from a plain flap in the position of
the body and fillets. By writing the plain flap estimate in o
generaliscd form and connecting it wath the test results by cmpirical
factors, a formula has been derived which satisfies the model results
{except for the one case tested with "large" fillets), but is not
supported by the foew other test results available.
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7 Summaxy of methods of prediction (List of notation given elsewhere)

7.1 AKp due to body (no fillets)

by a2 .
For body of revolution, AK, = -4 - ] e ke — (1)
10 ado

A o
body destsbilising, where AlO’ ELA—- and k are given in Fig.22, and

10 ‘
require a knowledge of front and rear body overhang, m/o and n/o,-
body dismeter rxatio D/c, and wing aspect ratio. D is taken as body
width at wing L.E., a = 1ift slope per radisn. For a deep body,

. OFp = {mund body value from (1)—l X [1 + 0415 (%Qﬂ (2)
whore & = body depth ratio.
D width

For a fully turned-up rear end to the bedy (ie.e. tapering to a
point on level of body upper surface), subtract 0422 from lyge

For a very different nose shape from that used in the tests of
this report, the value of L‘.alo can be caloulated by the method of

Appendix I, and the empirical values of A and k applied from Fig.22.
10

For a different rear shape, no ocorrection need be made. Appendix IV

shows good agreement with ad hoc test results, to +0.005 on 0Ky in most
08385

7«2 OKy due to fillets

Pormula suggested is

_22(c + £2)(D + be)
4SEB

A (3)

where Lo anl bf are the maximum length and breadth of the fillet

outside body and wing as seen in planform outline. Fillets are
stabilisings

This holds for small and medium sizes of systematic test filleg,
but the two ad hoc results available do not agree.

Ta3 Cmg due to body, no fillets

Por body of revolution,

fVol.l 4 (
Acxno == S- X (]+)
o]

being o nose-down pitching moment for normal wing-body angles. The 7

factor f is read off Flg.23, requiring a knowledge of body fineness
ratio L/D. For a deep body, .

Ay, = ‘}ound body value from (4% X [»1 + 042 (l%.n (5)

where B . body depth ratio.
D width -



For a fully turned-up rear body, 40mg is numerically decreased by
one=fifth of the round-body value-.

Any nose and rear fairing shapes opn bodies of revolution are
included in egquation (4) in tne volume of body.

Although these foymulae are satisfied by the results of the
present serires of systematic tests, Acmo is badly underestimated
numerically for most of the ad hoc test results investagated, the

estimate being a half to two thirds of the measured value, 1,e, 0,0L or
0,02 too low,

7ol ACmg, duc to fillets

The formula derived in Appendix IIIL is

(c+ @0+ bp)

o E b

the first term being due to the reflex of the fillet lower surface, the
second temm being the effect of fillet upper surface shape.

& 0045 ooadmm 0.2
= . . - g - s
Cmg, + acy L

This fits the small and medium fillets tested, but necds more
experumental evidence before 1t can be substantiated.

7+5 Effect of cabin

The cabin tested had negligible coffeot on AKp: it is probobly
satysfactory Lo ignore the caban in genvral.  AGy, was inoreased

numerically very slightly by oddition of the cabin; other data are
availsble in Ref.7.

B Conclusions

The model tests desoribed here hnve covered the casce of a bedy on
a tapered wing without swcepback.  The changes 1o acrodynamic centre
position, Kyn, amd in Gpg, duv to body, have been found for a rangs of
body front and rear lengths, nosc shape, body width and depth, wing~bcdy
angle and herght. and wing aspect ratio. The resulis may e sunmarised -

(1) The main parvameters affocting change in aerodynamic centrc
position due to body are body front lengbh and width; rear length has
a secondary added coffcets It is proctrcally independent of body dopth,
wing=body anglc and wing height.  The front length variaticn is linear
and the width variaticu lies between o lancar and a sguarc law.  Charts
have been constructed which incorporate non-dimensionally the effects of
the various parameters with good accuracy. On comparing estimates based
on these charts with results obtained in other ad hoc model tests it 1o
found that the ogrecment is wathin about +0.005 on Ky in most of the
cases tried, the wersé disorepancy being 002k .

(2) The change in Cny, due bo body varies linearly with the angle
between wing no-luift linc and body axis, and the variation with body
width is more scabttcred, but of the same type as for the changes of Ep.
The effeot of wing height is smalls  Tho variations with body front and
rear length arce complicatid.  Charts have been constructed which re-
produce non-dimensionally the present test resulis with good accuracy.
It is found that estimabes bascd on those charts for othor aircraft designs
give good agreement with model rusults in o fow of the cases examined,
but badly underestimate in most, the discrepancy being of the order of



0s01l or 0.02. The lack of more consistent agreement may be due to
dafficulties in the definition of body axis in some cases, or to the
effeots of large cobins.

(3) Tests made with wing root fillets of various sizes, reflex
angles and thickness, show that the effect on asrodynamic centre is
amall, but the effect on Gny may be consideroble.  Semi-empirical
formulae have been derived connecting the observed variations, but
more work is necessary for a full understanding of fillet effects.
The suggested formulae which are bascd on the systematic model test
results, are not supported by the few ad hoc results available.

a)
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NOTAT ION

wing aspect ratio

lift slope of wing or wing plus body, per radian

wing span; 2lse usged as local body width in Apperdices
span of fillet measured from edge of bodyiin plan view to
Junction with wing T.E.

root wing chord, at junction of wing and body planiorm
wing centre-line chord whem wing is tapered to centre line
wing mean chord

wing or wang plus hody 1lift coeffacient

wing or win% plus body prtching moment, measured durlng tests
gbout mean % chord point

Cp &t zero 1if%
change in Gy Gue to body or fillets
moximum boedy diameter of test models

body width at wing L.E. in generalised analysis of AKp
due to body

8a

Vol 1y

~0Cmg % , 1y in degrees

body depth

aerodynamlc wing-body angle, measured in degrees unless othorwase
staled

angle betwecn no-lift line of wing, and body sxis

position of aerodynamic centre of wing or wing plus body,
relative to L.E. of mean chord as a factor of ¢

dCy,

change ih aercdynamic centre position due to additicn of body
or fillets to wing. ©Positive for stabilising change.

factor oconnecting 4K, for various body diameters
total body tength

ochord of fillet measured from wing root chord T.E. to
Junction of fillet and body planforms

overall moment oh inclined body in field of potential flow

body front length ahead of L.E. of wing root chord, o.

