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

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 moments. The ex-
periments wers carried out in a rotating alr stream. The
wind was given a spiral motion by means of a rotating
screen, the model being suspended in the conventional man=-
ner.

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

BT ' 1) With markedly increaging angles of yaw the maxi-
nun lift shifts to higher angles of attack;

2) At lower angles of attack the drag is reduced dur-~
ing rolling;

3) In the stalling range the drag is increased durilng
rolling;

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

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

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

*MMessungen an einem Tiefdeckormodell in rotierenden Strahl
und ihr Vergleich mit Flugmessungen." Luftfahrtforschung,
i Bd. 16, Lfg. 2, pp. 104~111, '
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The lack of accuracy.in the neasurenent of the rolle-
ing-yawing nonments was disturbingly noticeable.

For conparison with the model tests, several spin
tests were nade in an alirplanc; the extrapolations, effect=-
cd with certain rosecrvations, indicate that the cemployed
test nethod of rotuting alr stream affords in nany casocos
a practical means rTor thce relatively simple prediction of
the effcet of rolling on the air loads and monents wilth a
good degrec of accuracy.

I¥TRODUCTION

In the last few years the air loads and moments at
high angles of attack have received coasiderasble atteantion,
egpecially in British and U.S. research laboratories,
Since in those problems it conceras first of all the ef-
fcet of rotation about the wind axis at different angles
of attack and yaw, the execcution of the experimeants, gen-
erally on the so~callod spinning balance, present in part
censiderable difficultice. The fuandanental sdvantage of
this type of experiment is this: In free flow the static
pressure is constant and the boundary layer con, if noces~
sary, follow, in the same manncr as on the spinning air-
plane, the centrifugal force.

In spite of the great anocunt of data available it is
still far from possible to predict, even approxinately ex-
act, thc coursc of the aesrsdynanic quantities without
neasurenents in a given particular case. Since, at the
tine of the test flights with a low-wing nmonoplane of the
JFW-M 27b; type,the wish for nore accurate infornation
about the acrodynenic behavior of the airplane had been
voiced, 1t was dccided to make sone wind-tunnel tests
with the new spin recording device developed by Kraner
and Kriiger (reference 1). These neasurements are recount-
cd herecinafter: First, it was intended to verify %o what
extent the view, exprossed in the literature, of the in-
dependence of the forces from the rotation, importeant in
the nathenatical treatnent of the spinning problem, holds
true in thc present case. In particuler, the course of
the lateral force in relation to angle of .attack, angle
of yaw, and rotation were to be .deternized with a view to
more accurate information about the angle of yow of the
relative wind. On account of the known difficulties in
the precdiction of the aerodynamic moments, the experinents
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were to explain the guestlon deciding the usefulness of
the nmethod whether or not the effect of the different in-
fluential guantities is correctly reproduced in model
testing.

In the new spinning balance the model is suspended
fron the conventional six-component balance in the tunnel
jet which is given a spirel motion by a rotatiang screen.
This type of cxperiment has, fron the recordiang point of
view, fundancental advantages over the operation on the
gspinning balance; but, as pointed out at the same time by
Kramer and Krllger, it aleo has one fundemental defect:
the static pressurc of the free flow is not constant. 4s,
a result of the centrifugal force applied at the Jjet the
static pressure dccreascs a little according to a parabolic
law from the circumfoercnce to the jet center. Measure-
nents disclosed a very close accord betwecen theory and ex-~
periment. . '

The noments induced by the variable static pressure
themselves nay, ot higher anglcs of attack where the tail
ig perceptidly awany fron the Jet coenter, be Ignored in the
face of the elsewhere existing instrumental inaccuracies.
Another guestion is whether, as a result of the pressure
gradient, a movement of the boundary layer might occur
which could effect a substantial change of profile charac-
teristics, This change would be in the opposite sense
from the flight test. Since, on the other hand, the speed
of Jjet rotation in the tests was falirly low 'and furthermore,
the drop in static pressure at Jjet center remained small,
no appreciable effect on the profile characteristics through
boundary-layer movenent was anticipated.

TEST PROCEDURE

In view of the original intention to include measure~
nents with the introduction of a spinning radius, the nodel
was nade comparatively small., The lesgened insgtrumental
accuracy resulting thercefrom was, to a certain degree,
aneliorated through the use of sufficiently sensitive meter-
ing diaphragus. This was most difficult to achieve in the
drag component measurenents where, because of the smallness
of the righting forces, i1t 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 = %? could not increase excessively in the

axperinents. The best way for obtaining high specds would
have been with high angular velocities at gufficicntly
high tunncl speeds, 1n order to run the test at the largest
possible Reyrolds Numbers.

