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Sf iir TiSis or rvo NODUS or A LOV-VIHO MOMOFIAHE 

ro larEsiiCAM SCAIS irncr is I'HE MOMI TSST BAJTGE 

By Charles J. Eonlan . 
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•- *, 

Concurrent testa were performed on A 1/16- «ad a 
1/20-scale nodal (wing spans of £.64 and 8.11 ft, respec- 
tively) of a modern low-vlag monoplane la the »ACA 16- 
foot free-spinning wind tunnel.  Kesults are presented In 
the form of obarts that afford a direct comparison be- 
tween the spins of the two models for a number of differ- 
ent conditions. 

lUalltatlvely, the sane characteristic effects of 
control disposition, mass distribution, and dimensional 
• odlflcatlons were Indicated by both models. Quantita- 
tively, the number of turns for recover and the steady- 
spin parameters, with the exception of the Inclination of 
the win« to the horizontal, were usually In good agree- 
ment. 

-he results presented Indicate that, within the 
range of Beynolde numbers used In the present Investiga- 
tion, sue* factors as difficulty of ballasting and tast- 
ing are more Important In determining proper mor'el else 
than the changes In scale effect likely to result from 
the use of different sizes of models. 

isrHODUCrio» 

The else of models used for tasting In the SACA free- 
spinning wind tunnel Is usually dictated by considera- 
tions of tunnel operating technique and ease of ballast- 
ing.  ..'itfc large modal» the actual testing Is often dif- 
ficult; with small models the proper mass or lnsrtlal 
balance Is difficult to obtain.  In general, the partic- 
ular choice of model else Is somewhat arbitrary because 
usually more than one alia can ba tested.  It was there- 
fore concidered expedient to determine to what extent the 
experimental results vary with the actual size of the mod- 
al tested. 
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At the present time, little informttlon le available 
concerning the effect of «lie or scale within the model 
test range on the spin characteristics of dynamic scale 
oodels.  i/lth the exception of a British report (reference 
l), which contains some rolling-balance results for two 
similar models, and of reference 2, which mentions the 
effect of scale on the data obtained from the spinning bal- 
ance, previous scele-effoot Investigations have been con- 
cerned with the comparison of model results and full-scale 
results. 

This papsr presents the results of an Investigation 
made in the VACA free-spinning wind tunnel to compare the 
spin characteristics of a 1/16- and a 1/20-scala model of 
a modern low-wing monoplane.  The Investigation Included 
a comparison of results for the steady-spin and the recov- 
ery characteristics of the two modele as regards the ef- 
fects of control disposition, mass distribution, and dimen- 
sional modifications. 

5VKB0LS 

, Iz  moments of Inertia about model body axes, X, 
7, and 2, respectively 

b  span 

c  mean aerodynamic chord of wing 

x/c  ratio of distance of center of gravity back 
of leading edge of mean aerodynamic chord 
to mean aerodynamic chord 

s/e   ratio of distance of center of gravity below 
thrust line to mean aerodynamic chord 

a  angle of attack 

"'  air speed 

0  angle of span (t)  axis to horltontal (positive 
when ri,,ht wing is below the horizontal) 

RA  Heynolds number of full-scale airplane 

?.,  Reynolds number of model 
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1/lS-ecale nodal 

I- -3 to 3 

Iy 0  tO  6 

Iz 1 to 7 

Phe maximum control displacements uaad during tha 
tests were J30° for the rudder, 30° up and 80° down for 
the elevator, and 30« up and 17° down for the ailerons. 

T3S7 C0J3ITICi:rS ABO MEMOES 

Tests were performed with the two models represent- 
ing the same equivalent full-scale conditions. She normal 
model loading conditions corresponded, within the limits 
of accuracy previously indicated, to the following full- 
seals mess distribution. This mass distribution Is con- 
sidered to be typical of a modern low-wing monoplane. 

Weight, lb  4340 

x/c  0.248 

s/e  0.126 

Ix. slug-ft»     3479 

Iy.   elug-fta          3876 

Iz.   slug-ft»          5776 

'-.'.-• nodel tests were performed under conditions that 
were equivalent to spinning the full-scale airplane at an 
altitude of 7000 feet. 

Tests were performed on the two models to compare the 
effect of changing the mass distribution.  The particular 
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 
weights along the fuselage; it is hereinafter referred to 
as the "modified" loading condition. 

Tests were conducted to determine the effect of dl- 

- 
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menslonal modlflcations on both the normal and the modi- 
fied loading coalitions. Two auxiliary fiaa of the size 
and location shown In figure 8 were tested Independently 
on the two models. 

