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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO, 807

SFIN TaSTS OF TWO MODELS OF A LOW-WING MONOPLANE
T0 IUVESTIGATE SCALE EYFECT 1N YHE MODEL TEST RANGE

By Charlee J, Donlan.
SUUMARY

Corourrent teets were performed on & 1/16~ and a
1/20-s0ale model (wing spane of 2.64 and 2,11 ft, respeo~
tively) of a modern low-wing monoplane in the NACA 15-
foot free-spinning wind tunnel., RKReeulte are presented in
the form of oharts that afford a direot comparison be-
twveen the spins of the two models for a number of differ-
ent conditione.

wualitatively, the same charaoteristio effeots of
control disposition, mese distridbution, and dimensional
. modifiocations wers indioated by bdoth modele. Quantita-
tively, the number of turns for recover and the steady-
spin parameters, with the exoeption of the inclination of

.y the wing to the horizontal, were usually in good agree-
L ment.

The resulte presented indicate that, within the
range of Reynolds numbere used in ths present investiga-
tion, such faotors as difficulty of ballasting and test-
ing are more important in determining proper model eise
than the changoe in soale effect likely to result from
the use of different sizes of modele.

INTRODUCTION

The size of modele ueed for testing in the NACA free-
spinning wind tunnel is usually diotated by coneidera-
tione of tunnel operating technique and ease of ballast-
lug. With large models the actual testing is often dif-
flcult; with szall models the proper mases or inertial
balance ie difficult to odtain., In general, the partic-
ular choice of model size is somewhat arbitrary becauee
usuelly more than one size can be tested. It was thsre=
fore concidered expedient to detsrmine to what extent ths

experizental results vary with the actunl size of the mod-
F el tested.
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at the present time, little information 1s available
concerning the effect of size or eoale within the model
test range on the spin characteristios of dyramio scale
models, With the .exoeption of a British report (reference
1), whkich contains some rolling-belance results for two
similar models, and of reference 2, which -mentions the
effeot of scala on the data obtalned from the spinning bdal-
ance, previous scele-effsot investigations have been oon-
cerned wvith the comparison of model results and full-scale
results.

This paper presents the results of an investigation
nade in tine NACA free-epinning wind tunnel to compare the
spin cheracteristics of a 1/16~ and a 1/20-scale model of
a modern low-wing monoplane. Ths investigation included
a comparison of results for the steady-spln and the recov-
ery characteristics of the two modele as regarde the ef-
fects of control disposition, masd distridbution, and dimen-~
sional modificaticns, ] .

SYNBOLS
Igs Iy, Iz moments of inertia adbout model body axes, X,
Y, and Z, respectively
b span
-] mean aerodynamic chord of wing
x/e ratio of distance of center of gravity back
of leading edge of mean aerodyremio chord
to mean aerodynamie chord

z/e ratio of distance of centar of gravity below
thrust line to mean aerodynamic chord

a angle of attack
alr speed

$ angle of span (Y) axis to horlzontal (poeitive
when right wing 1s below tae horizontal)

n‘ Reynolds number of full-soale airplane

Ry Reynolds number of model
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¥  scale or model (1/1¢, 1/20, ete.)
8e elevatop deflectio, (Positive up)

I Tesultant anzulap Yelocity

AFPARATUS ayp MODELS

The tests wore Performeq ip the ¥ACA 15-fcoet free-
8pianing wina tunnel, an descripeg in reference 3,

to withip 20,05 inch; &nd angulgy rclatianlhipl.

