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FOREWORD

This report, in its original form, was submnitted by the
authors as part of the requirement for the Degree of 83.5c. in
Pngineering with Honours of the University of Bristol.  However,
descriptive material tout is quite appropriate in a thesis or
dissertation can be out of place in a selentific couwunication; the
present writer has therefore severely edited the original for its present
purpose. The editin~ hus taken the form, mainly, of deletion of
sections judged inapprovriate; if thercefore ian its present form the
report lacks something in continuity, the writer must accept
responsibility.

There are two points on which comment must be offercd.
First, it is perhaps not entirely clear that the vortex system shown
in Fig., 13 represeants the additinnal vorticity due to the introduction
of the fin (and rudder), compared with the condition with fin abscnt:
so far as the fin is concerned, the additional vorticity is, of course,
also the total vorticity. Any induced veloclities due to initisl
vorticity in the remaining surfaces are assumed to be included in the
imeasurements of velocity and direction with fin absent.

The second point concerns the discrepancy between the measured
load and that predicted from the vortex system of Fig. 13 and
Appendix I, The authors suggest in £ 6 that this may be due to
curvature of flow. However, the present writer has demonstrated that
about half the discrepancy can be attributed to the use of a finite
nunber of horseshoe vortices to represunt the continuous distribution:
the results of this investization are swmarised in Appendix II.

T SULMARY,



SUMIARY

A wind tunnel model of a typical low-speed, straight-winged
aircraft, having a wedge-type rear fuselage, was designed for an
investigation of the factors affecting the spanwise load distribution
over the vertical tail with the aircraft in a yawed atticude, The
model incorporated two alternate wing positions, three wing aspect
ratios, three different cockpits, three tailplane positions and a
movable rudder; but the tests described here are limited t2 two
tailplane positions. A propeller was not fitted. The fin and rudder
surfaces were fitted with orifices for pressur: distribution tests.

An approximate method is proposed for predicting the spanwise
load distribution over the vertical tail in yaw, from a knowledge of
the varlation of direction and velocity of the airflow in the region of
the vertical tail with this surface removed.

The tests were made with the low mounted wings at an aspect
ratio of 7, and with a large unfaired cockpitl, at a Reynolds nurber of
0.2 x 10° (based on the mean chord of the vertical tail of aspect
ratio 1.0) with the tailplane at high and low positions on the rear
fuselage. The tests revealed considerable variation in the direction
of flow in the region of the vertical tail. Tnis variation of {low
direclion had an appreciable effect on the spouvise load distribution
over the vertical tail, Pressure distribution tests showed a low
value of spanwise load near the base of the vertical tail and a maximun
value at three quarters span.

The proposed methed of predictiang the vertical tail spanwise
load distribution gave load values 25« higher than the values determined
from the pressure distribution tests, but is promising in that the
predicted distribution was similar in form to the measured distribution.
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1 Introduction

The distribution of the air leads oa the vertical toil
surface or surfaces of an aircrart during flipht must te accurately
estimated during design of the aircraft to satisty stressing and
stebility requirements. Sovoral mothods of caleulating the spanwise
load distribubion on unswept wings at low speeds arc in use, but thelr
application to the vertical tail surfaces glves riss to inaccurate
results, owing to the comvlicated nature of the airflow in the region
of the rear fuselage. It is not unusual frr the design of the vertical
tail surfaces %o be changed during initial wind tunnel tests so that
stability criteria should be satisfisd, tut the wmost efficient stressing
has not always beon possible due to uacertainties during design
concoerning the air load distrivution.

Methods of calculating & realistic approximation to the
chordwise load distribution on unswept tail surfaces at low speeds are
availableq, while ceveral reports concerning stability characteristics,
pressure distributions and other features of such tail units have becn
published, two of the most important being those by-PassZ and by lLyons
and Bisgooda. The latter gives a design method for vertical tails
which includes a theorctical spanwise lift distribution., Marino and
Mastracolat have drawn attention to departurcs from the cxpected
distribution. These writers also criticise the definiticn of vertical
tail suriace area used by Pass® in his analysis of several different
aireraft., Several reports have described an analysis of the airflow
in the region of the vertical tail with this surface removed, and it is
clear that this flow is not uniform, Other reports on the subject are
not compatible due to differing assumptions and test conditions. To the
knowledge of the writers, the effect of cockpit size or configuration
on the airflow around the vertical tail has not been investigated,

