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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL MEMORANDUM NO., 910

MEASUREMENTS OF A LOW-WING MODEL IN THE ROTATING JET
AND COMPARISON WITH FLIGHT MEASUREMENTS*

By W. Bader
SUMMARY

The present report deals with six-component measure-
ments in the small tunnel of the DVL on a model of the
BFW-M 27b,, which were made to determine the effect of
rolling and yawing on the air forces and momentses The ex~-
periments were carried out in a rotating agir streams The
wind was given a spiral motion by means of a rotating
screen, the model being suspended in the conventional man-
NeTe

From the findings, the following points are of spe-
cial interest:

1) With markedly increasing angles of yaw the maxi-
nun 1ift shifts to higher angles of attack;

3) At lower angles of attack the drag is reduced dur-
Smie s ol 23

3) In the stalling range the drag is increased during
10} LI Sl e

4) At high angles of attack the lateral force shows
a reversal of sign; the effect of rolling on
the lateral force is quite considerable;

5) The pitching moment appears to be relatively in-
dependent of rolling;

6) The yawing-rolling nmonment is very high in the re-
gion well beyond stalling.

*Ullcssungen an einem Tiefdeckermodell in rotierenden Strahl
und ihr Vergleich nit Flugmessungen." Luftfahrtforschung,
Bl MGy Sfez. 2, ppsy 104-111,




2 V.AeCoAs Technical Memorandun No. 910

The lack of accuracy in the neasurement of the roll-
ing-yawing noments was disturbingly noticeable.

For conparison with the model tests, several spin
tests were nade in an airplane; the extrapolations, effect-
cd with certain reservations, indicate that the enployed
test nethod of rotating air stream affords in nany cases
a practical means for the relatively simple prediction of
whe effecet of rolling on the air loads. and moments with a
good degrec of accuracy.

INTRODUCTION

In the last few ycars the air loads and moments at
high angles of attack have rcceived coansiderable attention,
especially in British and U.S. research laboratories,
Since in those problems it concerans first of all the ef-
fect of rotation about the wind axis at different angles
of attack and yaw, thc exccution of the experiments, gen-
erally on the so~celled spinning balance, present in part
congiderable difficulties. The fundancntal advantage of
this type of experiment is this: In free flow the static
pressure is constant and the boundary layer can, if neces-—
sary, follow, in the sane nanner as on the spinning air-

-

plane, the centrifugal force.

Faspritiel o the  sreatianount of deata available i% s
still far from possible to predict, even approxinately ex-
act, the course of thc acrodynanic quantities without
neasurenents in a gilven particular case., Since, at the
tine of the test flights with a low-wing nmonoplane of the
BFW-M 27b, type,the wish for more accurate information
about the aerodynamic bchavior of the airplane had been
voiced, it was deccided to maoke some wind-tunnel tests
with the new spin recording device developed by Kramer
and Xriiger (reference 1). These measurenents arc recount-
egd ' herednalven: Firstyi it was intended to verify to whaw
extent the view, expressed in the literature, of the in-
dependence of the forces from the rotation, important in
the mathenatical treatnent of the spinning problem, holds
true in the present case. in ‘particular, the: course of
the Llaterasl«force in relation to angle of attack, angle
of yaw, and rotation were to be determined with a view to
nore accurate information about the angle of yaw of the
relative winds On account of the known difficulties in
the prediction of the acerodynamic moments, the experiments
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were to explain the question deciding the usefulness of
the nmethod whether or not the effect of the different in-
fluential quantities is correctly reproduced in model
testiinge

In the new spinning balance the model is suspended
from the conventional six-component balance in the tunnel
jet which is given a spirzal motion by a rotating screcen.

This type of oxperlreﬁt hos, from the Becording point of
view, fundancntal advantages over the operation on the
spinning balance; but, as pointed out at the same time by
Kraner and Kriiger, it also has one fundamental defect:
he static pressurc of the free flow is not constant. Asg
a result of the centrifugal force applied at the Jjet the
static pressure decreascs a little according to a parabolic
law from the circumference to the jet center. Measure-
ments disclosed a very close accord between theory and cx-
perimente.