Such gag

wing setting, lwcopbaek. and contpg) lo&t!nga. vere hela

to withip +0, 50

" Lead ballast aggeq At suitable ioent!nni served to
bring tae welght the Woments of ln.rtia. and the center-
B,

or-gravity lnqntiona to their appropriate value

A

ualhhts. the Boments of lnnrtia. and the ecntor—of—srlrity
Positiong of the two_nodol; were halg to theip true fcaled-

down full-lealc Values Within th, rollowlng limig
Weight, percent . , , _ BEE G T . .
Center-of—gravity polltion. perc;nt M.A.C. G
Momentgy of lngrtlu. Perceat:

1/20-|cale model

8l

L )

+ =1 to 5
+ =1 to §

¢+ =6 te 0
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1/16-scale moldel
Ix.................-:!tos
Iy « v e o e v v v s s v a0 s Ot08
I;.................lto?

The maximum control displacements used during the
tests were +30° for the rudder, 30° up and 20° down for
the elevator, and 300 up and 17° down ‘for the allerons.

TEST COWDITIONS AND METHODS

Teats were performed with the two models represent-
ing the same equivalent full-soale conditions. Tha normal
model loading oonditions corresponded, within the limits
of accuracy prsviously indicated, to the following full-
scale mass distribution. This mass adistridution 1is oon-
sidered to be typical of a modern low-wing monoplane.

Welght, 1b . & & & « « & &« & &4 « o s s a s s s s « 4340

Z[6 0 o 4 o 4 6 s " s s s e 8 s w e s 0 s e s o e 0,248
B0 «  h e e e e e e e e e e e e e e aee e .. 0,126

Iye BlUg=f83 . . v s 4 4 4 . s e e s s e s e e . 2479

Iy, slug-ftd % e il & @ e @ e ke s e e e 386

Iz, elug-ft8d t e s s s s s s s s s s s » s s s« 5776
The nodel tests were performed under conditions that

were equivalent to spinning the full-scale airplane at an
altitude of 7000 foet.

Tests were performed on the two models to compare the
effect of changing the mass distribution. The partioular
mass variation investigated consisted in increasing the
moments of inertia Iy and Iz By 30 percent of Iy.
This loading was obtained on the models by extending
welghts along the fuselage: 1t is hereinefter rsfsrred to
as the "modifiled" loading condition.

Tests were conducted to determine the effect of di-
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nensionel modifications on both the normal and the modi-
fied loading coniitions. Two auxiliary fine of the elze
and location shown in figure 2 were tested independently
on the two models,

Concurrent tests were run on the two models in each
test condition for various control dispositions. The re-
sults of the investigation are presented in figures 3 to
8, In order to permit a direct comparison of effects due
to differences in sise, the steady-spin parameters pre-
sented in the figures (determined by methods desorided in
reference 3) have been converted to the oorreeponding
full-scale values. If eaoh model gave a similar repre-
sentation of the motion of the alrplane, the results for
the tvo models as plotted on the figures would be identi-
cal. The angle of sideslip is approximately equal to §
minus the helix angle (angle between flight path and ver-
tical). For the recorded spins, the helix angle averaged
about 5.5° for both models.

Recoveries were measured by the number of turns the
epinning model made from the instant the controls were
observed to move until the spinning rotation ceased.

For convenience, the results are presented in two
sections. The first section contains a oomparison of the
model results for the normal loading condition, inoluding
dimensional modification on the models; the seoond section
presents a similar comparison of ths models in the modified
loading condition (Iy and Iz dincreased by 30 percent

of Iy). All ths results are for right spins.

In eeveral instances compareble data on the two mod-
els nre lacking, particularly for spins involving upward
settings of the elevators, beonuse these spins were too
difficult to hold in the turnel.

In a comparison of the number of turas required for
recovery, it should be remembered that, for an oscillatory
spin, recoveries depend somewhat on -the phase of the oscil-
lation at which the coantrols are manipulated and taat, for
such spins, 1% 1s difficult to obtain consistent results.
This effect may account for a difference of one~half turn
or more in rscovery results for oscillatory spins.