On account of the severe speed dccrcease duc to the
rotating screen, it was impractical to raise tho dynanic
pregsure above 30 kg/me, the naxinun wind-tunncl speeds
wsed in spinning-balance tests, at which the strongth of
the nodel and incipient oscillations form an uppor dynanic
pressurc limit.

At this first trial of the new arrangerneat, the high-
ost dynanic pressure could not yot be utiliged iIn spite of
variouns inprovenents, becausc of difficulities with the ro-
tating scrcen, which, for lack of time, could not be renm-
edicd. Measurenments nade for naxinun-lift aporanlsal at
15, 20, and 25 :g/ma Cynaric pressurcs nanifected, 1n agroo=-
ment with other iavestigations, no appreciable inflwuence
of the Reynolds Humber in thisg rango; as o result the tesis
were in zeneral rum &t the low dynamic prossurc of 15 kg/m2,
The choice of low tunnel specds nade it possible to obtain
fairly satisfactory rotaticn wvalues and hence of the effecct
of rotation on the loads and nonents.

Since, in view of the difficulties, readily renoved in
subsoguent tests with the rotating jet, the Reynolds Nunber
was Cigsproportionately small, it was attempted.to increansc
the eguivalent Reynolds Iunber by neans of a turbulence
grid built up of parallel round bars. It could not be
nounted downstrean fron the rotatin, screcen, as 1t would
have destroyed part of the created turbulence. A turbu-
lence g£rid nade of radial bare which would have to be sol-
idly nounted on the rotating screen would obviate this dif-
ficulty.

Lockings o hot-wire anenoneter, the turdbulence measure=-
nents were nade with a calibrating sphore (140 mn dianeter).
They gave o turbulence factor of 2.7 for the noa-rotating
jeot and a nuch lower figure for jet rotntion (at a jet ro-
tation of =n = 2.5 s”%, . it dropped to around 2). However,
it is very likely that the still sonowhat crude test method
is unsuitable for the rotating Jet. The coffective Reynolis
¥unber at 15 kz/m® dynamic mressure was 7.3 X 10% (refor-
ence lensth: mean wing chord).

L
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Th¢ dynanic pressure was explored in the tunnel sece-
tion passing through the axcs of 1ift and lateral forece;
following sevoral inprovements it could be kept quite uni-
- form, Although the distance of the cited tunnel planc
from the turbulence grid anounted to about 70 tinmes the
thickness of one grid wire, the dynanmic pressure still
proved to be greatly affected by the grid and nmanifostod
a wavelike aspect along one tunncl diamoter., This called
for careful nounting of the dynanic pressure recorder,
conprising three parallel Prandtl tubes whose pesition in
the froe strecan had been so deternined fron previous tests
that thoir readings gave the mean dynanic pressure with
sufficicnt accuracy.

On account of the great nass inertia of the rotating
screen, it was experimentally easicr to plet a polar curve
with fized screen rotation and fixed angle of yaw than to
change the rate of Jet rotation at constant angles of flow.
With tho choscn test procedure a complete six-conponent
neasurcinent took only about 10 minutes. This time interval
could not be cxceeded, without overheating the scrcen
rollers, causing thelr destruction anid violeant vibrations
in the tunncl nozzle.

A certain drawbaock of this test nethod is that the
relation of the noments %to Jet rotation is obtained at
first in paraneter presentation and every section placed
through cxperimentally obtained curves has in itself o cer-
tain uwiacertainty.

Tigure 1 shows the tost arrangoment with model nounted,
the rotating screen, turbulence grid, and ancnoneter used
for prodicting the spced of rotation of the jet can be seen
in the background. )

Most accurate geonetric similarity based on conmpara-
tive measurencnts with the experimental airplanc was striven
for on the 20:1 scalc.woodon nodel. It was fitted with
adjustable lateral and horizontal controls, hut not with
ailcrons. In agreenent with this, the ailerons in the
flizht tests werc set at zero. Ho propellor was fittod,
espocially since the flight tests werc made at engine
r.p.1s at which the propeller produced neither appreciable
thrust nor drag.