The mnoments induced by the variable static pressure
themselves nay, at higher angles of attack where the tail
is perceptibly away from the jet center, be ignored in the
face of the elsewhere cxisting 1“strumeﬂtal inaccuracies
Another question is whether, as a result of the preusure
gradient, a movement of the boundary layer might oceur
which could effect a substantial change of profile charac-
teristics., This change would be in the opposite sense
firon the Tlight tests Since, on the other hand, the speed
of jet rotation in the tests was fairly low and furthermore
the drop in static pressure at Jjet center remained small,
no appreciable effect on the profile characte rigtiece through
boundary-layer movement was anticipated.

TEST PROCEDURE

In view of the original intention to include measure-
nents with the introduction of a spinning radius, the nodel
was nacde comparatively small., The lessened instrunental
accuracy resulting therefrom was, to a certain degree,
ameliorated throuch the use of sufficiently sensitive meter-
ing diaphragmns. This was most difficult to achieve in ‘the
drag component mcasurements where, because of the smallness
of the righting forces, it was difficult to get an exact
reading of the zero reference values., Another drawback
resulting from the smallness of the model was that the
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value of A= L8 could not increase excessively in the
v

cxperinents, The best way for obtaining high speeds would

have been with high angular velocities at sufficiently -
high tunnel speeds, in order to run the test at the largest
possible Reynolds Numberse.

On accouant of the severe speed dccrease due to the
rotating screen, it was impractical to raise the dynanic
prossure above 30 kg/m?, the naxinun wind-tuancl speeds
uscd in spinning-balance tests, at which the strcongth of
the nodel and incipient oscillations form an upper dynanic
pregssure: Limit.

At this first trial of the new arrangement, the high-
est dynanic pressure could not yet be utilized in spite of
various improvenents, because of difficulties with the ro-
tating screen, which, for lack of time, could not be ren-
edicd. Measurenents nade for maxinun-lift appraisal at
15, 20, and 25 kg/m2® dynanic pressurcs nanifestcd, in agrce-
nent with other investigations, no appreciable influence
of the Reynolds Humber in this ransgse; as a result the tests
were in general run at the low dynanmic pressurc of 15 kg/mz. i
The choice of low tunnel specds nmade it possible to obtain
fairly satisfactory rotation values and hence of the effect
of rotation on the loads and nonents.

Since, in view of the difficulties, readily removed in
subsequent tests with the rotating jet, the Reynolds Nunmber
was disproportionately small, it was attenpted to increasc
the equivalent Reynolds Number by means of a turbulence
grid built up of parallel round bdarse It could not be
nounted downstrecam from the rotating screen, as it would
have destroyed part of the created turbulence. A turbu-
lence grid nmade of radial bars which would have to be sol-
idly nmounted on the rotating screen would obviate this dif-
fileultys

Locking a hot-wire ancnoneter, the turbulcnce neasure-
nents were made with a calibrating sphere (140 mn dianoter).
They gave a, turbulence factor of 2.7 for the non-rotating
jJet and a nuch lower figure for jet rotation (at a jet ro-
tation of =n = 2,5 71, it dropped to around 2). However,
it is wery likely that the still somewhat crude test method i
is unsuitable for the rotating jet. The eoffective Reynolds
Nunber at 15 kg/m® dynanic pressure was 7.3 X 10% (refer-
ence length: nmean wing chord). . |
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The dynanic pressure was explored in the tunnel sec~
tion passing through the axes of lift and lateral forco;
following scveral inprovenmentse it could be kept quite uni-
forne, Although the distance of. the cited tunnel plane
fron the turbulence. grid anmounted to about 70 times the
thickness of onc grid wire, the dynamic pressure still
proved to be greatly affected dy the grid and manifested
a wavelike aspect along one tunnol diameoters This called
for careful mounting of the dynanic pressure recorder,
conprising three parallel Prandtl tubes whose position in
the free strecan had been so determined fronm previous tests
that their recadings gave the nmean dynamic pressure with
suffiecient aceuracy.