M B
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PRECISION 0
The precision of the mersurcment made in the epin
tunnel is believed to be within the following limite:
Velocity V, percent . . o« s o o « o« o« o o o o s o *2
Aigular velocity i, percent . . . . « ¢ o « o s o #1
ingle of attack a, d6g « o+ s s+ s « ¢ o » « o o o o 3
angle of wing to horizontal @, deg .« . . . . . « &2
Turns fOT TEOOVOTY. . o « + ¢ o s o « o & ; .« . . Elf4
The preoceding limits may be exceeded in instanoces
where 1t is difficult to handle the spin in the tunnel :

owing to a high rate of descent or to the wandering or
osclllatory nature of the spin.

RESULTS FOR NORMAL LOADING CONDITIONS

¥ormel Flying Condition (Fig. 3)

Sunlitative comparison of trends indicated Dy sach

+«= in the normal loading and the normal flying oondi-
tions, both models exhibited similar charaoteristics.
With the ailerons neutral, raising the elevator from neu-
tral generally eteepened the spins, inoreased the vertical
velocity, slightly decreased the angular velooity, tended
to lower the right (inboard) wing, and tended to improve
recovery. 4ailerons with the spin effected similar ohanges
in the steady spins except that .the angular velocity in-
creased instead of decreasing. Allerons against the spin
tended to flatten the spin slightly and to produce more
criticnl oscillatory spins. Nelither model would spin
eteadily with the rudder neutral and no results are pre-
sented for this control setting.

I I o

A study of figure 3 reveals that the results for the two .
models are in general quantitative agreement in regard both
to sterdy-spin parazeters and to turns for recovery except
for spins with the allerons set full with the spin. With
this sileron disposition, the 1/20-scale model spun steeper,
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comparison of the results for the two models difficult,
particularly as regards the velocity and the inclination
of the wings to .the horisontal, With the ailerons neu-
tral, however, the othsr parameters are in good agreement,
Por the ailerons with tke epin, the 1/20-scale model def-
initely spun cteeper, faster, and with its right wing

considsrably higher (10° to 14°) than that of the 1/16-
soale model,

RESULTS FOR MODIFIZD LOADING CONDITIONS
(I! AND Iz TI4CREASED BY 30 PZLKCERT I!)
N¥ormal Plying Condition (Fig. 6)

Sualitative effect of the change in loading.= Both
modsle were similarly affeoted by the change in loading.
The effect of the modified load on both mvdels was to
flatten the apin, decrsase the rante of descent, and de~-
crease the rate of rotation, for all control dispositions
except those involving the eilerons set with the apin.
With this control disposition, the reverse effect on the
angle of attack and the velocity was obtained, but doth
models were prone to spin with this aileron disposition
vhen the elevators were dovn, even when ths rudder was
neutral (fig. 6(c)). Recoveries were not greatly differ-
ent from thoss obtained in normal loading, dut doth mod-

els indicated a slight adverse effect of ths modified
loading.

Suagtitative comparison of results for the two mod-
8ls.~ Quantitatively, the rssults for the two models in
the normal flying condition check well; thas greatest dis-
crepancies occur for the ailerons with the spin and the
elevator neutral. An sxamination of figure 6(i) indicates

that, for the ailerons with ths spin, the 1/20-scale model

tended to spin with its right wing higher than that of the
1/16=scale model.

Pin 1 in Place (rig. 7)

sualitative effect of the fin ms shown by each model.~
A comparison of figures 6 and 7 indicates that the detri-
mental sffect of the added fin area vas quite pronounced
when ths models were in the modified loading condition.

J——— B
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The presence of the fin caused both models to spin flat-
ter and at a lower velocity and increased the number of
turne for recovery. For the ailerons with the epin, how~
ever, the effects were not very definite.

Suantit
BodelE.- ¥ith the exception of the spines in whica the
ailercne were with the epin, the steasdy~spin parameters
and recoveries for the models with fin 1 are in good
agreement; the largest discrepanoy appears in figure 7(o).

For the ailerons with the spin, elevators down, the
1/20=~scale model spun flatter, at a lower air speed, and
with 1te right wing 5° higher, than the 1/16=soale model.
It should bde observed, however, that ocoasionally a
steeper spin was obtained with the 1/20~soale aodel, but
no quantitative data could be secured (fig. 7(o)).