The highly tapored wing section has a taper ratio of
lgtly = 0.33; an aspect ratio of A = 9.5, angle of twist
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of about 4° and o 5% dihedral. In the first third of the
senispan (counted from plance of synmetry) the airfoil is

a G8ttingen G8 681l; the other profiles over the ncan line
are thickened and flattened, respectively. A few data are
roprsduced ‘for conparison with J.4.CeA. findings: aaxinun
canber about 4.5 percent; dbackward position of naxinun
canber about 40 percent of the chord; thickness about 7
nercent; which places the airfoil hetweon 4417 and 5417

of the HeAeCsAe gscrics.

STH30LS

The oxes and angles are defined in figure 2. Thoy
corresmond to the latest FALU standard of nomenclaturc.
The nn~les in figure 2 are plotted positive; the arrows
indiecate the point from which the angles are counted. A
nogitive angle of yaw indicates an advance of the star-
board wing; thus o positive valuce of angle of yaw in a
right spin indicates that the airplanc is in an outward
glip. While 1lift and drag coefficient arc counted posi-
tive, as usual, for 1lif% and drag in negative 3z, or Xg
direction, the lateral force is positive if in dircetion
of thc positive ¥y, axis. Thc moments, L, M, and W,
are soesitive for positive rotation about thelr respective
aXes.

The nonent coefficients arce defined as

L

Cop = e, rollins noments i
q-d- S
M \ .
e, = —=—, piltching nonent;
5 qF'L
'T -

Cy = —=—, Yawing nonent;

ke qu
wvhere 8§ .is half span;
and 1, nean wing chord.

A positive control defleetion corresponds to a nego~
tive alrplane rotation. Thug:

[ Tegative, « + « .« Jelevator pulled back
Pogitive. « « o« « sclevator pushed forward
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r

t % negative. « « « o rudder to starboard
L positive. « «» + o« rudder to port

Thus in a right spin: n < 0, { <O indicates that elec-
vator and rudder are deflected in a spin-promcting sensc.

Other synbols are explained in the text.

As regoards the acrodynanic moments, the rolling no-
nent Leg = c. F s g refers %o the x, axis, which with
-t
e
the tunnel axis forms the angle of yaw Bg (shown nega-

S
tive in fig. 3). The =xg 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 F1lgqg is re-
ferred to the y transverse axis passing through the cen-
ter of gravity. The conversion is based on a position of
center of gravity 16 percent back from the mecan wing chord -
i.c., at a distance 2b/3w from the plane of symmetry =
the position at which the flight tests were made. The yaw-
ing moment H, = 1, F s g is the acrodynamic moment about

the 1z, axis (1ift axis)., For purposes of comparison with
the flight-test data, tho yawing moment N'= ey F s g

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

TEST DATA
a) Air Forces
The height of the measured maximum 1ift in consildera=-

tion of the low Reynolds Humbers was very satisfactorye.
Thig is important for the preosont measurcnents in view of

*In all plots and in the text, the angle of attack is ex-
presscd as ag and. the angle of yaw as Bas the subscript

e indicating V"experimental" and also "English.'" o 1is
identical with o and By, as secen on conparing figes. 2
and 3. The diffecrent definition - resultiang from the acro-

technical standards - was, however, retalned in order to
prevent a mix-up at the prescat stage of transition where
the old systens of axes are still being cmployed.

*% ¥ = ¥, cos oy + Lg sin ag; note the wrong sign in L.
Hopf's "Aerodynamik," vol. 1, p. 270.
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the relation of rolling noments to 1ift distribution.

U.8., airfoil tests nmade in the high-pressure tunnel at
large Reynolds Kunbers give 1l.47 as naxinun 1ift coeffi-
cient for airfoil scction 4418. This figure is congidercd
too high becavse of the strong turbulence for which that
tunnel is known. :

The polar measurements (fig. 4) nade at incrcased
dynanic pressure wherein the effect of the laterally in-
cident wind was explored over a large range of angles of
vaw (to PBg= 30°) disclosed the following:

. . . 3¢
1. Below nmaxirum 1ift, the gradicnt -1—§§ docereascs
G Fe

with increasing angle of yaw B8g3 this decrecasc
. ' dc g
is corregpondingly greater than product Eﬁ—

[s] Be=0
X cos Beai

nereases the lift maxinmum
with scarcecly any change

e

3. As the anrle of yaw
shifts to high
in e :

Onax (

3. The marked drop in c¢_,, after reaching maxinun,

<
noderates with increasing angle of yaw.