The apparatus deseribed below was designed for an investigetion
into the spanwise air load distribution over the single vertical tail
surface of a model sircraft having a wed u-typ: rear fuselage,
ise., the rear fusclage turminates 1a a verticzl sternpost which carries
part of the rudder hingz, so tuasd tav ruador srteads over the full
depth of the fusclage. The model could to assemblazd in several
different configuratiions, so that the cfrTuocts of different features on
the spaowisc load distribution on tro vertical teil could be studied.
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The end-plate effect of the tailplane could be investigated by tests
with the tailplane in high, mid or low positicns on the rear fuselage,
and three different cockpits were available for comparative purposes.
Effects due to low or shoulder wing position, to variation of wing
aspect ratio, and to rudder deflection could also be studied. It was
originally intended to have several vertical tails of different aspect
ratios, but shortege of time precluded the construction of more than one.
As no propeller was fitted, the effects of slipstream rotation could not
be investigated.

An Appendix to this report describes an approximate method
for calculating the spanwise load distribution which takes into account
the variation in velocity and direction of the airflow on the vertical
tall quarter chord line in the absence of the vertical tail, as well as
effects due to variation of vertical tail aspect ratio and the induced
effects due to the horizontal tail, The writers are unaware of any
previous theory which includes coasideration of all these factors in
the prediction of vertical tail spanwise load distribution.

2. Description of Apparatus

2.1 Model

The model shown in Fig. 1%, was designed to be representative
of small low-speed aircraft. A large number of canfigurations couid be
obtained by varying the position of its components so that most of the
paransters affecting tail loading could be investigated on a single model.
It was desirable to make the model as large as possible so that a system
of pressure traasmission tubes could be built into the fin and passed
through the rear fuselage without undue complexity or congestion, but
the model size was restricted, by the nccessity of avoiding excessive
wind tunnel boundary constraint cffects, to a maximun span of 36 inches.
The model was made of laminated mehogany, with the exception of the
perspex fin and moulded resin rudder. “bony was used for the wing and
tailplane trailing edge and all metal fittings were cof brass.

The wings, which were of RAF 38 acrofoil scction and had 50
dihedral, could be fitted into the fuselage at zero angle of attack in
low or shoulder position. Detachable wing tips were titted so that
aspect ratios of 9, 7 and 5 were available.

2.1.2 Tuselage

The fuselage was of rectaagular scction with rounded corners.
In addition to cut-outs for the two wing positions and tail unit, the
top decking was cut away so that threec different cockpits, representing
large and small unfaired and small faired types, could be fitted. The
rear fuselage, shown in detail in Fig. 6, had three horizontal slots
cut in it to mount the tailplane in high, mid or low positions, and a
vertical slot for the fin or fin blank. Channels cut in the rear
fuselage for the pressure transmission tubes from the fin led to a
common outlet, fitted with a short acrofoil section tube, under the
rear fuselage.

2:1.3 Tail unit

The NACA 0010 asrofcil seetion was used for the tailplane
which had a “cut out" at the trailings edge tn allow for rudder
movement. A brass ceantre sectica was used for strength reascns, and
brass fittings were used at the tips to retain the tall suspension

- e e tm me mm mm em e e e wm me mm e we e e e w mm M ne S em e e M e e e e e

“Pigs. 3, 4, 5 of this report are not reproduced herce.



wires of the mounting systent, The tailplane and tailplanc blanks
fitted ia the unused tailplans «lols were held in plasc by the fin or
Tin blank, these being retuined by two tolts through the fuselage. The
fin blank could be fitted in the vrear fuselsze in pluce of the Lase of
the fin for tests with the fin removed, and carried a brass oxtunsion
used for supportiag the resr of the model in tests with tne tailplenc
removed.