¥in 2 in Place (Fig. 8)

A oomparison of figure § Enornll lond; and figure 8 znodi-

fied load) reveals that, with the additional fin in place,
the effect of the modified lcading on both models was, in
general, an increase in angle of attack, a deorease in
vertioal velocity, a decrease in angular velocity, and an
increase in turne for recovery, for all oontrol disposi-
tions not involving allerons with the spirn. Tor the
ailerons with the spin, the modified loading appeared fa-
vorable,

. 4 comparison of figures 6 and 8 indioates that, for
the models with the aodified loading, the addition of the
auxiliery fin below the fuselage tended to increase the
rate of descent but had little other effect.

Svantitative copparisop of the results of the tyo
Bodels.- ith the ailerons either neutral or against the
spin, the 1/20~scale model spun slightly flatter than the
1/16~scale model for all elevator settings, dut the dif-
ferences in the other parameters were small, For the ai-
lerons with the epin, a comparison can be made only for
the elevator-down spins. With thie control disposition,
the velocity of the 1/20~scale model was greater and ite
right wing was a few degrees higher than that of the 1/16~
scale model,
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DISCUSSION

Reynolds Number Range Covered by Involtlcatlop

The relationship between the test Reynolds number of
a dynamically similar soale model tested in air of normal
density and the Reynolds number of the full-scale airplane
can be expreseed as follows:

Ry = 2_5!3/3

For the 1/20- and the 1/16-3cale models used in these
experiments, the foregoing relationship bdecomee

R for 1/20-ecale model = RA(I,IZO)’/= = 0.011R,

R for 1/16-scale model = R‘(l/ls)’/a = 0,.0156R,

"he range of Reynolds nu-beia investigated ~ based
on the mean wing chord, a mean value of the kinematic

viscoeity of 0,000165 foot2 per second, and the measured
rates of desgent - is tabulated below:

Test Model R Corresponding full-scale R
1/20 model 62,500 5,680,000
Minimum '
1/16 model 91,400 6,860,000
I1/ao model 113,500 10,280,000
Haximum
l1/1s model 148,000 2,480,000

Because of the turbulence in the tunnel, the effeo-
tive Reynolde number is greater than the Reynolds number
of the test model by a faotor 1.8 (reference 4). The ef-
fective test Reynolde nunber thus ranged from 112,500
(rorI;ho 1/20-scale model) to- 266,400 (for the 1/16~scale
model). ;

Corrolation between Results for the Two Modele

Oz the basis of the information contained in figures
3 to 8, the following conclusions have been reached:

1, The same gqualitative effects of control disposi-
tion, mass dlstridbution, and dimensional modifications
were indicated for the two models.

o o ——— .
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2. Tho most diffioult spins to corrolate were thoeo
involving alloron defloctions. When the allerons were
with the spin, the 1/20-eocalo model genorally epun steeper
in tho normal loading oondition than the 1/16=scale model.
In the modifiod loading condition, although there wae
gonorally littlo difference in results for tho two modols,
spins wore obtainod for which the reverso was true. For
tho allorons against the spin, thore oxieted a tendenoy
for tho 1/l6-scalo model:to spin eteeper than the 1/20~-
scalo model,rogerdloss of the maes distridbution,

3. All of the steady-spin parameters were in failr
agrooment with tho excoption of the angle of the wing to
the horisontal, which varied considerably for the two
models, particularly when tho allerone were used. In
general, wvhen tho ailerons were with the epin, the 1/20=-
scalo modol tended to spin with the right wing higher then
that of the 1/16=scalo mode), that le, with more outward
sideslip. (It will bo observod in going from the larger
model to the smaller model that tho ohango in angle of
sideslip was in the eamo direotion ae that found in going
from full-scale data to model data in referonoco 2.)