Concurrent tests were run on the two models in each 
test condition for various control dispositions.  She 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 size, the steady-spin parameters pre- 
sented in the figures (.determined by methods described la 
reference 3) have been converted to the corresponding 
full-seals valu.es.  If each model gave a similar repre- 
sentation of the motion of the airplane, the results for 
the tfo models as plottsd on the figures would be Identi- 
cal,  fhe angle of sideslip Is approximately equal to p 
minus the hells angle (angle between flight path and ver- 
tical).  For the recorded spins, the helix angle averaged 
about 6.5° for both models. 

Recoveries were measured by the number of turne the 
spinning 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.  She first section contains a comparison of the 
model results for the normal loading condition, including 
dimensional modification on the models; the seeond section 
presents n similar comparison of the models in the modified 
loading condition  (Iy and  Ij Increased by 30 percent 
of Iy). «11 the results are for right spins. 

In several instances comparable data on th« two mod- 
els are lacking, particularly for spins involving upward 
settings of the elevators, because these spins were too 
difficult to hold In the tunnel. 

In a comparison of the number of turns 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 controls are manipulated and that, for 
such spins, it is difficult to obtain consistent results. 
This effect may account for a difference of one-half turn 
or more In recovery results for oscillatory spins. 

' 

. 

I 
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PHECISIOff 

The precision of the ner.sureneat made la the spin 
tunnel Is believed to be within the following Unite: 

Velocity V,  percent ±2 

Angular velocity 0, percent    ±1 

Angle of attack a, deg ±3 

Angle of wing to horizontal 0, deg . ±2 

Turns for recovery 11/4 

Tie preceding Unite nay be exceeded In lnetancea 
where it le difficult to handle the spin la the tunnel 
owin to .'. high rate of descent or to the wandering or 
oscillatory nature of the spin. 

S2»UITS »OR aoaiui LOAOIVS CONDITIOJTS 

Korael flying Condition (Tig. 3) 

i&clil&lly.e_cq»iparl8on of trtM» tl 
no-lel.- In the aoraal loading and the nornal flying ooadl- 
tlons, both Bodele exhibited elnllar characteristics, 
tfith the ailerons neutral, raising the elevator fron neu- 
tral generally steepened the spine, increased the vertical 
velocity, slightly decreased the angular velocity, tended 
to lower the right (Inboard) wing, and teaded to improve 
recovery.  «Herons with the spin effected similar ehaages 
In the steady spins except that the angular velocity In- 
creased Instead of decreasing. Ailerons against the epla 
tended to flatten the spin slightly and to produce »ore 
critical oscillatory spine.  Neither nodel would spin 
steadily with the rudder aeutral and no results are pre- 
sented for this control setting. 

Quantitative connarlson of results for the two nod.1,1.. 
A study of figure 3 reveale that the reeults for the two 
nodels are in general quantitative agreement in regard both 
to steady-spin paraaetere and to turn« for recovery except 
for spins with the ailerons set full with the spin.  With 
this elleroa disposition, the 1/20-eeala aodel spun steeper, 

- 
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comparison of the remit* for toe two models difficult, 
particularly a* regards the velocity and the Inclination 
of the wing* to the horizontal.  Vlth the ailerons neu- 
tral, however, the other parameters are in good agreement. 
Tor  the ailerons with the spin, the 1/SO-seale aodel def- 
initely spun steeper, faster, and with Its right wing 
considerably higher (10° to 14°) than that of the 1/16- 
scale aodel. 

MS ULM TOB  MODIJISD IOA0IKG COHDITIOM 

(ly  il'P Iz     INCREASED ST 30 P3I CE./T  I;) 

Normal flying Condition (Tig. 6) 

ftualltatlve effect of the change In loading.- Both 
nodels were alallarly affected by the change In loading. 
The effect of the modified load on both models was to 
flatten the spin, decrease the rate of descent, and de- 
crease the rate of rotation, for all control disposition* 
except thos* Involving the ailerons set with the spin. 
With this control disposition, the reverse effect oa the 
angle of attack and the velocity was obtained, but both 
nodels were prone to spin with this aileron disposition 
when the elevators were down, even when the rudder wa* 
neutral (fig. 6(c)).  Recoveries were not greatly differ- 
ent from those obtained In normal loading, but both mod- 
el* Indicated a slight adverse effect of the modified 
loading. 

«uaatltatlve eonnarigon of result» for ths two mod- 
Aii.- Quantitatively, ths results for the two models la 
thi normal flying condition check well; the greatest dis- 
crepancies occur for the aileron* with the spin and the 
elevator neutral.  An examination of figure 6(1) Indicate* 
that, for the ailerons with the spin, the 1/20-scale model 
tended to spin with its right wing higher than that of the 
1/16-scale aodel. 