The vertical tail surface of NACA OU10 section and uspocd
ratic 1.C is shown in "1.. 6. Severaed spanwise brass tubes were placed
at varicus chordwise positions Flush with the swrface of tihe purgicx
fin. Hueh tuve had 0,06 inch diamcter holes drilled into 1t at repular
gspanwisc ilatervals and was lea through the base of the vin into tho
fuselage., PFloxible plastic pressure treasmission tubes fron the Lors
of the rudder were passed into the fuselace through o chanasl in the
base of the fin. The vertice:l vudder hine . line was at 60+ chord, the
rudder being moade of "Crystic 1ov" nolyester resia moulded aruuauw five
spanwise brass pressure traasmisslon tubes which had 0,30 inch diweter
heles drilled into tnen at regilar spanwise intervils. A serics of
brass plates of avrofoll section, each wath the part above thae rudder
at a difiercnt angle to the fin centre line, was madw.  These could be
screwed to the tip of the fin so tart the ruader could be hold ia &
soriecs of defleated positions.

2.2 Mouating system

T3 model was mounted in the working scotion of & L {cot
diometer open section closed circult wind tunael Ly a system of suspension
wires, show in Iim. 2.  An angular movemcnt in yaw of 320” WS
available. Helghts henring froa the model suspension neints were
imecrsed 1n oil to reduce vibration of the model, vhich was mounted
inverted.

SR I -
2.5 lieasuring

apparatus

The angle of yaw of the medel was wcusured by a rotatable
hairiiace tcelescops .itbed witn & pointer. This wes wmontea, together
with ¢ fized vrotractor scsle, on the wind tunnel halance above tae
bascboard, aad viewed the model throuzh a ftube in the ceiire of a2
turateble (Fig. &J.

A maltitube maasometer was used to mcasure the nres.ures
traasmitted from tae fin ana rudder, The airrlow cnaracteristics
around the tail of thu model were found by usiug swall pitot cnd static
pressure heads ond a twin bevelled tubo Conrad ) yawueter head.

Swall dismeter plastic tubes from the pressure heads trangsmitted plitot

™7,

or shatic pressurc to a Chatloch paugd.

Method

[eoniutasGpsiiiuing

W

s

3.1 Development of apparatus

As several holes werw drilled into cach fia aand rudder
pressurc tube, it was accesuwury te cover all those oxcupt the oavs at
the chordwise station where pressurce readings were required. Napeow
sirips of tuln gau_c¢ transparent albwsive btape were found to fom 2
succassful seal provided care wos taken in application, and asil varaisn
was used Lo weal holus where the surface curvaeture prevented successful
application of the nducsuve Lapo,

32/
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3¢2 Test procudure

The model was assembled with the winas of aspect ratio 7 in
the low position and the large unfaired cockpit in place. The oaly
vertical tail available for the tests had an aspect ratio of 1.0, this
being at the lower end of the propesea range of vertical tail asoeet
ratios. This model configuration was used for a series of tests with
the tailplane fitted in both the low and hign positions.

To allow for displaceuwent of the model due to air loads, %-e
desired incidence and yaw were set up with the tunnel runaning at the
test airspeed of 116 feet per second (a Reynolds numper of 0.2 x 10°

based on vertical tail mean chord).

For the first tests the rin wes removed and replaced by the
fin blank. The cantilever beam traversing equipmeni was set up in
position with the yawieter head plaoccd at a2 point on the vertical tail
Jquarter chord line acar the roct position, dus allowaace being made for
the movemsnt of the wodel anu beam under air leoads. A quarter chord
line traverse of the vertical t2il vas then medse to determine the angles
of sidewash over the in by obtaining null reudings on the U-tube
connected to the yaumeter. Similar traverses were then made with the
pitet and static pressure heads, the sidewash readings being uscd to
ensure that the pressare ineads pointed directly into the airstroeam.

The fin was then fitted and multitube manometer pressurc
records obtained in tae usual way.

The above tests were ma

5 x de with the model ot O incidence ani
8" yaw for the tailplane in both hi

gh and low rositions.

L Presentation of Results

The results of the vertical tail quarter chord liae traverses
with low and high tailplanc positions are shown graphically ia Tigs. 7
and 8 respcetively, variation of measurcd incidence on the vertical tail
being plotted in radians and the dynamic head and velocity variations
plotted non-dimsnsionally in terms of the free stream valuc ol dynamic
head and velocdty. The veloecity variation is derived from the dymamic
head variation.