25,



Vol

<

2l

= body front length ahead of L.E. of wing centre-line chord , o,
= body rear length aft of wing root gquarter chord point

= body rear length aft of T.E. of wing root chord, o

= body rear length aft of T.E. of wing centre-line chord, cq

= wing area taken as area of wing fapered to centre line in

presentation of results, or defined as preferred in application
of general analysis

|

velocity of free stream ’

volume of revolution of the body plan fomm = true volume for
bedy of revolution

= incidence of wing chord line to free stream

4

= local anglc of inclination of alr $o body

=0y = "AKn) 2‘%’- for wing of any aspect ratio
cD

= value of A when wing aspsct ratic = 10

= valus of & when wing aspeet ratio = 5

It

downwash angle behind wing at position of body centre-line

angle, in degrees, of reflex of fillct lower surface to wing
no-1ift line

"

mean value of %% from a glven position shead of wing down 1o
wing L.E.

26.
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APPENDIY 1

.

1
'

Potential flow formulae for O and A, due to body

' Le The formulae of Refs5 and 6

Using the notation gaven in this report, at is shown in Ref.5 and
6 that the overall moment on a body in potential flow is

where the origin of reference lies ot any point on the body axis,
where b = body width.

Integrating by parts and writing in ceefficlent form

sz_z(_."f 6b2'dx »

250 L

independent of fore and aft position of origin.

If the body does not affect the wing lift, at Gy = 0 the wing
has no effect and B = constant, equal to =iy, the angle between body
axis and wing no-lift angle.

. 7 o ‘ iy Y,
e+ A0y, due to body.= - X u[ b° . ax ___&w 01,

L

285¢ I, “ 5S¢

iy being measured in radians.

Again,
dcm T Jf ap 2

......._._.:—-:- —— . 'dxi
da 286 L da .

i

If the wiyng lift slope is unaliored by the presence of the body, this

gives
Yy

’ ac . o
AK, due to Pody = = —2 = = _T fé-é.hz.ax
dCr, 20,83 L aa

Wing height and body depth do not appear as variables in cither
of these formulae, and both Alm, and AKX, vary as (body width)2.

Ahead of the wing g-f;. >1 duc to upwash, over the wing ag = 0,
da

. ap
and aft of wing — <1 due to downwash. Thus the part of the body
. . 28 '
- ah.ad of the wing has the daminating effect.

For the models used in the systematic tests, b = the diameter D
of the oylindrical body, cxocept for clliptic nose and tapered rear
. fairingse Writing b2 on the nose fairing = D2-(function of nose
fairing Sl.mpe)’ we have, toking origin at wing L.E.,
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4K, due t0 body = = =

o
] g"—; D% , ax ~ (nose fairing effect)
lm

2a8C
G;bn -t
+ j/ -EE.bz.dx for rear bodyi
do ‘
c i
-2 T} .
o === |1 e = (nose faaring effect) + (rear body effect’
aSo da f
vh 0
ere '
1
E B o 9"'@' . d:x. L ]
deg I da
m

. "'CDZ m E’é‘ . .
« « AKXy, due to body ;—S—E- (-E} -d_; ~ (nose fairing effect)

+ (rear body eff‘ect):l

This is the expression quoted in section 6.1 of the report.

2 Evaluation of the formulae for models {ested

(1} Por 9 ine dia. models on large-span wing, the following values
were calculated ;-

&

Body combinations |-ACmg for iy = 29| =ACy for iy = 6°
1,1 0.0219 040656
1,2) (2,1) 0.0248 0.0/42
1,3), (2,2),(3,1) 040276 0.0828
1,4) to (41 00305 0.0914
2,4) to (Le2 040334 0.1001
39lt) (43) 00363 0.1087
Legly 0.0392 041175

The values are independent of wing height and fore-and-af't positiom,
and body depth.

For the 13.5 in. din. bodies, results are multaiplied by 2.25.
For the L5 in. bodies, results are multiplied by 0.25.

For the small span wing (holf area of big wing), values arc
maltiplied by 2.

(i1) 7In order to evaliuate the expression for 8Ky, charts for
apg gE . .
—~— and 7 ahead of the wing are given an Rof.6; +the values are bascd
do x
30.



on a plain reotangular wing with no allowance for effects of body on

local wing 1lift distribution.’ Behind the wing EE.= 1 e EE and
do da

a simple formula for downwash is given in Ref.6. The value of "a", wing
l1ft slope, has been obtained from test measurements. The following

values of =0K, due fo bedy 9 in. daa. on the large span wing were
calculated:-

~\K, (large span wing, 9 in. dia. body)

Front body no. 1 2 3 4
Rear body no.l |0.086 0106 0.125 014k
2 10,091 0,111 0130 0.149

3 104095 0,115 0,134 04153

L 04100 0.120 0139 0.158

The values are independent of wing height end wing-body angle
and body depth.

For the 13.5 an. dia. bodies; results are multiplied by 2.25.
FPor the 4.5 in. dia. bodies, results are multiplied by 0.25.
For the small span wing, SZ is halved, wing lift slopes is altered

ard L, changes according to the charts of Refs+6. The values
do

ocalculated for large span wing now have to be multiplied by a
fTactor nearly constant for all cascs, mean value Z.k.

¥ Allowance for wing shape and body effect on 1ift seemed an

unnecessary refinement, as the simple eczaleculations made here show
that the theory only partly agrces with test results an any case,
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AFPPENDIX TT

Formula for AKp due to wing root fillets

Consider fillet plan form as rear extension
to wing, taken right across body.

The mean quarter chord shift is roughly .