4, The sise of the model had little influence on the
number of turns for recovery, evon for spins in which the
angle of tho wing to the horisontal was notioeadbly dif-
ferent for the two models. The relationship oxieting be-
tween tho angle § and the numbor of turas for recovery
is exoeodingly complex and, consoguently, the signifioance
of the aforementionod result is not comrletely understood.
From a practical point of view, the number of turne for
recovery 1s usually oonsiderod to be the most important
paraneter of the motion insofar ae the correlation of
model rosults and full-scale results 1s concerned.

Comparieon with Flight Results

Spin-test results of the full=scale airplane repre-
sontod by tho two models are presented in referonce 5.
Unfortunately, the oontrol settings usod in these full=-
scale tests are not the same as thoso used on the modele
in this investigation, and therefore a rigorous compari-
Son cannot be made. A qualitative comparison, howevor,
Seens to indioate that the effect of scale 1s of much
Ereater eignificance when the resulte for oithor model
&re compared with the full-scale rosults than when the
Fesults for either modol are comparod with the results

00 s D MO o s
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for the other. It would therefors appear that, within
the range of the model sises investigated, such faotors

as 4iffioulty of oconstruction and testing are more impor-
tant in determining proper model siee than are the ohanges
in scale effect likely to exist bdetween extreme sises
feaeible for test in the 15-foot tunnel,

Comparieon with Other Results

The inveetigation reported in reference 1l included
a oomparison of rolling-balance measurements made in a
7-foot vertioal tunnel on a 1/10~ and on a 1/17.5-soale
model of a British fighter airplane., The resultant aero-
dynamic moments about the apinning axis for several rates
of rotation were measured on both models for a eingle
angle of attack (37.9°). The rates of rotation were
measured by the quantity (Ib/2V and the valuee of this
parameter ranged from 0.3 to 0.,6. Similar measurements
were mede on the 1/17.f-scale model in a 4-foot tunnel to
determine the effect of tunnel asise. The tunnel effeot
was found to be small. The sets of measurements made in
the 7-foot tunnel agreed olosely with each other, but the
results for either model disagreed consideradly with the
oorresponding results for the full-soale airplane. It
will be.obaerved that this effeot of scale is oonsistent
with the comparison of the results of the present investi-
gation with the full-soale results of reference 5,

The resulte in referenoce 2 indioate that, within the
range of Reynolds numbers tested (of the ‘same order of
magnitude ae the tests of the present investigation), the
scale effeot was negligidvle.

Suggestiona for Future Research

In this investigation the actual difference in the
sise of the models used did not completely cover the
greatest range of sises likely to be encountered in spin-
tunnel test work. It would therefore appear advisable to
supplement the present investigation with data representa-
tive of a much greater variation in model sise.

The model-recovery resulte in this investigation wvere
not particularly sensitive to the modifioations tried. It
i1s suggested that, in future investigations, modifications
be tested that markedly affect the recovery cheraoteristios
of the models,
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CQHCLUSIOIS

.On qho,bplip.pr,thq.roqulq-”obtninen in the tnvoqtl-
gation, ¢y, tollow!ng eonclnlionl.cln bs. drawn:

e nglit;tivdly. the ¢anmg oiiithir!tz!o offeot or
control dispoe!tion. mass d!gtr!button. And'dincnolonal
modit!cationn were 1nd1c-ted for boty nodels,

foot Bpin tunnel, Thie conclul!on.il.bascd entirely on

inveltig-tlon
reater‘r-nge of model
ons,

Lnngloy Hanor!al Aeronauticnl Luborntory.

ationa] Adviuory COnnlttae for Aeronautic-.
Langley Tielq, Va., Apriy 16, 1943,
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{a) ™e 1/30 scale model,

{b) the 1/16 scale model.

Figure 1,« Photographs of the two models used in the

investigaticn,
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Figure 2, - Auxiliary fing,
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O {0 'ca/e modcl
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