Chordwige pressure distributicns at each refereance cuction
are plotted, in terms of pressurc coefiicivnts vased on free stream
dynamic pressure, in Figs. § and 10, The arca under the curves is
integrated for the novmnl force coefiicient at cach scction. This
cocificient is then multiplied by the local chord and frec stream
dynanic pressure to give the 1ift per unit span at cach section, &s
shown in Firs. 11 and 12 for the low tailplane and high tailplane cases
respectively., These figures also show the spanwise 1ift distribution
preodicted by the method of svpeadix I from the guarter chord line
traversoe.

5. Digcussion of kesulus

5¢1 Vertical tail guartoer cherd linc traverse

rizs. 7a and 8z shoi that the variation of tne total angle
of incidence of the zirllow on to the vertical tail is considerable.
Near the base of the vertical 431l ihe flow tends 1o be perallel to
the centreline of the aircraft cr even to¢ have greater yaw; but at
about one eigihth span the directicn changes sharnly, flowing across
the fuselage and at 0.25 to 0.3 raliaa to tne contreline: this acarly
douples the fin incideace due we yuor alone.  The angls of flow

relative,
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relative to the fuselage thereafier decreases and tends towards the fres
stream direction, but does not attain this direction within the span.

Figs. 7b, 7¢, Bb and be indicate that the values of the dynamic
head and velocity of the airflow in the vicinity of the base of the fin
are about 350 and 20, respectively below the free slream values. This
effect extends Leyond the estimated thickness of the fuselage boundary
layer and may possibly be duc to the preseace of a twbulent wake from
the cockpit or the wing fuselage interseciion. The free streaum
values of dynamic head and velocity are reached at about 80. vertical
tail span.

5.2 Vertical 12il chordwise pressurce distribution

The chordwise pressure coefliicient varlation (Figs. 9 and 10)
is ol normal form excopt at the base of the vertical tail where negutive
pressures occur aear ite leading edge on the positive pressure side of
the surface. This is presuwally due to the negative angle of incidence
of the flow on Lo the surface at th.s poiat. The meximam stagnetion
pressure coeflicients at secticns D, u and ¥ are scen to be less thon
unity. This iz because the gressure coefficients ure bvascd upon the
free stream dynamic pressurc, whereas the dynamic pressure in the
vicinity of these sections is less lhan the free streaam value
(Migs. 7b 2nd 8v).

5.3 Vertical tail sganwise load distribution (Tags. 11 and 12)

The spanwise load distraitbution obtained for both tailplane
positions is similar in general form to the distributicns obtained by
Marino and Mustrocolal. The maxlLoum value occurs at about H5e span
and drops rapidly to a low value necr the buse of the vertical tail.
The curves cof measured 1if% per unit spaa are similar in form for both
low and high tailnlone cases, the mexiium value for the low tallplanc
case being 100 higher thaa thuat for the high tailplane case. This is
probably due to the preater effective aspect ratio of the vertical tail
resulting from the lower tailplane position, as shown by Riley?. The
variation ot vertlczl tail loading cdue to tailplane vertical and fore
and aft location is a suilable subject for further ianvestigation with
this model.

The curves of predicted gpanwise load distribution are seen
to be of very similar Torm to the curves of measured distribution,
although the predicted values are uppronimately 25, greater in both low
and high tailplone cascs. The fact that the corcespending values of
the predicted and measured distribution curves arc in very nearly
constant rotio over the complete span proviacs some measure of
verification ol the prediction. It is possiole that the 25x discrepancy
was dus to curvature of the flow in the reaion of the vertical tail
producing an eifective curvature of this surface.” This possible
curvature ol the flow could be investigated bty making yawmeter traverses
on the leading and trailing edge lines with tne vertical *ail removed.
Thus any effective camber could be determined and incorporated in the
spanwise loadins prediction.

A noticeable feature of the load distribution curves
is a small kink which occurs ia both the predicted and measured curves
at about 75. spaa, for botih the high and low tailplane cases. The
fact that ths kink appears in all Four curves suggests that it is not
due to exper.mental crrors, aad it is neticed that there iz a sligat
variation in sidewash and dynaaic head at 750 span for the quarter chord

line/
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line traverse results (Figs. 7 and 8). This slight variation probably
causes the kink in the predicted curve as this is derived from
relationships incorporating the airflow characteristics. The reason
for the local variation in the distribution curves is unknown but it is
suggested that, considering its spanwise position, it may be due to the
efl'ects of a vortex shed from the large unfaired cockpit. Further
tests with the three different cockpits are necessary to check this
suggestion.