%Cf Sp
Se
where cp = mean rearward extension due
to fillet
_(bpPp + D &g) (D 4+ bp)ls
(D + 2 bg) D+ 2be
while Sp = shaded area = (D + 2bf)c + (D + be)lp

i

(D + 2bp)e + £p) = b £p

(D + 2 bp){c + £p) approximately.

]

« « oentre of pressure shift of wing =

(C+£p)(D+D
AKp due to fillct = £¢ £ f) .

l. 8¢

The lengths £p and Df are assumced to be those of the fillet

outgide the moximum width of the body, 1.es the part of the fillet not
seen in plan vaew 1s ignored.
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APFENDIX TIIT

Formula for ACy,, due to fillets

Analysing the measured effects at constant « ,

A 2om A
‘= Al b | C -
For the flat plate fillets of "medium" planform

ACp = ~0.0055 6 ,  (from measured 1ift change),

and
Aoma = 0.0035 6  (from Fig.20) + 0.01 ACY,

= 0.002) 6

where & = fillet lower surface weflex angle.

The correspording values for a plain flap of the dimensions of the
fillets and the body in between (as for Appendix III), have been
calculated according to Ref .8, and it is found that

ACG, (measured) = 2,07 ACma (caloulated) and
24
ACL (measured) = 1le3 ACp (caloulated) .

For the range of fillet planforms likely full scale, the charts
of Refe8 can be simplified to give AC, and ACy, in terms of filled
Q

dimensions; thus

AC,Tb‘ (calcs)

D+be
0.022 N7 -*Er-e and

D+b
00, (oalcs) = ~0.061 Ay (——;;—E) 0

where A is given in Ref 8.

For the"mormal" fillet thickness, the thickness effeot was seen
in Fig.20 to be about 0.030 on ACm,, nearly independent of Op.  This

can be generalised on the assumption that it vardes with fillet overall
gpan and chord; hence

. o+lp\ [Dabp
(Aqnd)thz.clq:ess = =0,2 ( ) (_b_)

cC
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Finally

ac .
2407 AGma (calcs) =~ 1.3 EE; (4C,)(calc.)

(Acmo) due to fillets

# thickness effect.

C+ ﬂf) D+byp

(0.046 + 0.08 i%) MO = 0.2 (

acr, o b

where M is given in Pig.5 of Ref.8 and = 0.5 to 0.6 for normal fillet
chords.

d
If the nowtail Cy is being considercd, a%?Lnay be large for an orthedox
L

with-tail aircraft. But if the overall tram change for an orthodox air-
ag

B
? 4cg,
is usually small enough for the second ferm in the expression to be ignorcde.

oraft, or the value of Cp, for a tailless aircraft, is being considered

It will be noted that the formule derived above does not give
Acmo = 0 for 6 =0, because the thickness term was unaffected by 6 for
the range of values of 6 wused in the analysis. At very different valucs
of 6 from those used here we may expect the thickness term to vary in an
unknown manner, and for 6 = 0, the value of Alp, may or may not equal zero
depending on the shape of the wing-body feiring,

¥hen bp, fillet width, is zero, we should expect ACp, = 0. The

above formula, which uses (D + be) as a variable, obviously breaks dowm
for very small fillet wuidths.

A Gt et efts e v

Slie



AFPENDIX IV

Accuracy of generalised methods of prediction, and
comparison with other data

1. AKX, due to body, no fillets

The following table comparés results from the systematic tests with
values estimated by means of the charts of Fig.22:-

Test body Wing _'ItLE_;pe ot gc-;dy ""AKn due to body
atLo 12+ MEstimated | Measured
1,3 5 L5 0.068 0.068
333 5 ) 0.100 0.095
3,1 5 9 0.289 0.290
3,3 10 &he5 0.,042 0.042
3,3 b10 13.5 024, 0.258
2,2 10 9 0.106 “0.104 to
0.112
(4y2) 10 9 0.148 | *0.144 %o
0.159

*Range of various wing heights and angles relative to body.

The table shows that the charts rcproduce the test results on which
they are based to a mean accuracy of + 0.00%4.

The following table compares e¢stimated and measured effects on
various airoraft models. All the models were tested without fillets
except for the Meteor, Bristol 175 and Stirling. In the first two
of these the fillet 1s very small and cannot have much ceffcct. According
to the analysis of Appendix III the fillet should reduce =8Kn, but no
allowance for it has boen mede in ostimated velues given below :-

Aircraft model ﬁgf' m n ~0Kn due to body
. G c Estimated | Measured
Hormet 10 | 0.26 1 1.5 0009 04011
Brebazon 11 | 1.981 2.67 0.070 0.076
Ayrshire 12 | 1483 ] 231 0.107 0.100
Brastol 175 13 [ 1696 | 3432 | 04129 | #0.105
Meteor . 1 | 0.91 1 16 0.036 0.038
G.0.345 15 | 1427 | 1465 0.055 0.051
NeAoColhe model 16 | 0.12 1 2,91 0005 0.002
Qo511 2452 0020 #4009 to
" 0 ¢015
D76 | 2427 0.029 *0.022 to
0.030
1.01 .2902 \ 0-036 *0.038 to
004,
1e51| 1.52| 0.048 04057
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: -0k, due to bod
airorast lodel | oo | 2 | 2 - >
Estimated | Measured
Manchester lal |2.1 0.029 0.030
Lancaster 1.1 (1241 0.022 0.020
Stirling 1.05l2,1 0.030 0.035
Taggggd wing/ 1.5412454 | 0,036 04038

# Bristol 175 was tested with 3 angles of wing swecpback.
Value gquoted here is exirepolation to zero sweepbaak.
Sweepback effects on AKp measured agree quite well

with valucs estimated by Ref.9.

¥ Extreme values for various wing heights and wing body
angles.