On account of the great nass inertia of the rotating
sereen, it was experinentally easier to plot a polar curwve
with fixed screen rotation and fixecd angle of yaw than to
ehange the rate of Jjet rotation at constant angles of flow.
With the choscn test procedure a complete six-component
neasurenent took only about 10 minuvutes. This tine interval
could not be exceeded, without overheating the screen
rollers, causing theilr destruction amid violent vibrations
in the tunnel nozzle.

A certain drawback of this test method 1s that the
relation of the noments to jet rotation is obtained at
first in paraneter prescntation and every section placed
through cxperimentally obtained curves has in itself a cer-
taln uncertainty,

Figure 1 shows the test arrangement with nodel nounted,
the rotating screen, turbulence grid, and anenoneter used
for predicting the speed of rotation of the jet can be seen
in the background.

Most accurate geonetric sinilarity based on conpara-
tive neasurencnts with the experimental airplane was striven
for on the 20:1 scale wooden nodels. It was fitted with
ad justable lateral and horizontal controls, but not with
ailcronse. In agreenent with this, the ailerons din the
flight tests were set at zero. o propeller was fitted,
aspecially since the flight tests werc made at engine
r.p.rie at which the propeller produced neither appreciable
theust nor drags

The highly tapered wing section has a taper ratio of
1013 = 0.33; an aspect ratio of A = 9.5, angle of twist
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of about 4° and a 5° dihcdral.
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Ix the fdmsit thipds of the
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¢ fildegative. . « . » rudder to stdrboard
§ pa@Etives « o « o rudder Do poat

Thus in a right spin: n < 0, { < 0 indicates that ele-
vator and rudder are deflected in a spin-promating sense.

Other synbols are explained in the text.

As regards the aerodynanic noments, the rolling no-

nent Lo = Cf P s q rcfers to the x, axils, which with
e

the tunnel axis forms the angle of yaw Bg (shown nega-
five 8n fig. 3), The xo axis is the track of the plane
of symmetry of the model in the horizontal plane of the
wind tunnel*. The pitching moment M = cy F 1 q is re-
ferrcd to the y transverse axis passing through the cen~
ter of gravity. The conversion is based on a position of
center of gravity 16 pcrcent back from the mcan wing chord -
i.c., at a distance 2b/3m from the plane of symmetry =
the position at which the flight tests were made. The yaw-
ing moment N, = C¥, F g q 1is the acrodynamic moment about
e sy axis (1ift axis)., For purposes of comparison with
the flight-test data, the yawing noment W = cy F s q

about the normal axis was also computcd** (fig. 13).

TEST DATA
a) Air Forces
The hecight of the measurced naximum 1lift in considera~-

tion of the low Reynolds Hunbers was very satisfactory.
This is inmportant for the prescnt mcasurcnents in view of

*In all plots and in the text, the angle of attack is ex-
pressed as a, ond the angle of yaw as B,, the subscript
e indicating "experimental" and also "English." a 1is
identical with o and B,, as scen on conparing figs. 2
and 3. e daiffereat definition = Tesulting fT2er thiel aeror
technical standards - was, however, rctained in order %o
prevent a nix-up at the present stage of transition where
the 0ld systems of axes arc still being enployed.

*% N = N, cos ap + Lg sin ag; note the wrong sign in L.

Hopfits #lerodynamik, " wol. 1, pe 270
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the relation @f pelilang nonents to lifts distributiens

U.Ss, airfoil tests nade in the high-pressure tuanel at
large Reynolds Numbers give l.47 as naxinun 1ift coeffi-
cient Ffoxr airfeil section 4418. Bhig figure 1s congidered
too high because of the strong turbulence for which that
tunnel is known.

} The polar neasurenents (fig. 4) made at increased
} dynamic pregsure wherein the effect of the laterally in-
cident wind was explored over a'large range of angles of
} yaw (to B,= 30°) disglosed the following?
1. 3 S I . . P ‘
o Below maximum 1lift, the gradient ——= decreases
/ dBe
with increasing angle of yaw PBe3 this decrease
: ki : | A deg,
] is correspondingly greater than product 58
| c

Be=0
X cos Bgas

2. As the @ngle of yaw iIncreases the 1ift naximum
shii fs gboshtaher Na,,; ' With 'Bearcelypahyichaise
#ne € gsliopping);
{ j Anax (slipp ’

(=]

| 3., The marked drop in cy: after reaching maxinun,
noderates with increasing angle of yaw.