6. Conclusions

The variation of sidewash in the region of the vertical
tail is large and has a msjor effect on the spanwise load distribution
of the wvertical tail, The dynamic head and velocity of the airflow in
the region of the base of the vertical t2il are below free stream values,
and this effecs extends well beyond the thickness of the estimated
fuselage boundary layer. It may be due to the presence of a turbuleat
wake from the cockpit or wing root.

The method of Appendix I accurately predicts the form cf the
vertical tail spanwise load distribution and in this respect is
promising. However, the predicted values are approximately 25 higher
than the measured values of load per unit span. Further work
investigating the curvature of the airflow in the region of the vertical
tail and the pressure distribution over the sides of the rear fuselage
may reduce this discrepancy between measured and predicted load
distributions. The proposed method of predicting tne vertical tail
spanwise load distribution shows sufficient promise to justifly
continuation of this investigation.

Further experimental work should be carried out with the
existing model in order to develop a reliable empirical or theoretical
method of predicting the airflow characteristics in the region of the
vertical tail. The method should incorporate the effects of variations
in the aircraft configuration (viz., aspect ratio, wing position, cabin
shape, tailplane position and rudder deflection), aircraft attitude
(angles of incidence and yaw) and eventually, after the addition of a
propeller or propellers to a similar model, slipstream rota*tion.

If such a method were successful, the theory developed in
Appendix I would then lead to a method of estimating a reasonable
approximation to the spanwise load distribution over the vertical tail
surface of conventional low-speed straight winged aircraft having a
wedge~type rear fusclage.
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APPEIDIX T

The Approximate Estimation of Spanwise Load Distribution
on the Vertical Tail in a Yawed Condition using Measurements of
Airflow Characteristics with the Vertical Tail Removed

Ao1 o In.trod—uction

The load distribution on the vertical tail in yaw depends
on the variation of dynamic pressure and sidewash due to the aircraft
as a whole, on the induced effects of the horizontal tail and the rear
section of the fuselege and on its own induced effects. If the
vertical tail is removed and yaw and dynamic pressure traverses are
made on the quarter chord line of the vertical tuil the following
effects will be measured: the variation of dynamic pressure and
sidewash due to the aircraft as a whole, the induced effect of the rear
fuselage and that part of the induced effect of the horizontal tail
which arises through interaction with the rear fuselage.

When the vertical tail is replaced its induced effects will
increase the rear fuselage load. The following analysis is based on
measurements of flow direction and velocity made with the vertical tail
removed; it incorporates the induced effects which occur when the
vertical tail is replaced.

A2 Outline of ¥ethod

The tail surfaces are represented by a set of finite
horseshoe vortices, the bound part of each vortex lying on the quarter
chord line of the surface it represents (Fig. 13,. The contribution
of the fuselage is also represented by horseshoe vortices lying on the
projection of the vertical tail guarter chord line.

The induced incidence at the centre of the bound portion of
each vortex, due to all the cther vortices, is calculated. In the
case of the vertical tail the angle of yaw and values of the sidewash
on the quarter chord line, measured with the vertical tail removed, are
added to the induced incidence. Measured variation of the dynamic
pressure on the quarter chord line of the vertical tail is also
incorporated. This leads to a number of simultaneous linear equations,
squal to the number of horseshoe vortices, for the normal force per unit
span at each section.

Avie3 Symbols
K Strength of a horseshoe vortex

v induced sidewash velocity at a point on
the vertical tail

w induced downwash velocity at a point on
the horizontal tail

L normal forece per unit span
q dynamic pressure

v local wind velocity

c local chord

6/



B eflcotlave wesdonce angle, includinz
aaaucsd. ancle {radl.ong )
£y ot ENE - {- ot oy
¥ waagurel iacrlence sasle (radians )

By oip tvo-davensitonal slepe of the 1ift
coeflicrant, 1ncidence curve of tre
verticesl Aand acrizontal tall surfaces

P air deasity

y,&,ai 3 e gl ;b"] 202 500 — ,
SimzEnsLons wadicatea 1a Fig, 15,

g yr

T posztive ssnce of a1l guantitiss zs indicatzd 1a
Puvs. 4L and 4 ,.