The table shows vhat, aport from the Bristol 175, icalculation
and measured are within a mean agrecment of +0.005.
|

2 AKp due to fillets

The formmla in Appendix II, when applicd to the systematic test
model gives the followlng comparison with measurement:-

Fallot ~AKy dve to fillets ,
Estimated | Measured

Small ~0 0005 “m(} 0006

¥edium | ~0.017 . | *=0.015

Large =0.044 =0.018

Mean of all values measured,

The agreement 1s satisfactory except for the "large" fillet.
The large fillet effect depends on a single case, and the zere "no
fillet" run was not repeated at the time. It is likely that this
single rcsult is wrong. However, the practical size of fillet
ingtallations full scale is unlikely to cxoced the "medium".

There is very little adcguate data from ad hoc tests, but the
following table summarises what is available:.

Aroraft Ref. ~0Kp duc to fillets

Modcl No. Estaimnted | Measured

Brabazon {large)| 11 ~0+025 ~0.005

| "Dakota ~0,0L1 +0.011

¥ Tested without nocelles, which lie close to

wing root.
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These results are not in agreement with the formula suggested:
it appears that the.formula overestimates the stabilising influence.
In the case of the Dakota, the test result shows a destabilisation due
to f:.llet, wh:.ch cannot be conceived in the anelysis of Appendix I,

3 ACm due to body, -no fillets.

L3 v

Comparisons of test measuremcnts witi the values shown on the
charts of Fig.23 for the systematié test model arc given in the
following table. ' '

Rest |Wing Aspect| Pody-| iy |—oomo due to body
body Ratio dia. | deg. | Estimatoed | Moasured
1,1} 5 he5 | 2 0007 0009
343 5 L5 2 0.0128 040135
3,1 5 9 - | 2 0.0335 0.030
3,3 5 9 2 060387 04033
1,1) 10 Le5 2 0.0035 0.0035
3,3 10 Le5 2 00061 040055
~ 1,4 10 |9 2 00135 ~0.0185 to
0.0125
(2,2) 10 9 2 00154 *0.014 to
0.0175
(2,2) 10 9 6 00461 *0.0465,
i ) 0.0545 o
El 43 10 9 6 0.0403 0.047
3,3 10 1345 | 2 0.0402 0,052

* Means for various wing heights.

i

The table shows that, apart from (1,1) 4.5 in. dia., and the
high value for (1,4) 10 in. dia., the.values estimated are all within
20% of the original test resultu. Of the {two excepiions, the first
is numerically {00 small to expect a h:.gh accuracy, and the second

refers to low wing, no fillets, whach is a casc whioh does not occuxr
full scale. -

The followwing table compares test results on aircraft models
without fillets, the exoeption being the Bristdl 175 which had a
small fillet of unknown dimensions:-

-Acmo dus to body

Alroraft \‘ Ref', L iy , \
model | Nos | D |deg. | Estimated | Measured Remarks,
Hoxmet & 10 10 57 00047 0004 ;
Brabazon 11 Fel5! 549 0,031 0,053, | Without and with wires

J 0.047 on wing surfaoe.
_Ayrshire | 12 o3 | 246 04017 0045 - | Turned-up rear.Square
body.

Bristol 175 13. . 948 | U7 00345 0047 Turmed~down nose.

[ 1 . ) Small fillet.
G0 345 15 - Tak | -5Bed g 0.020 * | 04033 | Tnaoccurate data.
Vampire T A Y R R o RN .OOJ:f"_F . 05008 | Turned—~down nose
- " o csne o+ and large ocabine.




Aireraft’ "3?f- L iy ¥no Que to body Remarks
* Model NOW D deg. | Estamated | Measured
NehAeCuls 16 5 '86 8 0 -016 0 -025 Mid .Wing « Two fore=—
Model 0.019 04029 and-afft positions.
04016 0.018 | High or low wing.
Manchester 11 | 645 0.0125 0.0125
Léncaster 1.1 645 0.010 0.007
Ta.pere 11.8 1-[--5 000.155 00026
wing/body

-Difficulty arises in defining the body axis in some casess The mid~
height line was taken for the Hornet; no allowance was made for the
turmed-down nosd shapes.

H

It is seen that the calculation agrees vwith measurement in 4 out of

the 12 cases iiste&. In the other 8 cases, the caleulation undcrestimates,
on an average, by one third to a holf.

I ACmg 8ue to fillets

.
ot

1

- The formula of Appendix ITI, when applied to the systematic test
model, gives the following comparison for the fillets of “normal"

thicknessi= - .
Pillet 5 -Acmo duc to fallets RemaTks
size deg. | Bstimated | Mcasurcd
Small 12 -0 .006 =0 006 Mean for iy = 29.
Mediun 8 | +0.001 ~0.004 | Mean for (1,2) and (1,4) at

(nose(l))} 12 | =0.013 -0.015 ;iw = 20 and 6°,

- 16 | =0.028 =0 402

. Medaum 12 =0 4017 ~0.018 Mean for all noses (4) at
(nose 4 ) : iy = 20,

large 12 | =0.024 -0.015 Single reading (2,2).

The variation with 6, the roeflex angle, is slightly overestimated
because of the simplfication in the analysis that the thickness coffect
was indcpendent of & (the "normal" thickness line and the flat plate

line in Fig«20 arc not guitc parallel). The large-fillet effeot is
' overestimated; this is the come as for AKp due to fillets. The greater

d
value of E%E for front body (4) compared with front body (1) is
. &L - .
reflcoted in measurement and cstimate by an increase in Alp, dae to
fillets. v, . '
T

. Qomparison with available ad hoc dato gives the following table:-

. | piroraft | Rof.. -Acmo due to fillets
‘ Model | No.  |Estumated | Measured
v, Brabazon!| 11 ~0+030 ~0.012
*Dakota +0 007 +0.002

#Pested without nacclles (which lie
close to wing rqot;.
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The overestimation on the 3rebazon might possibly be comnected
with a shielding effect of the wing (214 thick, 3.3% camber, cusped
section) at the low test Reynolds number. The changed sign for the

Dakota fillet (due to the small amount of reflex} 1s rcproduccd in
the estimate, )
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BODY

WING -

Gross_area (tapered to
centre line)

Span

Mean chord

Centre line chord

Root chord.