The effect of rolling on 1lift and drag is illustrated
in figure 5 for two different angles of yaw (0 and 5 por-
cent ovtward slip).

Tre originally existent left peak flattcens out as ithe
rate of rolling increases; in the high stalling range, the
1ift is practically unaffected by rolling. Of interest 1is
the drop in drag at snall angles of attack due to rotation;
this is duc to the fact that the half struck from below
rocelives a higher 1ift - in relation to the momentary local

flow direction. -
the greater 1ift
the airfoil, the
dircction yields
hencc. a decrease

than the half struvck from above, Since

is inclined slightly toward the nose of

surnt of the projcctions on the mean flow

a force:dirccted against the flow and

in drag. This phenononon is intensifiecd

as soon as the local lifting force oa the half struck at
reduced aanles of attack is dircected dowawsrd; for in this
case the 1ift projections acting against the nmean flow

direction beceone

additive in equivaleut wing scctions (ot

distance 4y from the plane of synmetry).
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On the other hand, since the tests in the range far
beyond stalling disclose a distinct increase in drag with
increasing rate of rolling, the effect of the different
geonctric oricntation of the individual wing sections is
investigated in the following,at lcast as to the order of
nagnitude., .

According to figure 6, a wing strip of width 1 at
distance ¥y from the axis of rotation has a drag*

W(y) = {cylag + awlcos ay = calag + aw) =in aw} (7)) 1 queq

In view of the intended comparison with the experi-
meantal data,it may be considered as sufficient to neglect
the induced angle of attack and to use for ¢y and ¢y
the well-known coefficients cyo and cgo, ascertained
in polar measurcnents for the particular wing at A = 0.

hese omissions give after a few changes the simple

term for c¢y as follows:

o a (<

4 s

A T eyolao + owleos ay = cgolag + aylsin aw 1(y)
Cy =
cos® oy s

g

Pron this presentation; it is seen that, at small air-
flow angles and average rotation values, the second sunmand
belew the integral produces o considerable decrcase in to-
tal drag merely for kinematic reasons (angle of attack and
dynamic presgsure changes); for on the half struck from be-
low, Cp is substantially grecater than ¢y, hence the tern
with sin a, 1is not negligible in rolation to cos ay torm.

On the other half, the lift may of course be smaller than
the drag, but the product ¢, sin aw renains positive be-
cause of the reversal of the 1ift sign. Calculations yield-
ed for agp = =49 and A = 0.37, a 66-percent reduction in
drag.coefficient; the wind-tunrel tests showed the sane re-
duction (fig. 5B).

With stalled wing, the drag-decreasing effect of the
second term of the sum is lost, as the pertinent 1lift -compo-
nents in ocquivalent wing strips canccl approzinmately; the

*Quantity ag + oy 1s here as elscwhere to be considered as
arguncnt,
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drag-iacrecasing offcct of the first ternm of the sunm becones
80 nuch nore potent. The conditions arc particularly sim~
Plc when assuning the ¢, curve to be a paradola-as far o
Uax 226G then a straight line in the stalling range. In

a conparison of identical wing strips at positive rotation,
a starboard drag increasc defines an exactly .identical port
drog decrease, to the cxtcat that both strips are coordi-
nated o cffective angles of attack bolouging to the
straight brazch of the ¢y ecurve. But if, in this cxanple,
the port wiang strip achieves on angle of attack belonging

to the curved part of the drag curve, the drag decrcasc is
less; o risc in total drog is associcted with it then. -

A calculation for a, = 289 and A = 0.37 yielded a 10-
perceat drag increment, which is in zood agrecnceat with the
gxperinoental results.

7]

Accordingly, these argunents have indicnted the fol-
lowing:

l. Bolling at low anglcs of attack decreanses the drag;

2. In the stalling range the drag is iancreascd by roll-
ing; this incrcase 1s due to the édifference
G = Unaxs Gthe nagnitude of rotation and tiae
forn of the wing (on a rectangular wing the eof-
fect is probvably nreater than on a triangular
wing, becauge of the larger total drag contri-
bution of the outer partsh

Tha absolute anount of the lateral forcc reomains in
nmost flizht stages small conpared to the 1ift, 3ut in 2
study of spinning, a more accuratc knowlecdge of the asnect
of ¢, mnay becone necessary, since in the nathematical
treoatrient of the spin the lateral force coofficient fre-
geently occurs additively coupled with snall quantitics,

At small angles of attack, the ncosurcments up to rear
the angle of anax disclose a rise in lateral force of
d cq
TN =~0.4, alnost independent of a, (cf. fiz. 7, vhere,
e
+ for onre ansle

sinplify natters, only the curve of Cq
a ’

o
of sidoslin is piotted).
In the zonc beyond stallins, the reversal of sign of

the lateral force 1s exceptional. I+ ig due to the fact
that at greator oungles of air flow, the wing acts as drake
disk, vhich causcs an aerodynanic force in the direction
of the advanced half of the wing.