Tae effeet of rolline on laift and drag is illustrgted
in figure 5 for two different angles of yaw (0 and 5 per-
cent outward slip).

The originally existent left peak flattens out as the

‘ rate, . 0f rolling increasess in the high sballing range, the

' Lift is praetically unaffected by rolling. . .0f interesgt s

| the drop in drag at small angles of attack due to rotation}
this is _ due to the Ffact that the half struck from below
receives a higher 1ift - in relation to the nmomentary local
flow direetion - than the half strueck fromsabove. .pince
the greater 1ift is inclined slightly toward the nose of

’ the ailrfoil, the sunm of the prejections on the mean flow
direcction yields a force directed against the flow and

‘ hence a decrcase in drag. This phenomonon is intensified

| ags soon as the local 1ifting force on the half struck at

] reduced angles of gttaek is dirceted downward; for in this
egse the Lift projectiens acting agalnst the mean. flow

} dircction becone additive in equivalent wing scctions (at

| distance 4y fron the plane of symnetry).
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On the other hand, since the tests in the range far
beyond stalling disclose a distinct increase in drag with
inereasing rate of rolling, the effect of the different
geonetric oricntation of the individual wing sections is
investigated in the following,at least as to the order of
nagunitude.

According to figure 6, a wing strip of width 1 at
diaganece y from the axis of rotatien has a drag*
W(y) =<cylag + ap)cos oy - calag + aw) sin au&-l(y) L i
L
In view of the intcnded comparison with the experi-
mental data,it may be considered as sufficient to neglect

the induced angle of attack and to use for cy: and ¢y
the well-known coefficients cyo and cgo, ascertained

in polar measurcments for the particular wing at A = O.

These omissions give after a few changes the simple
term for ¢, as follows:

+1 R ;

"\ Cwo(a,o + C’UJ)CUS Ou) il c’?’o(cao g Cw)sln C(w 1(;‘[) i

CVI ~ o il d _d._
s
4 cos® ay %

Sl

From this presentation, it is seen that, at small alr-
flow angles and average rotation values, the second sumnand
below the integral produces a considerable decrcase in to-
tal @dragz nercly for kinenatic rcecasons (angle of attack and
dynanic pressure changes); for on the half struck from be-

low, 6. is substantially grcater than cy, hence the tern

with sin a, 1s not negligible in rclation to cos ay term.
On the other half, the lift may of course be smaller than
the drag, but the product ¢, sin ay remains positive be-
cause of the reversal of the 1lift sign. Calculations yield-
ed for oag = ~4° and AN = 0.37, a 66-percent raduction in
drag coefficient; the wind-tunnel tests showcd the same re-
diietion (fiz. 5).

With stalled wing, the drag-decreasing effect of the
gecond term of the sum is lost, as the pertinent 1ift -compo-
nents in equivalent wing strips canccl approxinately; the

*Quantity ag + oy 1s here as elsewhere to be considered as
arguncnte.
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drag-iacrcaging effiect of the first tern of the sun! becone
80 much ' ‘more potients: The conditions are particularlysim-
ple 'when adsuming the @y curve to be a parabola as far ia
Cfdx aad sthen @ stralwut Tine inthenstalliagiran ack In
aconparison of idontieal wing st 1ps at positive rotabion,
a starboard drag increase defines an exactly ideantical port
drag decrecase, to the exteant that bot1 strips are coerdi-
nated to effective angleos of attack belonging to the
straicht brsneh vof the ue egurvicers Bul 3B in th;s exanple,
the port wing strip achieves an angle of attack belonging
fito' the *eurvied part f the'drag curve, the drub die cr cagie fais
lessy o rigse in total drag is associated with it then. =
Ae8¥CUYalén ‘Tor dy =889 ° and N = 0,37  ‘yielded'a 10~
perceat drag increment, which is in good agrececuent with the
experinental results.