Aspect Ratio

Taper Hatio

Centre line t/c
Uentre line section
Bip /o

Tip scction

Cdmber

Dihedral

Sweepback of.% chord line
Twist

For all bodies:~

TABRLE T

MODEL DETATLS

11111

Qo gQlotw

Elliptic normal nose fairing length
Elliptic short nose fairing length

Tapered symmetrical rear fairing length

Tapercd turncd-up rear foirang length

Body dismeters I

Body lengthsi-

m, g
line chords respectively:

1-{-:5 ine

9 1n.

Large Span

980-1 Sdo
99 in.

12454 in.
12,8 in.
12.86 in.
13.186 in.

10

16.2
742
27 in
27 in
13.5 in.

a
i

Small span

490 sq.an.
495 in.
9!9 in.
15-5 in.‘

ine

(for 13.5 in.
diaa bOdy)
(for 13.5 %
9 inc_bOdy)
12.22 1n.
(for 9 an.
dia. body)
12.86
(for L5 ina
disae bOdy)

5

2 1
18%
N-AoGIA.thB
12%
N.ALCWA2HL2
2%
Upper surface
horizontal
OO
0% .

ine
in

1.2 OO

0e53 00

2 ¢]e

. = 2 OO
also 13.5 ine duep X
9 ins widc.

=
=4
-

s body front length mcasured from L.E. of root and centrc

n, ng = body rear loengths measured from
T+E+ of root and centre~lanc chords respectively.

Body

0.

Front length - inches
Do SO
oy 5 A =10 A=5
135 dnel 9 ine | &e5 ine 9 ine | &5 in.
1 | 20421 15 20044 20.% | 20.28 20452 20436
2 | 2645| 1496 26.7L 26.66 | 26.58 26.82| 26.66
3 | 32.8]| 2430 33.04 32.96 | 32.88 33,121 32.96
L | 391 ] 249 39,35 1 39.26 | 39,18 392! 39.26




Rear length - inches
Ng
no -é-c;- n
A= 10 A=5
1 | 28e3| 241 | 29.02 | 28.78| 28.5L] 29.26 | 28.78
2 | 34eb | 2457] 354321 35.08! 3L..841 35.56 1 35.08
3 | 409! 303! 41462 { 414381 41.14] 51.86 | 41.38
bl a7420 3405 1 57,92 | 57468 | L7k lpB.lSlLﬂ-68

Total body length, L, is obtained by addang front, m,, and rear-body
length, np, and cg = 13¢5 in. Values of N used in Fig.2} are

',oBtainéd by adding é%g = 10.1 in. to values of ng« For NVD, divide

by approgrrate body dwameter.

WING-BODY JUNCTION

‘Helght of wing centire line gquarter chord point:=
Low wing  3.10 in. bélow body centre~line

Mid wing on body sentre-line
High wing 2.60 1n. above body centre-line

Wing-body angle:-
. o} o}
Geanotric 07 and L

herodynamic,iy 2° and 6° (measured relative to wing no-1ift linc).
Wing wes pivoted about wing contre~line quarter cherd pointl

GG FOSETTON

L

Prtching moments measured in test about wing centre-line quarter
chord point: ’
Pitching momsnt results referred to wing mean quarter chord point.

Ld.



TABLE IT

Comparison of aircraft dimensions wath test model

Some damenslons are approximate, Test model refers
to 9 1n. dia. bodies on large-span wing.

¢ = mean chord; ¢ = root chord, D = body dira. at wing L.E.;

m = body front length ashead of L.E. root chord;
n = body rear length aft of T.Z. root chord;

Tudor I | Tudor II! Hér&es Apollo |Brabazon | Bristol 175 | Test model
! il
Wing Carber ¢ 1.6 1.6 1.5 2.5 3,3 2. (root) 2,
Dihedral 3,5° 3.5° 3.5° : 4.5° 3¢ 5 1
Root t/c % 18 18 21 | 18 21 17 18
T1p t/c % g 8 7 18 15 13 12
Aspect Ratio 10 10 F9.1 8.7 9.9 9.5 10
Taper Ratio ° 3 - 3 - - 2.6 - 2 : 3 3.3 2
/e 0.75 0.75 0.78 0.78 0.76 0.65 0.77
Wing/body
angle 40 40 59 OO 3.50 5o 0% ang 40
Body D/ 0.63 0.69 0.69 | 0.78 0.60 0.62 0.70
e 1.4 2.0 1.6 1.9 2.0 1.9 1.58 to 3.05
1/ 2.6 3.0 2.5 2.5 2.6 2.9 2.24 to 3,71




TABLE 11T

Aerodynamic characteristics of large and small span wings

Wing o

C
Aspect Ratio | L % “n

10 "'3 .9 "'0-:U+9 00012}4- "'0-0562
“2a3 -0.029 -0.0518

~0¢75 0.105 -0.0473

0.8 04231 | 0.0122 | =0.0430

2ok 0.351 ~0.0381

3.9 Oeli75 =0.0347

5.5 0609 | 0.0237 | =0.0346

8.6 0.866 «0.0330

11.7 1,013 -040122

1342 1.086 ~0.0037

1.7 1le131 040755 | +0.0015

1643 1.149 -0.,0008

17.75 1,149 -0 60099

19,15 | 0.922

5 =346 =0 080 -0 0550
=24 0,018 | 040126 | ~0.0511
~Leb 0.040 | 040120 | =0.0469
~0+55 04100 | 00124 | =0+043L
0495 0.196 | 0.0132 | =~0+0380

2eth 0.286 =0.0315
L0 Ce380 0.0196 | ~0.0257
5e5 0481 =0.0209
7.05 00586 000335 ""0 00192
8.55 0.689 ~0.0184
10.1 06776 0.0540 | =040133
11.6 0.849 =0 0047
1346 04937

15465 1013
18465 1.098
2146 0.825

L3



TARLE IV

Typical lift ard pitching moment measurements on body combinations

body lengths on rear body (4). Low wing, 9 in. dia. body,
Medium fillets,

Pitching moments referred

Range of front
: large span wing, iw = 6°.