__ 

Tin  1 In Place (fig. 7) 

«uaUtatly« effect of the fin a» shown by each model.- 
a comparison of figure* 6 and 7 Indicate* that the detri- 
mental effect of the added fin area wa* quite pronounced 
whan the model* were In the modified loading condition. 

L 

• 
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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 
turn« for recovery,  for the ailerons with the spin, how- 
ever, the effects were not very definite. 

*'Wt*tfltlTa coaoarleoa of thfl fQBHlt» tQT  th« tyfl 
models.- '..'lth the exception of the spine In which the 
ailerons were with the spin, the steady-spin parameters 
and recoveries for the modele with fin 1 are in good 
agreement; the largest discrepancy appears In figure 7(e), 

Tor  the ailerons with the spin, elevators down, the 
l/20-scale modal spun flatter, at a lower air speed, and 
with Its rl„ht wing 5° higher, than the 1/16-ecale model. 
It should be observed, however, that occasionally a 
eteeper spin was obtained with the 1/20-scale model, but 
no quantitative data could be secured (fig. 7(e)), 

Fin 2 In Place (Fig. 8) 

qualitative effects 
A comparison 
fled load) re 
the effect of 
general, an 1 
vertical velo 
Increase In t 
tlons not Inv 
ailerons with 
vorable. 

« 
the tin as »hgwn lUC Bflgh.apdcl- 

of figure 5  (normal load) and figure 8 (aodi- 
veals that, with the additional fin Is place, 
the aodifled leading on both models was, la 

ncrease In angle of attack, a decrease In 
city, a decrease In angular velocity, and an 
urns for recovery, for all control dieposi- 
olvlng ailerons with the spin. Tor  the 
the spin, the modified loading appeared fa- 

A comparison of figures 6 and 8 Indicates that, for 
the models with the modified loading, the addition of the 
auxiliary fin below the fuselage tended to increase the 
rate of dase'ent but had little other effect. 

jfflan»t"tlTt goapsrlaofl of the results of the, t¥fl 
models.- i/lth the ailerons either neutral or against the 
spin, the 1/20-scale model spun slightly flatter than the 
1/15-scale model for all elevator settings, but the dif- 
ferences In the other parameters were email. Tor  the ai- 
lerons with the spin, a comparison can be made only for 
the ele7ator-dowa spins.  With this control disposition, 
the velocity of the 1/20-scale model was greater and its 
right wing was a few degrees higher than that of the 1/16- 
seale model. 

' 
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DISCUSSIO» 

Heynolfit Number Bang« Covered by Investigation 

The relationship between the test Reynolds number of 
a dynamically slmller scale model tested In sir of normal 
density and the fieynolds number of the full-scale airplane 
can be expressed as follow«: 

*M - »A»3 
/s 

Tor the 1/80- and the 1/16-scale models used In that* 
experiments, the foregoing relationship becomes 

B for 1/20-scale model « HA(l/20)
3/s « 0.011HA 

R    for    1/16-scale model « fij4(l/16)3/2  - O.OISSH^ 

The range of Beynolds number* Investigated - based 
on the mean wing chord, a mean value of the kinematic 
viscosity of 0.000166 foot- per second, and the measured 
rates of descent - Is tabulated below: 

Test 

Hlnlmum 

Maximum 

Corresponding full-scale fi 

6,680,000 

6,860,000 

10,280,000 

9,480,000 

Because of the turbulence In the tunnel,  the effec- 
tive fieynolds number Is greater than the Beynolds number 
of the  test model by • faetor 1.8  (reference 4).     The ef- 
fective test Beynolds number thus ranged from 112,800 
(for  the 1/20-scale model)  to 266,400 (for  the 1/16-scale 
model). 

Model B 

(1/20 model 62,600 

1/16 model 91,400 

11/20 model 113,500 

(1/15 model 148,000 

Correlation between Besults for the Two Models 

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

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

. 
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2. The most difficult «plat to correlate ware those 
Involving aileron deflection!.  JfHea the ailerons vere 
with the spin, the 1/30-scale model generally spun steeper 
In the normal loading condition than the 1/16-ecale model. 
In the modified loading condition, although there was 
generally little difference la remits for the two models, 
spins were obtained for which the reverse was true. Tor 
the ailerons against the spin, there existed a tendency 
for the 1/16-scale model to spin steeper than the 1/20- 
seale model,regardless of the mass distribution. 