-
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The effeect of rotrtion on the lateral forcde proves
to be quite coasiderable. In absolute magnitude within
the zonc of a steady vertical spin (between 259 gnd 35°
a under nornal load) it remains, however, so small that,
for the angle of yawed flow, for instance, it amounts to
around 80° to 909.#%

D) Momoents

The neasurencats of the pitching nonent (fig. 8)
narifest, in accordance with the opinions voiced in the
lietoraturce, regarding the effect of yawing and rotation,
no abnornal dependence on the two paramneters. Still, the
longitudinal noment is a little more influenced by lateral
incident wind than by rotation about the wind axis. In
figurce 8, the monont coefficient oy roferred to the alr-
planc center of gravity at three definite control settings
is shown for an outward slip of Be = 10° at various
rates of rotation. The curves are subdbstantially parallel,
gsince the nornal furce cocfficientsof a horizontal tall
surface at differont control deflectiony differ in genecral
nerely by an additive congtant.

Nunerical conparison of control effectiveness with
theory is quitc satisfactory; in the nornal flight range
the monsurcnent for an elevator deflection of =7 = x30°
gives o normal force coefficient (qH = g assuned for

N

My T 1 0,45 x 14,78 x 1.34
Cnyg = - = = 0,80
: Fg iy 2.77 % 4.00
the wvalue for i, being read from figure 8, the others
from the airplane cinensions.

The theory gives approzinately the same value for the
nornal force: the horizoantal coatrol surface of the M 27 by

. 2 Cny .y

has as aspect ratio of A = 3.7, hence = = 63 with a
d oy

contrcl.area of around 38 percoent the value is around

*Thisg fisure is roadily deduccd from a relation for the

angle of yow based on the steady spin.
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0.7 /0.28 = 0,43 for ——=— with olevator hard up; the fac-
an

tor 0.7 for fully deflected contrcl corresponds to the
usual assunption respecting the tdee incipient loss of con-
trol cffcctiveness. Hence the normal force cocfficient is
o Cing 0 oy A
d U'P' an

.

Ac:._,l,,T = = 0,006 X 0.43 X 30 = 0.78

il

figure 9 shows for A 0 +the ywawing-rolling nonent
nlotted against the angle of attack; helow the stall this
nonent is small, depending particularly upon the shape of
the wing tip and the dAikedral. On approaching the stall-
ing angle the yawing-rolliag noment incrcases coasiferably,
its naxizmun rise being coincideant with the position of
naxinms 1ift. One salicent feoture is the large amouat of
the yawing-rolling nonent in the rernion well beyond stall-
ing. Since high lateral stabillsyr makes the steady spin
vary stable against snall disfunbances this fact is of in-
portance for gpinning investigations. The valuc of

J c1,
n . . . .
2 0,4 cstablished here is in good agrcecemeant with

-

d Be

those reported clsewhere in the literaturc; for the yawing-
r.llins noneant in the separnted zone appenrs to be very
little Jfeopendent cn the design of the wing and on thoe i
hedral angle, because its high anouat is largely due to the
transport of boundary layer naterial toward the rearward
ghifted wing tip.

I: the prediction of the yawing-rolling nonent, it
was Tound thot, at the srall angles of attack
d Cf
3 Be
is constant over a lorge angle of yaw range in the stalled
zones As to the effect of the paraneter of rotation on
lateral stability, the measuremnents pernit as yet of no
definiteo appraisal. ’

ig dependent on the angle of yow, while the noncnt

e offoet of the rotation about the winl axls on theo

rolling mozeat is shown for B, = 0° and 10° (outward

slip) in figurcs 10 and 1ll. For the non-stalled ranie,
the measurenents give a danping value in roll of

c CLQ

S - 1.0, The caleulation of the pertinent ftapered
W .

£
o

sl

\a
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wing by Hulthopp'ls theory gives the sanc anount.