to wing mean guarter chord point.

o ACy ACy

o L due to Cr, due to
dege. QM body - % body

Body (134) Body (234)
=255 | =0+4205{ ~0.0922 | «0a0365 |=0+10L | ~0.1031 |~040473
~Lle5 - . - ~0.021:| ~040899 |=0.0374
~1.0 06021 . =0.0778 | ~0.0268 | 40,021 | ~040844 {04033
=0 425 - — - 0.08 | =0.0756 |=040270
0.6 0.155) =040634 | =0.0174 | 04158 | =0.0656 |=0.0198
1035 [ - bl 0.213 "‘000576 "'0001)4.3
2.1 04282 =0.0495 | ~0,008L 04281 | ~0.0483 |-0.0068
347 .0e419| =0.0342 060034 .| 0el2l | =0.0317 0.0056
5025 | 0455L| ~0.0211 0.0137 04556 | =0.0159 0.0188
6.85 0+696F =0.0106 0.02314, 0.702 | =0.0021 0.0320
Bels 048201 =0.0013 040327 0824 | 40,0107 0 Ol
Rk Body (3,4) BoAy (kyh)

=255 | ~04111] =0.1111 | =0.0552 - - -
=1e5 | =0402L| =0.0978 '| 040453 |=0.003 | =0.1043 |-0.0525
=10 | '04027| ~0.0906 | ~040398 ‘| 04035 | ~0.0979 |-0.0475
~0e25 | 04085 “=0.0800 |=0.,03L4 | 0101 | =0.0853 [~0.0374
0«6 .| 0a1l52] " ~0.0686 | ~0.0226 04174 | =0.0731L [ ~04028L
"1e35 |7 04209| =0.0601 |~0s0162 | 04228 | =0.0627 |=0.0195
2.1 Ce278| " =040485 | ~00070 0e298 | ~0,0508 |=040098
" 347 0eld8| " =~0e0276 “! 040099 | 04436 | =0.0263 | C.0107
" 5425 04549 =0.0096 0.,0251 04567 | =0.0058 00288
"6.85 1704689 0+C0L3 | 040383 0726 040115 00459
" 8al 0.829|  0.0210 | 0.0546 | 0.846 | 0.0297 | 040627




TABLE V

Change in aerodynamic centre and due to body, no fillets
i 0 YI

9" diameter body, large span wing
The low wing measurements marked * were made separately from the other tests.

« 7

- e e o . ""AK.n . —ﬂomo |
Wing height J Body i, = 2° | 1, = 6° i = 2° i, = €°
Iow.....|.1,1 .| 0.078 0.082 0.013 0.045
1,2 0.081 0.083 0.0165 0.0485
1,3 0.097% 04017
1,4 {.0.092¢ . 0.0185 - .
2,2 7 1.0.107 0.10L | 0.0175 0+0545
2,3 1.0,106 0.121*% 040195 040195%
2,5 |.0.114 . 0.022
3,3 L 0.106% | . . - Dl.022%
3pls - 0. 140" 00225
by3 00163 : 040235
by k. 04158% 040230
Mid Set A Set B 1 Set A Set B
1,1 0084 0,080 0.073 0.011 0,010 |0.035
1,2 | 0.088 0,083 0.077 0«0135 0.0105 |0.0395
1,3 00885 0.088 04012 |0u043"
' 1ok 104098 04094 0.087 0.015 0.0135 0047
2,1' 104110 - 0,101 040145 . 0«0kl
2,2 10412 0.106 04105 U017 0,01 1 C.0kA5
2,3 04115 01085 0.110 | 0«019 0C.C15 {0.048
2,4 | 04113 03110 +| 0.016 . 0,055
3,1 04128 0,116 0.0165 . 0.0515
3,2 10.136 (el27 0.123 Ga021 0,016 10.0635
3.3 | . 0129 0al2L45 - 0.017 | 0.057
354 y 0.128 0.0615
Lol 10elh5 - 0.141 0.018 . 040585
4,2 0.159 Q.152 Oelldy | 040235 0.019 10061 .
by3 00152 O o Ll 0.0195 | 0.0645
Lyl 04150 0.0700
High 1,1 0076 0 «0095
1,2 0,082 0.011
1,3 0.088 0.0115
1,4 0.090 040125
2,1 0.104. 0.0LL
2,2 04106 040145
2,3 0.111 0.016
2,4 0,115 00165
3,1 04129 00175
5,2 04129 0.0175
33 0.135 0.019
Sak Cal37 0.019
Ly 1 0149 0.0205
4,2 0150 0020
by 3 Uel52 0.021
by ly 04155 0.C195

LA,



TAELE VT

Effect of Turned-Up Rear End of Body

9" diameter body, large span wing

Datum cases marked with * were repeated at same time as turned-up body tests.

—AK oy
Wing iy, | Body [ N s
Position ‘ Symmetriocal | Turned-Up{ Symmetrical | Turned-Up
Rear Rear Ruax Rear
Low | 2°| 2,2 0.095* 0.092 0.0035% 040020
(with 2,3 0.098* 0,09L 040045% | =0.001
medium 2.l 0 104* 0.099 040035% | -0.002
- fillets) 6% 2,2 0.092 .08k 00315 0.027
) 2’3 0'09?'{; 01090 000535* 00027
2,4 0,102 ' 0,096 0.0355 04027
migh |2912,2 00108+ 0.099 04013% 04009
e i ' | : |
TABLE VII

Effect of Nose Shape Variation and Cabin

9™ dismeter body, large span wing, i = 6°
. low WJ.nyg’, medium Pf‘llletsg’ w
Total body front length s not altered by chemnge in nose-shape

Normal foaring oase was tested at same time as
both shorter nosc and cobin tests

»

Body Nose Shape ~AKp Acmo

1,1 [Normal elliptic fairing| 0.071 | 0.0227
l’l Shorter " fn 0-080 0] 002514-
3,1 |Normal " n 0,117 | 00370
3,1 |Shorter " n 0.124 | 0.0392
3,4 |Normal " " 0.125 | 04043,

3,4 [Cabin nose-picce 0123 | 040455

L6



TABLE VIIT

Effeot of voarying boiy diameter and depth and wing span

Mid Wing iv;

= 29

The "retio" tabulated is the value 0T 445" or 13,5"
diometer bodies divided by the valuc for the 9" hody.