S

©
2]

|_x.

Accordingly, these argurients have indicated the fol-
lowing:

e

1. Rolling at low angles of ‘attaelk decreases "the 'dimae;

24 ' Ig the Vsball ng irauge the drag is imnereascd by roll-
Rt s S infe P eage i due Yo ther differenee
Qg = Opaxs bhe nagnitude of rotation and the
forn of the wing (on a rectangular wing the cf-
feet is probably sreabter than on a triangular
wingy because of the lapgew . total drag contmis
bl on of the onter pavbsh

e aabsolute anount, of .the lateral forece remains in
f

most (£light stages small conpared to e Bif tey g Bul 1o g

study of spinning, a nore accurate knowlcdge of the aswmect

of e nay becone necessary, since in the nathematical

tremtient of the spin the lateral foree coefficient fre—

gquently occurs additively coupled with small quantitics.

At small angles of attack, the mcasurcments up to near

the angle of appx disclose a risc in lateral “force of

d Cq

56 = 0edy . alnost independent of ag. (cfs fig. Ty where,
e

to.ginplify natters, only the curve of Cq for one angle

of sidoslip is plotted). g

Ta sbbie wzone beyond .stallling, the reversali of gign of
the lateral forece is exeeptionals It is due to the fae
that at greater angles of air flow, the wing acts as orbl
digk, which causes an aerodynanmic force in the direction
s f the advonced half of the wings
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Thic sefifdet of rotatilon on the lateral 'forece 'proves
to be quite co“sidorqble. In absolute nagnitude within
the zonec of a steady vertical spin (between 25° and 35°
gty under; nornal load) it romains, however, so snall that,
e TEblhey ailale of yawed flow, for instance, i1t anounts ‘to
around 80° to 90°,*

b) Monents

The measurencunts of the pitching nonment (fig. 8)
narifost in. acecorfance with the opinions woileed /in the
etera turc, regarding the coffect of yawing and rotation,
no abaornal dependence on the two parametérs. Still, the
bonagitudinagl nonent is o little more dnfluencod by lateral
freddent wind than by rotation about -the wind axiss In
feeouro. 8y the monmont coefficient Cy referred to the air-
planc center of ‘gravity at three definite control settings
Eelbawn for on outward slip of PBg = 10° ' at various
rates of rotation. The curves are substantially parallel,
ginee the normal force coefficientsof a horizontal! taill
surface at different control deflections differ in general

erety by an additive coumstant.

Hunerical conparison of coatrol effectivoness with
fihe®ry s quiteo satisfactory; in the morngl flight range
thie neasurenent for an elevator deflection of mn = £80°
givies o nornal force coefficient (qH = g ‘assupmed for
simplicity)

W "V 0 48 x 14,78 % dond
an = M = 0.80
Fg g Ba?Y % 4300
the valuec for CMq being read from figure 8, the others
fron the ailrplance dimensions.

Thei theory gives ¢ pprox1rhtely the sane value for the

nornmls. fores the -horizontal control surfacs! of ‘the M S
5] CI‘—T{
hae lae agnect ratio of A = 8.7, henee —— = 63 With a

OH
conbrol area of around 38 percent the value is around

by

*lhig figure is rcadily deduced from a relation for the
angle of yaw based on the steady spin.
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3 ay

0.7 J/0.38 = 0.43 for e with et A hard up; the fac-
dn

tor e Fow. fully sdicf Leleted ‘control corresponds te e

usuel assunption respecting the the incipient loss of con-
*ol eiffectivenesss Hence the nornal 'force cocfficiecnt ik