I: ccurrence of danp-
ing in - attac d kigher rolling
velocitics is well rcyroﬁuced in the moasuremonts. This
danping in roll accompanying the spin 1s approxinatoly
half as great as that at snall angles of attack and small

A

A conparison of figures 10 and 11 discloses the well-
knowd increasc in autorotation velocity for outward slip.
Heasuroncnts at 5° inward slip (not reproduccd here) bring
out the spin-retarding effect of the inward slip and hoence
the inportance of the yawing monents

The risc of the rate of autorotation in an outward
slip is chiofly dwe %o a movénent of the boundary layer
nasscs toward the rearward wing tip. This moveonent take
place in the rotating air strocam against the risc of tnc
static pressure, fronm which it nmay be concluded according
to the ncasurcnents that, up to the employed rotation wval-
vos of A = 0.37 at lﬂuct the influence of the static
pressurc gradient is not excessively disturbingly effec-
tive on the houndary laycr movenent causcd by yawing.

The donmping in roll is not affected by elevator or
rucder defleetions, according to the experiments) the
lever orn from rudder to wind axls is not abaornally greoant,
even at higher angles of attack. Interesting aileron de~
flection experiments could not Le made on-the model.

While the rolling noncat is largely caused by the
wiang, the yawin" nonent is due in approximately equal pro-
portions tc wing, fuselarne, and lateral control surface,
which, in addition, moy even have Aifferent signs. Hence
the linited iastrumental accuracy cxpected bbeTOh nd in
the prediction of the yawing noments, cspecially of the
generally small yawins nonents in rollln,.

Figure 12 gives the ch1“h -nonent curves without ro-
tation; notﬂ, with rudder deflcction the blanketing effect
of the rudier by the elevator and stabilizer in the stalled

rangec. This blanketing effeet is intensificd if accon-
panicd by pushed—dnwn elevator (not shown) gven at small
flow angles, so that the rudder offect drops 60 percent.

In o gife w1qc at very snall angles of Mttac“, a slight
rostoring yowing moment (curve B = 109, ¢ = 0°) is created
in conscquence of the wind vane Sudblllu].
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Oz apnroaching the stall the unstabilizing wing yaw-
ing nonent increases considerably, and the directional
stability is lost; the flow on thc shoved-back wing tip :
breoks away sooner as a result of the nccunmliation of
boundary layer naterial than on the half shoved forward.

At further increasing argle of attack the anplified wing
yawing nonent is gradually superseded by the lateral
control surface nmonment turning into the wind, although
weakenel as a result of the blanketing effeet. The accu-
racy 1n the yawing monent neasurenents left nuch to be de-
sired in consequence of the cases previously described

For the purposed comparison with the flight tests in
figure 13, the yawing nonent coefficicnts about the nor-
nal airplanc axis are therefore plotted for several angles
of attock between 15° and 40° with spin pronoting control
deflections against the spinning factor A and Bg = 0
if acconpanied by a positive angle of slip (ocutward) the
points of intersection of the curves with the " ¢y =zero
axis shift toward the right.

A conplete reproduction of the test data was fore-
gsone for the stated reasons, although gualitatively it was
possible to include the effect of rolling on the yawing
moments. (Thus it affordel a negative yawing nonment in
roll in the zone below the stall.) Hence it is logical ;
to expect a satisfactory deternination of the yawing mo-
nment in the rotating tunnel Jet with greater instrumental
accuracy (higher dynanic pressure, use of larger nodel),

For, while the existence of a static pressure gradient nay
cause a noverent of the boundary layer nass, 1t cannot
create a wing yawing noment with linear superposition.

The sane nay be assumed to hold true for the fuselage and
control surface yawing nmonent: the drag nmay perhaps be
falgified at higher o as a result of an air force to-
ward the jct center but not the drag difference of the
port and starboard side.

FLIGHET TESTS

Do conplete numerical agreenent can obtain between
the nodel test data and those at full scale because of
the scale effect. ZEven so, it has been proved in the "
foregoing that the effect of the five factosrs o, B, A, -
n, and has been reproduced substantially correctly in .
the wind-tunnel tests. With a view to establishing the
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rolative difference conpared to flight tests and particu-
larly %o verify whether the nodel tests sinulate approxi-
nately under the sane conditions in a steady spin, a fow
experinental flights were nade with the M 27D ..