) AKX el
Body Eody 2 o
Combination gize A= 10 ‘.efing A=5 WATE A = 10 'Wj_ng A= 5 wing
Valueskliatio Values| Ratiol Values |Ratio| Values | Rat1io

1,L Le5" Diae |0e026 (0432 |Ca064 | 0435 |040035(0635 |0e0090|0ekb
9" Dna. | 0.082 |1 0.184 |1 0.0100 |1 0.0195(1
1315“ Dioe 0.11}-6 1.8 0-0225 203
9" x 135" | 04084 | = 0.011 | -

1,3 Le5" Diae [ 0028 [0.32 |0.068 | 0434 {0.0035|0.30 {0.0095|0.28
9" Diae | 0.088 (1 0.199 |1 0.0115]|1 0.0250(1
13.5™ Drae | 0elb5 |19 0.030 |2.6
9" X 135" [ 04096 | = 0.0L45 | =

3,1 Le5" Dine {0«040 {032 [0+092 | 0432 |0.0055]|0438 |0,0115/0 .58
9" Diae 0.125 i1 06290 |1 0+0145 |1 0.0300{1 |
13_05" Dia. 002).]-1 109 0.031;- 2-3 E
9" X 135" | Qel35 | = COLL5 | - i

3,3 Le5" Dige | 04042 10431 [0.095 {Ga31 |0.0055]0431 |0+0135]0ail
9" Tia. 0-13? 1 00521 1 0-0175 1. 000330 i
13.5" Dnas 0-258 1-9 C.042 2.L|-

911 X 13.5u lo.l]_’s - 0.019 -




COhange in aerodynamic centre and Cng due to body, medium fillets

TABLE IX

’ an ;i-:.a. body. Large span waing. Low wing.

" Normal fillet shapc. Reflex 6 = 120 and 16°

A =00y
Bty i, 2% | i =60 4, =20 | i = 40
1,1 0.067 0.067 04002 0022
1,2 0,068 0.070 0.001 0025
1,3 04079 0.074 0.0005 | 040275
" Lh | 04079 0.075 0.0015 | 040285
2,1 04090 0,089 0.0035 | 04030
2,2 | 04093 0092 06004 040315
12,3 | » 04095 0,098 0.0035 | 040335
25k 04102 04102 0,0035 | 00355
'3,1 | *04107 0.115 0«00k, 0.038
3,2 | *04l12 04117 0.0055 | 04039
353 0,120 00123 0005 04042
el .| 04120 0el25 0.0055 | 'Ca043
Jiyl 0126 0e136 0008 | 040435
Uy 2 ,0el32 00138 G008 Ce0455
y3 Oel30 04143 040035 | 0.0L9
Jigly 0.137 0ellh 04006 0.052
TABLE X

Change in aerodynamio centre and Cpg due t0 body, small and large fillets

o™ dias bodys Lorge opan wing. Low wing.
Normal fillet shapcs Reflex 6 = 129 and 16°

) =0

Fillet| pogy fn o

Size iW = 29 iW = 60 :LW = 20 iw = 60
Small | 1,1 0.072 04035
small | 1,k | 0092 04120
small | 2,2 | 04100 | 0.101 | 0.01L | 04045
small | 2,3 | 0.108 00130
Small | 2,4 0.116 00147
Small | 3,2 | 0.121 040132

Small | 4,1 0146 0.0140
Large 2ye 0.090 00025




TABLE XTI

Effect of fillet reflex and thickness on =K, and =AGy  due to body

9% diae body. Large span wing. Low wing.
The no-fillet and with=fillet measurements werc made ot the same fime.

«

~

Body | dy iﬁé}j@ | Biliet Thickness L e
1,2 29 .| no fiitlet - 0.081 | 0.0165
89 normal <0070 | 0.0135

120 " 0,071 | 0.0035

160 - " 04069 -0.0060

1,4 | 2° |no fillet - 04092 | 0.0185
S B normal 0.0775| 00133

v 129 L , 0079 | 0.0040

16° : " © [ 0.080 |=-0.0067

12° Fillet filled out | 0.07% | 040096

1,2 | 6° jno fillet - 0.083.!, 0.0483
120 normal . 0069 | 040320

.| 16° normal . 04070 | 040233

16° flat plate 04050 1=0+0096

1 20° flat plate 04043 | =0.0230




For AK, the no-fillet da.tum values

TABLE XII

Effeot of fillets compared with no={illet measuremcnits

3l

- 9% dnae body. Large span wing. Low wing.e

arc means for all wing heights and

values (because insufficient and scattercd valucs measured for low wing).

For Aﬁm the no—flllet datum valucs are those o

actually measured for low wiig.

In all tests La flllet was f¢ttcd an hoth port and stabeard Wlngébody

Junctions, 7

. ! . ' Fillet reflex @ Change in ~AKn ! Change in ~Aqu
Ln&yngii:t ngzii::s A 9 dege ! due %o fillets | due to f1llcts