-~

&) C“ a o )
Acy,, = “HZ "2 Ap = 0,006 x 0,43 X 30 = 0.78
e O QU an

Figurc 9 shows for AN = 0 the yawing-rolling nmonent
plotitiod lagainisity thie: lanlale of atitack s below the st
moment, st sl L o idependinig part ieul arly upoill thle ishahier iof
the wing tip and the dihedral. On approaching the ctOll-
ing angle the yawing-rolliang nonent increases considorably,
its nmaxinun rise being coincident with the position of
maxinun ifts © One sallent feature is the large anoun't of
the yawing-rolling nmonment in the region well beyond stall-
inge Since high lateral stability nakes the steady spin
very stable against smell distunbances this faet is of dn=
fiox

portance spinning investigations. The value of
ey . 1

= ® 0,4 established here ig in goed agrecnent with
g Be

thoge reported elsewhere in the literature; for. the vyowing=
rolliayg noneat in the separated zone appears to be very
litsdet Cependentyoni tho diesign of the wing tnd oh the di&
hedral anglc, becausce its high anount is largely due to the
transport of boundary layer naterial toward the rearward
shifted wing ‘tips

In Shejpredictionof they
wease found ‘tholt, at thewSnnlil Hng
c
o R

ng-rolling nmonent, it
s of atback

is dependent on the an

zle of yaw,swhile the nonent
o B

e
is constant over a large angle of yaw range. in the stalled
zion el © Ast tioV thie effoet” of the paranecter of rotation on
lateral stability, the neasurenents pernit a yot of no
definite ,pnrmlsal.

Tho effech” of the wotabi
rolling neoneht is! shown' for

n obout the wind axis . on'fhe
= 0° and 10° (outward

o)
Be
grTpYy in “ruros 10nad "T1l. Tor tho non<~stalfed ran;oy
the measurenents give a denping value in roll of
o CLC
— ® ~ 1,0, The calculation of the pertinent tapered
(,UXD‘Q
3

4
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wiaa bip Multhoepp bs theory gives bthe sane: lanocunts

Tnatiab ilidy “in roll ot stald tand irecapcence yoiff o=
t

1
dngas e dolll ot high angles of attack vonddhiileher frnod Ling
velocitics is well reproduced in the ncasurenents. This
demgin g in rioll sceconpanying the spin dsiapproximataly
half @eercat s that ab ‘snall angles off attaclk and spmai

A.

A couparison of figures 10 and 11 discloses 'the well-
known lucreasc in autorotation veloeity for outward sliipl.
feasuecnents at 59 iaward slip (not reproducecd here) bring
out ‘the spin-retarding effect of the inward slip and hence
the inportance of the yawing noments

eriof the rate of awtorotation sindan dubwarc
fly due to a novenment of the boundary layer
8 the rcarward wing tip. This novement “takcs
plaee in the rotating air strcan against the misc of the
gtatiec pressure, fronm which 1% may dbe cofdiimied according
$0 tho ncasurcnents that, up to the onployed rotation val-
SHROR D M= 05387 ot Yeast, Ttheninfluencetofiitiie MSEa s ¢
pressurc gradient is not excessively disturbingly effec-
tive on the boundary layer novencant causcd by yawing.

O

fhe donping 4An roll .is jnot afifected by wlevltor oF
rudder def lcctlons, accordinz sto- tihe cxnurlﬂults; the

Weiwer arir fron ruwdder to wind axisiis nob sabnormally grieab,
evien at hiy he amal es,eo L vabibacles Interesting aileron de-
fledtion experx mcat ould not be made son ithe medels

Whitlie lve pol ling monent is largelyveansed ¢by tike
¥ine s tho yawing nonent is due irn approxinately ecgual HPe-
portions to wing fuselage, and  lateral controly surfacon
wivdeh, in oddition, may even have ¢1fferu 1t signse iecnce
the linited 1nstrumcntdl accuracy cxpceccted beforchand in
the prediction of the yawing nonents, especially of the
generally snoll yawing nonents in rollinge.

Figure 12 gives the yawing-nonent curves without ro-
tation; notc, with rudder deflection the blanketing efifect
off the rudier by the elevator and stabiliger in the stalled
rangece. This Blanketing effeet ig lintenmasifieod Uf ace o=
panicd by pushed-down elevator (not shown) cvean at small
£1ow anicles, wso that the rudder cffecit dropeg B0 porcendie
B yok sl o swinids oty wery snall anglies ol obitiadle o silslaliy
restorins yawing noment (curve B = 10°, ¢ = 0°) is created
in conseguence of thec wind vane stablllty.
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On approaching the stall the unstabilizing wing yaw-
ing nonent incrcases considerably, and the directional
stability is lost; the flow on the shoved-back wing tip
brecaks away sooner as a result of the accunulation of
boundary layer material than on the half shoved forwarde
At fudther lmcreasing angle of atback the anplifiediwing!
yawing noment is gradually superseded by the lateral
control surface noneant turning into the wind, although
weakened as a result of the blanketing efféct. The accu-
racy in the yawing monent measurenents left nuch to be de-
sired in consequence of the cases previously described