[

W Of the aoriccntal ol

I ol tae vurticat tzal

¥ ab point o ansieabew A Fig. 15

2 et pornt A andicabed 1 Vire 14

I8, frae slrean

T dus to a vorto. ol 1he noroaontol
RS

i o o vartax of tre vertica
{;aj.l .

41}

Aeled  Ascumplaone
Tne {eolloweing asswmantldas nave beed wrulo .-

(1, Tne quarter
ta1l surtac

D

=]
28 are sirarsat and coinciaeal,

-

(1) The conuitions aifeccling tae horizcasal terl, whon toe
vertical {ail 1s rewoveld, are tne froz gtrean conditioas.

(111 H¥o part of the tazl surfaces 1s sbsllod.

{zv) Tne effect of a constant racitence on tune horizostsl
ta1l a8 lo prodguce a Tlow fatiera woron 1o symwistrecal
about the vertiesl plane taroush tac centre line of
lnce aircraft and whica Jdoes not, therelore, produce a
load o1 the vertical tail.

(v) MTne trailine sections of the horsesace vorilces are
peralliel to the ceatre line cof bhwe acxcraft, {(Thac
assumption implics thatl tac losxin: ol tue norizonisl

ta2al indncea by tlhw verticol todl 15 aatisyrmatric, )

LN,



A.1.6 Derivation of Fouations (Fies. 14 zod 15

In
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VI"
Mulfiply by %pvg <—-— ), put -;-pvg = (5 and rearrange
Yo
L, Vo o\ 7 — 1 1 -
TG Y T e e —
L (Ve/VoJcsay Vo /- ' 22 ¢+ ai % + az -

3 u 1 T~ — Ly - 1 1 -
L SR T . S 1
C.—Yah LA bl. by __J - ( Jn/va) N yﬂ 4 Ci yz + c?

The number of equations for the horizontal tail may be halved
by using the fact that the loadiag 18 antisymrmeirical.

A7 The Effective Chord and Laft Slope of the Fuselage

There are two indeterminste guantitiss iavolved in the
above analysis; the effective chord and lift slope of the fuselage,
which appear in the equations as a product. The value of the chord
was taken arbitrarily as the root chord of the vertical taal.

S1de loads act on a yawed fuselage when the vertical tazl
13 removed and tne corresponding induced flow affects the measurasd
value of the sidewash on the quarter chord line. When the fin s
replaced 1ts induced effects cause an increase in the fuselage losd.
It is thas increase in fuselage load which must vpe aincorporated in the
equations, because only this part of the fuselage load produces further
snduced flow oo the vertical tail. A valus of 1.5 was arbitrarily
chosen as being a reasnnable value for the effsctive laft slope of the
fuselage, in conjunction with the chosen wvalue of the effective chord.
Yhig value was justified only by comparison of the form of the predicted
fin load dastribution with the actual distributicon. Further work,
determining this valus for various forms of rear fuseloge would be
useful, tut 1% should be noted that errora sn this valus only produce
small errors in the fin loadiang.

A8 Application to the Wind Tunncl odel

The fuselage and vertical tairl were represented by eleven
equi-span horseshoe vortices, numbers one to faive representing the
fuselage and numbers six to eleven representing the vertical tail.
Thig number was chosen because the centre lines of the lov and hagh
norizontal tail positioans aad the bese of the {in fitted almost exactly
between the vortices. The horazontal taill was represented by six
equi-span horseshoe vortices. Since the loading of the horizontal
ta1l 1s antisymmetrical (see Appendix I, Sectron b (v)) there are only
three unknowns and hoace only three equations for the horizoantal taxl
which are nushered twelve, thrrteen asd fourteen. The number of sach
horseshoe voriex may comveniently Le used as a suffaix for the
quantities at the centre of its span. The values incorporated in
the equations are prosented in Tables 1 and 2.

Two,/
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\ Two typical exsmples of the fourteen simultaneous equations
for the low horizontal tail case are shown below.

