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FURTHER FLIGHT TESTSH Oﬁ THE EFFECTIVENESS OF
HAWNDLEY PAGE AUTOMATIC CONTROL SLOTS*

By Wilhelm Pleines
I. MOTIVE AND PURPOSE OF STUDY

A previous article (reference 1) contained the re-
sults of investigations about the efficacy of the Handley
Page automatic control slots incorporated in an Albatros
type L 75 Ass airplane. Closure of the slots prior to
reaching the maximum 1ift was accompanied by loss of danmp-
ing in roll; the airplane suddenly sideslipped, When the
slots ware open, positive damping in roll prevailed at the
highest angles of attack attainable. However, the elsesva-
tor effect within this particular range was so small as to
pernit exceeding the maximum 1ift only in exceptional cases e
with elevator hard-pulled over., It was therefore impossi-
ble to attain to a sweeping exploration of the full effect-
iveness of these types of control slots, especially in the
stalling range, for lack of longitudinal controllability.
The possibility of improved elevator action made continua-
tion of the first experiments appear fitting and proper.

Besides, in the meantime the Handley Page company,
Cricklewood, had developed a new type of automatic control
slot and proposed its installation in the Albatros. Accu-~
rate information on the aerodynamic qualities of the wing
used originally in the L 75 (a modified M 12 airfoil) was
lacking- at the beginning, with the result that the first
slot arrangement conformed probably more to tha customary
thin sections (R.A.F, 15, 28, 31) habitual in Great Brit-
ain, Being apprised of the first flight results, Handley
Page, Ltd., immediately proceeded to develop a new control-
slot arrangement, which in size, contour, and profile shape
was more in keeping with the particular characteristics of

~the Albatros wing.

D " ! N ' . ' ) : " N . .
*TTgitere Flugmessungpn’ﬂber die Wirksamksit von automats
ischen Handley-Page-Schlitzquerrudern." 2Z.F.M., May 28,
1932, pp. 287-294, '
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The installation “of ‘the nhew control-slot arrangement
‘was accompanied at the same time by certain structural
changes intended %o improve longitudinal controllability.
The elevator was: considerably enlarged. (Fig. 1.) The
new control slot the. 1opa¢10n of the. auxlllary airfoil
with respect EXE %ae main wing (upper w1ng) as well as
the extent of the slot across the - w1ng, can be seen in
Figure 2, along with the original type. It has a deeper
chord (254 mm instead of 188 mm), the span of the auxil-~
iary wing was raised from 2084 to 2500 mm, and the modi-
fied cross-section “form’ altered the shape of the leading
edge of the main wing. (See also fig. 3,)

II METHOD SET-UP AND PROCEDURE OF TEST

Comparative 1nvest1gatlons on the airplane with
locked and open control slots were to yield:

1. The maximum angles of attack and 1ift coeffi-
cients;

2e The behavior of damping in roll by interferences
: -in equilibrium position about the longitudi-
nal ax1s ‘in maximum angle-of-attack range.

The glldlng flight’ polars of the airplane in steady
gliding flight with engine throttled to idling were meas-
ured first, and the 1ift coefficients at high angles of
attack defined for flight with definite equal throttle
setting (slightly less than full throttle), The measure-
ments were continued to beyond the usual range with dif-
ferent c.g. positions* in order to adjudge whether or not
an improved longitudinal controllability achieved by back-
ward displacement of the c.g. and less static longitudi-
nal stability would attain to higher angles of attack,
Magnitude and time rate of roll at incipient rolling were
defined in the further course of the test, This roll was
initlated by outside disturbances without application or
canange in control movement from the original eguilibriun
position in throttled flight, and speclflcally in the range
of angles of attack for maxlmum 1ift,

Cea SI lies at 22:3 ‘of"the mean wing chord ; -t cege
S II .at. 32.7 of - tp, computed from leading edge of . ty.
Figured from leading edge of lower wing at root, S I is
900 mm rearward and 715 am vertically above, S II is 248
mm to the rear and 720 mm vertically above the chord of
the lower wing.

i
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Method, test apparatus and procedure have already been
described in the 1931 D.V.L. Yearbook, ‘page 691, Report 221.