For the purposed conparison with the flight tests in
the yawing nonent coefficients about the nor-

igure 18,
nal airplane axis are therefore plotted for several angles
f attack between 15° and 40° with spin promoting control
eflections against the spinning factor )\ and Be = 03

f acconpanied by a positive angle of slip (outward) the
oints of intersection of the curves with the cy =zero
2x1ls shift toward the right.

o B U =i e)

m

A conplete reproduction of the test data was fore-
gone for the stated reasons, although gualitatively it was
possible to include the effect of rolling on the yawing
momente (Thus it afforded a negative yawing nonment in
roll in the zone below the stall.) Hence it is logical
to expect a satisfactory determination of the yawing mo-
nent in the rotating tunnel Jjet with greater instrumental
accuracy (higher dynanic pressurc, use of larger nodel).
Por, while the existence of a static pressure gradient nay
cause a novenment of the boundary layer mass, it cannot
create a wing yawing noment with linear superposition.

The sane nay be assumed to hold true for the fuselage and
control surface yawing nonent: the drag may perhaps be
faleafled 8t higher a, as a result of an alr force to-
ward the jot center but not the drag difference of the
port and starboard side.

FLIGHT TESTS

o conplete numerical agreement can obtain betwecn
the nodel test data and those at full scale because of
theuscale effect. BEven so0, it has been proved in the
foregoing that the effect of the five factors o, Bi N
ik gt meu G has been reproduced substantially correctly in
the wind-tunnel tests. With a view to establishing the
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relative difference compared to flight tests and particu-
larly to verify whether the nmodel tests sinulatce approxi-
nately under the same conditions in a steady spia, a feow
experinental flizhts were made with the M 27D ,.

Durinz these tests a so-called "autonatic observer!
developed by the DVL was installed in the airplanc. It
recorded thrce angular velocitics about the three princi-
pal axos of inertia, the threc normal acceclerations in
the dircction of the three axes, the sinking speed and

the eagine Tr.pPele

In a steady spin (to which is solely referred
hercin) the oquality of the resultant air force with the
resultant nass force gives

A% + W2 + Q2 = G2 + (n Q® R)®

With the equality of the foreces in directioan of the path
q_ ef s
tangent giving

Wig @ sin ¥ =2 1@

the flight-path angle in the spin at between ~750 and =-90°
and the lateral force consistently small nunerically, it
follows that the drag is approxinately cqual to the gross
weight and the lift equal to the centrifugal force.

As stressed in the discussion of the lateral force
vsurcnents, the angle of the yawed flow in a steep spin

n general very great and approaches a right angles

to this, the angle of attack and the absclute anount
ellancle’ of 'pitch arecomplenentary with, here, satis-
actory accuracy to a right anzle, even if the angle of

he flicht path does not amount to -90°., Hence the angle
¥ atiaek @ is giwven by
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The angle of yaw B can be conputed by means of the equa-
tions of motion, A simpler way is, as was done in these
fliﬂhts, to measure B by neans of a bent nozzle; accord~
ing to the flight reocords £ ranged at between 09 and 5°

outward slip.

With Dbx, by, and b, deanoting the neasured nornal
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accelerations of the airplane, the foree

bxa -+ by2 + bzez e® ¢ (0° B)P

fron which the circumferential spced Q R, +the radius of
spin R and the flight path angle ¥ e¢an be determined.