8x 125 Ly
-- [: ------------------ - 16403 x 0,275 x 0.85:] + 8 =

12 L0.85 » 3,58 x 5.97 0.85
| Le Ls
= {)1051—-11 + O.OBLQ + 0013]:5 + 002_5114 + 0153:[-'5 + 2.6? m——— 2-6? -~
0484 0.93

+ 0.53Lg + 0.23Lyo + 0.43Lgs + 0.1€Lng + 04231, + 0ui3Lyy

----------- b 3,560y, = - OJdL, + 0.44L, + OJALy + 0.21L, + 0.A0Lg

Le L, Ly
+ 0,05 w=== ¢+ 0,03 === + 0,02 -~== + 0.01Lg + 0,011y + 0.01L,
0.84 0.85 0.33

+ 00?11!18 + 0.10:[114. -

The equations were solved by an iterative method.  Assumed
values of L were inserted in each equatidn in turn leading to better
approxumate values of L which could then be substituted in the other
equations. ‘ -

It was found that the values could be made to converge within
one half per cent after three or four iterations by making reagonably
accurate initial assumptions.

AFPENDIX 11/
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APPENDIX II

The Effect of a Finite Number of
Horseshoe Vortices on Estimated Load
..By-

A. R. Collar

A.,2.1 Introduction

In A.R.C, 19,7846 the writer has compared the load due to a
finite set of horseshoe vortices of equal span with the load due to the
correct continuous distribution of vorticity. It is assumed that the
downwash at the centre of each bound vortex equals the downwash at that
point due to the continuous distribution, and that the circulation is
determined wholly by the downwash.

For an elliptically loaded wing, it emerges that the ratio of

the total loud due to a set of m equally spaced horseshoe vortices to
the true .cad is in these circumstances

______ oo (A0241)

another example shows that the same result is approximately true when
tha loading is not elliptic.

A.2.2 Application to the Present Paper

Certain other factors are involved in the application of the
above result to the investigations of the present paper. Here the
circulation is determined partly by geometric incidence and partly by
downwash., Consider an untwisted elliptic wing of aspect ratio A. As
is well-known, the slope of the lift curve of such a wing bears a ratio
to the two-diuwensional slope of

— -

This result derives from the fact that, if the geometric incidence is @,
it is the sum of two terms:

2
induced incidence = =—==-- )
A+ 2
A
effective incidence = =—=we o.
A+ 2

Now from equation (A.2.1) we have that the excess load due to the use
of m vortices is

expressed as a fraction of the true load, In the present instance,
however, only the fraction 2/A+2 of the total incidence is due to
dovnwash; we may therefore expect the error to be reduced in this ratio

Hence/
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Hence Rm -~ 1 = ""'-"'-':'- 0-.(Au2.2>

A.,2.3 Check Calculations

To check the validity of equation (A.2.2), calculations have
been made by methods identical to those of Appendix I for an untwisted
elliptic wing, using six horseshoe vortices. The algebraic equations
for the components of lcad were obtained with A general, and then
solved for A = 0, 1, 6, 0. The results agreed closely with
equation (A.2.2) for m = 6. Indeed, exact agreement would presumably
have resulted had it not been that it is necessary to assign arbitrerily,
in some measure, the mean chords of the sections of the wing of finite
span s/3, where 2s is the total span.

A.2.lL Application to the Results of Appendix I

In the calculations of Chard and Deakin for the tail unit
of the present paper, the distribution of load is roughly elliptic
(see Figs. 11, 12) and m = 6 over the tailplane span. Moreover,

the aspect ratio A is unity. Accordingly, (A.2.2) gives

2
Rp = 1+ -—— = 1.11
6.3

and the estimated load may be expected to be 11 higher than the true
load. In fact, the discrepancy is about twice this amount; presumably
the remainder of the discrepancy must be due to curvilinearity of flow
or other factors.

Tables/
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Vortex No.

Tables 1 and 2:

-5

Yz
v,/
¢, inches

&

© Vortex No,

Yz
Vé/vo
¢y inches

a

1.0

L0

1.5

1-5

0.1l

1.0

1.5

0.14

© 5.97
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Vortex Calculations

Table 1

Tailplane in Low Position

Table 2

Tailplane in High Position

A e

6 7 .8 9 10

-0.04 0.21 0,26 0.23 0.195

0.89 0.82 0.82 1.0 1.0
3082 3.58 3-54— 3.1110 2.86
5.97  5.97 5497  5.97

5.97

12 13 14,

Values Incorporated in Horseshoe

12 13 14

3,09 2.87 2.2

[

5.97 597 5.97

- - -

3,09 2,87 2.12

5.97 5.97 5.97
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