iy = 2%, = 6° | iy = 2001, = 60 ' =200 = 60
— : . -VAH, | 1
From Tables IX and X | | . : :
1,1 |[Small | Normal ~ 16 -~ |~0.006 ~  ]=0.,010
1,k 12 - 0 - c[%0.0045] =
2,2 12 16 04006 |=0+007 |0.0065~C.0095
2,3 2 - ~040025| * = l~0.0065{ ~ |
24k 12 - 404003 | = «0.0073] =~ |
3,2 | ~ 12 - -0.006 | = ro- -
byl 12 - +0.001 | - - -
1,1 |Medium| Formal | 12 .| 16 ~0.011 ;=04011 |[e0.0LL [-0.023
1,2 12 16 ~0.0L; [=0.012 | w0.0155|=040235
1,3 12 -l 16 -04012 |~0.017 {~0.0165] =
1ok |12 16 ~0s013 |=0.017 |=~0.017 | =
2,1 (12 16 ~040L5 |=0.016 | ' = -
2,2 |« i“lz ; 16 04015 [=04016 | =0.01351-0.023
2,5 | 1216 -040155| 040125 | =0.026 | =
25k i» b1z a6 | ~c.011 |-0.011 | e0.0L850 -
3,1 - ~12 | 16 ~0.0L7 [=0.009-4 = -~ =
_3’ 2 i 12 16 0 003.7 -( 0012 - ! -
3% | 12 16 | =0.015 {0,012 | 04017 -
3ok | 12 16 =0.015 |-04010 | =0.017 | =
Lyl P12 16- -] ~0.019 |~0.009 - =
by 2 12 16 | 0,010 [=0.013 - -
by | , - 12 16 ~04023 1 =04010. | =0.020 | =
N 12 16 ~0.017 [=0.010 | =0.017 | -
1 ! 1
2,2 Ai;arge” Normal | 12 - 0.0l | = =0.015 | -
From Table XI. . . | , A '
1,2 [Medium| Normal 8 12§ =0.011 | ~0.013 | ~0%003 | 040165
1ok 8 L L= 20« 0LSL. - | =0u0052 . -
1,2 Noxmal 12 16 | =001l .ou =0.013 | 0,025 |
1,k 2 - | o.013 “0.0145 -
1,2 Normal 16 - l 04013 J - =0.0225 =
1yl 16 o] =0k012 ) - | =0 0252’ - |
1L Filled out| 12 - J -0 4019 [ - -0.0089 - |
1,2 Flat plate = 16 ! - i =0.032 —- ~0+0575 °
1,2 Flet platel - 00 | E-o.039 - | =0.0715
] ] ;

N




TRLE XTIT

Analysis of test results on 5Ky, duc to body- (see seotion 6.1 of text)

a3c
No fillets A = (~AKp)
. [s]
| A(dia. D) |
. A A Lae !
Wing 10 o %5 = !
Body v m | nm .
ﬁjffgt"cbnﬂaination o c A(dl.d' 7 :.n.jl
135 ansf 9 24! ka5 ine] 135 ina| heb in. |
dao. diasi diae dice diga. .
10 1,1 1.58{242h) 2.80 | 3043 | Le56 0«82 1.33 !
1,2 {273 3s57 |~ }
1,3 3022 3016 | 3.88 | L7 0.8L | l.22
1,4 3a7L 1402
2,1 24062520 Le56
2,2 2273 Le67
: 2,3 3422 Lo79 L
T2yl o7l T L4e93 !
" < 3,1 12456122k LBl | 542 | 6496 0.85 Le29°
" '5,2 [2‘73 5\:62 '
N 3]3 ’3‘22 5300 5:65 7026 0188 1-29
- Salt a7l 5.73
4yl 3405|2020 6439
4,2 , 12673 6458
C T3 [ (3e22 6.55 )
N IR " " S 52y 6461
5 1,1 1,58 2.2 2,96 | 416 1okl
1,3 4 13422 3,18 | 4.38 1.36
T 3,1 1256|2424 ha75 | 6.02 1.27
%93 1 3,22 5.08 | 6423 1023
. - X * i .
, Ratio AS/AIO g ) .
Body et e I;quiae L5 = value of A for
. 9 ine diae ) 4eb :Lnt dros AR. = 5 wing.
1 1 !0486 0091 =
1,3 0,82 091 067 b1 = value of A for
3,1 0488 0486 AR = 10 wing.
343 0490 0:85

51.



TABLE XIV

Aralysis of test results on af;‘mo due to body without fillets

Bodies of revolution only. £ = (-./_\Omo) . Se
VOlniw
o "
!f i ; _ lean (-Acmo) ("AQnO) Value of T
Bodyi .I.'i & Body'd:.a.. 1 = 20 . i‘r - 60
i D A D dn. W'. . v . _ 20 * . = (0
i all wing heighteiMid wing only *w = : g =0
I
1,1 | 6.9] 10 9 0.0LL 04035 040175 l 0.01¢
1,2 | 7.6 0.013 C+0395  [0.,0185 | 0.0185
1,3 i 8.3 040135 04043 0,017 0.013
1,4 1 9.0 0.015 04CL7 0.0L7 0.018
2,1 1 7.6 . 040145 0404 0.0205 | 0.021 |
Ry2 | 843 06016 040465 040205 | 040195 |
2,3 1 9.0 0.0175 0048 0020 C.0L85 |
D 2,4 9.7 ! 0.018 0055 0.019 0.019
3,1 0 8.3 . 0.017 0.0515  10.0215 | 0.022
3,2 ' 9.0 | 00183 | 0.0535  [0.021 0,0205
3.3 947 04019 04057 0.020 0.020
3,4 1044 0.0205 0.0615 10,020 04020
byl ! 9.0 0.019 0.,0585  10.022 0.0225
1,2 | 9.7 0.021 0.061 0,022 0.0215
by3 [LOWL 040215 00645  [0.021 040205
Lyb |11.1 04021 0.070 0,019 0.021
1,1 | 46| 10 13% 00225 0.016
1,5 | 545 Ce030 #*The three 10,017
3,1 | 5.5 0403k values for 10,019
3,3 1 645 Ue0L2 Llow wing 0.0195
1,1 |13.8] 10 bk GWC035 omitted 10,0225
1,3 |16.6 00035 ag all G018
3,1 |16.6 00055 cbout 104028
3,3 11944 040055 0,008 0023 |
1,1 | 6.9 5 9 0195 higher and iC.155
1,3 | 8.3 04025 would not [ 0.016 |
3,1 8.3 UJO}O give fair 04019 E
343 | ST 0a033 mean value [0.0175
1,1 ]13.8 5 Ik 04009 10.028
1,3 11646 040095 10024
3,1 1606 C10115 }00029 i
3,3 11944 Ge0135 io.0285 ;
|
52,
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