During these tests a so-called "autonatic observer!
developed by the DVL was installed in the airplanc. It
recorced three angular velocitics about the three princi-
pal azxcs of inertia, the three normal accelerations in
the dirocetion of the three axes, the sinking specd and

re

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

A% + WP + Q% = G2 + (n Q® R)®

unlity of the forces in direction of the path
i P

W+ G sin¥ =0

the flight-poth angle in the spin at boetween ~75° and -90°
and the latersal force consistorntly small nunerically, it
follows that the drag is approxzinately equal to the gross
welght and the 1ift egqual to the centrifugal force.

As streassed in the discussion of the lateral forece
neasurecuents, the angle of the yawed flow in a stcep sgpin
is in general very great aand approaches a right angle;
owing to this, the angle of attack and the absolute anount
of the angle of pitch sre complementary with, here, satis-~
factory accuracy to a right anzle, even if the angle of
the flizht path does not amount to -90°, ' Hence the angle
of attack '« 1is given by

cog =‘£§
0

The aagle of yaw B can be ccnputed by neans of the eqgua-~
tions of motion. A sinpler way is, as wos done in these
flights, to neasure B by neans of a bent nozzle; accord-
ing to the flight records B ranged at between 0° and 5°
outward slip.

With bx, by, and by denoting the measured normal
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oA ua

EhsF

the
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. Flight 1  Plight 2 TFlight 3
A eoe ~0.47 -C.57 0.55
o [9] . 27.5 32,2 24.5
Cpe o 1.17 1.33 1.29
Cye o o .50 .63 .56
Cppe o - 31 -.45 -.33
ey, x 103 -B.2 -5.7 4.3

ey x 103 -4.0 -5.9 5.9
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Since the spin factor A could not be raised above
0.37 in the nodel tests, any extrapolation above this
figure - for purposes of conparison with the flight test
data - nust be nade with the rescrvation that on the
boundary layer an airplanc spinning at higher rates of
rotation is not pressed outward by the inertia forces to
such an cxtent as to cause a substantial change of the
profilc characteristics.

In o comparison of the values in the above tabula-
tion with those from the nmodel tests the high 1lift coef-
ficients of the test flights, not even approxinmately ap-
proached in nodel tosts, staad out. Wind-tunnel tests
with clevator pulled back yielded 1ift coefficients of
from 0.96 to 1.00 in the far range beyond the stall. How-
ever, the following should be noted: The wind~tunnecl
neasurenents thenselves indicate a certain increment of
c, in several cases {conpare fig. B); because, since in
first approxination it nmay be assuned that

+ .
A Y enolao + aydeos oy + cyolae + oy)sin ay 1(y) v
o=y e (3)
4

~
=~

a - —
& » s

cos? ay S

I

Y

under the same prenises as before, there is a possibility
that at higher rates of rotation the Lift itself nay in-
crease as o result of locally changed flow conditions.
Then neoain, it nay be a case of insufficient instrumental
accuracy available in the free-=flight neasurements. But
o definite answer to these questions nust be held in
abeyance pending additional flight test data. Installa-
tion of improved equipnent in the automatic observer now
under wnry should afford more satisfactory 1lift coeffi-
cients in flight.

Conpared with the values of figure 5, the drag coef-
ficicnts recorded in flight are, on the whole, lower than
for the nodel tests in spite of the higher rotation values.
This was, of course, as expected, since the scale effect
is very noticeable then.

fhe pitching-noment coefficients obtained from the
flights are, on the other hand, in satisfactory agreonent
with the curves of figure 8.

An appraisal of the roll- and yawing-nonent cocffi~-
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cients requires the nost exact knowledge of the nagnitudo
of the angle of yaw; here sonc inprovenent is anticipated
for the future ftecsts. 3Because these two noments are not
neasured about nodel-fixed axecs in the wind~tunnel tests,
sone corrcetion i1s ncccssary for a conpoarison with flight
test data. IFf this is effcetod for an angle of atiack of
259 on thce bvasis of a 59 outward slip, the extrapolation
carricd out under the carlier rescrvation of a rotation
sonewhat above 0.4, discloses an egquilibrium condition,
if both the clevator and the rudder are fully deflectad
ia the spin promoting senge. So, within a corftain de-
zgraee of accuracy, the wind-tunnel data for the rolling
and yawing nonent nay also be considered to be agrccable
with the flipght test data.

franslation by J. Vaniex,
Wational Aldvisory Comnitice
for Aeronautics.
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