Various pertinent airplanc data during the flight
tests: follows:

li

G/ T 46 kg/n®, wing loading

1y =-1417 n, radius of inertia about x axis
i_= 1,43 n, radius of inertia aboun yilakxls

=
It
=
.
~
(9}

5 s radius of inertia about 3z axis

xg = C.16 v4, csg. position back
The above table illustrates several test flightas

Flights 1 and 2 are left spins, flight 3, a rizht sping
they nust differ even by perfect airplane symnetry, since
the gyroscopic yawingz moment of a single-cengine airplane,
due to the propeller, is not negligible. PFurther differ-
ences are caused by the difficulty of keeping the con-
troks (£aM G0, no~ <309, { » -30°)  atitdénticed deflsde
tionsg during the tests.

Flight 1  Flight 2 Flight 3

;i -0.47 =05 il 0455

et L 27.6 32,2 24.5

Bk . Lal¥ 1.38 1.29
d & 50 63 «56

CL X 103 —312 "'tJo,? '.\.03
o %308, . w4.0 -5.9 5.9

equilibriun gives
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Sinee the spin factor A could not. be ralsad abeve
ORER LI nsBhe nodel, tests, any extrapeolation abowve bthis
figure - for purposes of conparison with the flight test
data.~ nust be made with the reservation that on the
bamdary bayer an airplane spinning at higher maties of
rotation is not pressed outward by the inertia forces to
such an extent as to cause a substantial change of the
profiile eharecteristicgs

In a conparison of the values in the above tadbula-
i enewithethose f£ron the nodel tests the high Yiflecosi-
fieientetof the test flischts, not ewven approximately ap=
proached in nodel tests, stand out. Wind-tunnel tests
with clevator pulled back yielded 1ift coefficients of
fron .96 to 1,00 in the far range beyond the stalls ' How=
ever, the following should be notecd: The wind~-tunncl
neasurenents thenseclves indicate a certain increment of
¢, 1in several cases (conpare fige. 5);i becausey since in
first approxination it may be assumed that

G )

A ;Cﬂ,O(ao+Cﬁw)COS %'l' CW’O(“O"’%)SIH ) 'L(y—) v
cn =l d

e iy

b cos? oy 4

-1

under the same preniscs as before, there is a possibi
that at higher rates of rotation the 1lift itself mnay
crease as a result of locally changed flow conditions.
Haen aoain, it nay be a case of insufficient instrunental
accuracy available in the free—-flight neasurements. But
a definite answer to these questions nust be held in
abeyance pending additional flight test data. Installa-
tion of improved equipnent in the autonatic observer now
under wny should afford more satisfactory lift coeffi-
eionts ta Fflights

e

ty

i
in-

=1

Conpared with the values of figure 5, the drag coef-
ficicents recorded in flight are, on the wholec, lower than
for the nmodel tests in spite of the higher rotation values.
This was, of course, as cxpected, since the scale effect
is wery noticeable then,

The pitching-noment coefficients obtained fron the
flights are, on the other hand, in satisfactory agrecnent

witth the eurwves of figure 6s

An appraisal of the roll- and yawing-nonent coeffi-

RIS Lo e
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cients requires the nost exact knowledge of the magnitude
of the angle of yaw; here somec inprovement is anticipated
fior the future tests. Because thcse two noments are not
neasured about nodel-fixed axes in the wind-tunnel tests,
gone ‘eorrecvion ~is-necegeary for a ceonparison ‘with Flidght
test: datas If this 1Ig cffected f£or an angle of attael "of
250° on the basis of a 59 outward slip, the extrapolation
carried out uader the carlier rescrvation of a rotatien
sonewhat above 0.4, discloses an equilibrium condition,
if both the elevator and the rudder are fully deflected
in the spin pronoting sense. So, within a certain de-
gree of accuracy, the wind-tunnel data for the rolling
and yawing monent nay also be considered to be agreecable
with "the*flicht $est datas

Pransiation by J. Vanier,
National Advisory Ccmnnittee
for o Nervonauwtlcse.
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Figure l.- Experimental set up with[42 & o M 2T
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Figure 4.- Effect of yaw on 1lift
and drag.
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Figure 6.- Change of drag Figure 5.~ Lift and drag coefficient
during rolling, plotted against rate of

rolling,
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force at 10° angle of

Figure 8.~ Coefficient of pitching

oo moment at different
control deflections.
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