3. All of the steady-spla parameters were la fair 
agreement with the exception of the angle of the wlag to 
the horizontal, which varied considerably for the two 
models, particularly when the alleroas were used.  la 
general, whoa the ailerons were with the spin, the 1/30- 
scale model tended to spla with the right wlag higher than 
that of the 1/16-scale model, that la, with more outward 
sideslip.  (It will be observed la going from the larger 
model to the smaller model that the change la angle of 
sideslip was la the same direction as that found la going 
from full-scale data to model data la referenee Z.) 

4. The else of the model had little Influence on the 
number of turns for recovery, even for spins in which the 
angle of the wing to the horlsontal was noticeably dif- 
ferent for the two models.  The relationship existing be- 
tween the angle p    and the number of turns for recovery 
is exceedingly complex and, consequently, the significance 
of the aforementioned result Is not completely understood, 
from a practical point of view, the number of turns for 
recovery is usually considered to be the most Important 
parameter of the motion Insofar as the correlation of 
model results and full-scale results Is concerned. 

Comparison with flight Beeults 

Spin-test reeults of the full-scale airplane repre- 
sented by the two models are presented In reference 6. 
Unfortunately, the control settings used la these full- 
scale tests are not the same as those used on the models 
in this Investigation, and therefore a rigorous compari- 
son canaot be made.  A qualitative eoaparlsoa, however, 
'«ens to indicate that the effect of scale Is of much 
greater significance when the results for slther model 
•re compared with the full-scale results than when the 
results for either model are compared with the results 
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for the other.  It would therefore appear that, within 
the range of the model sizes investigated, auch factor* 
ae difficulty of construction and testing are aore impor- 
tant la determining proper model else than are the changes 
In scale effeet likely to ezlet between extreme Uses 
feasible for test In the 15-foot tunnel. 

Coaparleon with Other Besults 

The investigation reported in reference 1 included 
a comparison of rolling-balance measurements Bade In a 
7-foot vertical tunnel on a 1/10- and on a 1/17.5-scale 
model of a British fighter airplane.  The reeultant aero- 
dynamic moments about the spinning axis for several ratee 
of rotation were measured on both model* for a single 
angle of attack (37.9°).  The rates of rotation were 
measured by the quantity  >".b/27 and the values of this 
parameter ranged froa 0.3 to 0.S.  Similar measurements 
were made on the l/17.f-scale model in a 4-foot tunnel to 
determine the effect of tunnel else.  The tunnel effeet 
was found to be small.  The sets of measurements made la 
the 7-foot tunnel agreed closely with each other, but the 
result* for either aodel disagreed considerably with the 
corresponding results for the full-scale airplane.  It 
will be observed that this effect of scale Is consistent 
with the coaparleon of the results of the present investi- 
gation with the full-scale results of reference 8. 

The results in reference 2 indicate that« within the 
range of fieynold* numbers tested (of the saae order of 
magnitude a* the teste of the preeent investigation), the 
scale effeet was negligible. 

Suggestions for Future Besearch 

In this Investigation the actual difference la the 
eise of the models used did not completely cover the 
greatest range of elses 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 auch greater variation in aodel slse. 

The model-recovery results la this investigation were 
aot particularly sensitive to the nodlflcatloas tried.  It 
is suggested that. In future Investigations, aodlfleatlons 
be tested that aarkadly affect the recovery characteristics 
of the aodels. 

• 
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On  t.he basis of the results obtained In the investi- 
gation, the following conclusions can be drawn: 

. 1. ttua.lltatlve.ly, .the same character is tic effect of 
control disposition, mass dls.trlbutl.on, «ad: dimensional 
modifications were Indicated for both modele, 

2. She number of turns for recovery, probably the 
• oet laportant parameter of the spin, for practical pur- 
poses, were In good agreement for both models. 

. 3.   It would appear that,- for the. 15-foot tunnel, euch 
factor.« as difficulty of construction and testing are aore 
laportant la determining proper nodel else than are the 
changes in scale effect likely to exist between the dif- 
ferent, slsee. of models that are practicable for the 16- 
foot spin tunnel.  This conclusion, le based entirely on 
the results presented In this report.  The investigation 
should be extended to ir.clude a- greater range of model slses and aore extreae modiflcatlone. 

Laagley Memorial Aeronautical laboratory, 

National Advisory Conalttae for Aeronautics, 
La.-.-ley yield. 7a., April 16, 1941. 
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(a? Tha 1/ao acale nodal« 

(b) th* 1/16 tcale nodal. 

FlCura 1.» Photographs of the two nodal« uaed in tha invei 
tlcaticn. 
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