The method for setting up moments to disturd the equi~
1ibrium position (application of a continuously acting
weight moment about the longitudinal axis Ry dropping a
balance weight suspended from the tips of the lower wing)
and for determining" the rate of roll are likewjse explained
in that particular report. One very’ simplifying feature was
the arrangement of the additional weights on the wing tips,
- The method of freely suspended ballast bags, resorted to
heretofore, made numerous individual flights necessary.
This objectionable feature was removed by the use of
cowled-in tanks at each wing tip. (Fig. 4a.) One tank
served to receive the water punped by hand from the nain

tank in the fuselage through the pipes laid over the wing,
" The capacity of the main tank is enough for from 8 to 10
wing tank refills (28.5 liters). The wing tank can be
ghut off from the observer?!s seat. (Fig. 4b.) A practi-
cal proof of the sufficiently rapid emptying of the tank -
necessary to initiate a very sudden motion in roll - was
afforded by opening the water tank in a test flight and

at the same instant releasing a ballast bag serving as
balance weight on the other wing tip. It was devoid of
any disturbance in initial position of egquilibrium., It
was also proved by comparative flights that the change in
drag set up by opening the water tank, has no influence

on the initial position of equilibrium (additive yaw),

The tank on the other wing tip which served as bal-
ance weight always contained a fixed weight, corresponding
to the amount of water in the other tank (magnitude of con-
s1s§ently egual rolllng moment: MB = 5 72 X 28.5 = 163.0
nkg .

For obssrvance of the flow process and of the release
upon reaching maximum 1ift, two rows of woolen threads
were fastened across the top span of the left lower wing.
Their actions were to be observed at the various flight
attitudes, The lower wing was not slotted., All the same
it was essential to ascertain whether, at the attained max-
imum angles of 1ift, the separation:had esgqually spread to
the wing TiPp that etipplied tlie greatest quota of darmping
in roll, and %o what extent the "stalled!" attitude is at
all reached, The woolen threads were cinematographically
recorded on various wing sections from tip to root.:
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'III. TESTEEATA'

1. Polar Curves

Flgure 5. deplcts the glldlng—fllght polars* of the
alrolane, Flgure 6, -the ¢, values versus angle: of attack

“rc for thriottled engihéﬁas well '‘as for flight with certain

T throttle ‘setting, i The reference ‘angle ..a' . denotes the

v ahgle:formed by the flow direction on a cebtain point (in-
fluenced by the airplane) above the upper wing (about 1,80
n). and ‘the longitudlnal axig of the airplane. The angle
constitutes in these experiments a comparative measure for
the Teal angle of- attack - o, defined’ from:pitch angle 3,
slope of path @ and angle of setting K. Figures 7a and
- 7b show « and a' plotted zgainst the actual dynamic
Pressure ‘gge. - "

.a) Throttled flight

Tocked control'slots in range of maximum 1ift (1.20
<Ta < 1.25, 22° < a' < 23%°) are abruptly followed by
51deslipp1ng,_a sign of sudden loss of damping in roll.

4 10° glldlhg angle corresponds to the nngie of maximuin
1ift, Every attempt to.exceed this glidi: g angle for the
purpose of’, shortenlng the planing dlstance, means endan—
gerlng the safety.

Wlth control slots open, the angle of maximum 1ift
i (ca max ~ L 38) and even up to a' = 28° can always be
. reached with ample damping in roll, Gliding angles up to

159 and 16° correspond to the highest angles of attack in

stalled gllde, which means con51derab1y shorter flatten-
ing out by ample safety in fllght.

Lonvltudlnal controllabllity is suff1c1nm in every
case, althouﬂh controllability about the normal axis with-
in. range of. 1arge o - is materially lower because of the
blanketlng of the 1at°ra1~controls by the fuselage.

“*These polars are not summarlly comoarable with those given

in the 1931 D.V. L. Yearbook._ The same type. of airplane has
been fitted. with a new .engine of the same type and vibra-
tion dampers. The idllng TaDo .ms of-the two englnes on the
torque stand is. materlallJ dlfferent In add1t10n, the new
larger control slots together with the increased elevator
area, modify the aerodynamie quality of the airplane type.
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The opening process of the slots is stable through--
out (beplnnlng in throttle flight at ¢y~ 0.9, complete-~

ly open at c, ~ 1.20). There was no sign of vibration,
b) Flight with certain throttle setting

After reaching ¢y » 1.45, with slots closed, &
strikingly sudden loss of dauping in roll occurred, wheré-
as, with slots open, there was sufficient damping in roll
in the maximum lift range (cg ~ 1.65 to 1.70) . and even
in stalled flight. . oo S e o

As to the evaluation of the order of magnitude the
maximum 1ift coefficients recorded in -flight with definite
throttle setting, it is to be noted that the real Cg are
probably 5 to 10 per cent lower, )

The not inconsiderable influence at large pitch vari- .
ations of the proneller thrust perpendicular to the di-
rection of flight was not taken into account, ‘thus effect~
ing a simplification, which still is permlssible for the
present comparative measurements, Figure 6 includes the
engine r.p.ms (BUW Va engine) plotted against angle o
for this throttle setting.

The photographs in FPigure 8 show the woolen threads
on the top side of the lower wing as abundantly supporting
the facts surmised from the polar curve flights, In throt-
tle flight, and more particularly, in flight with constant
throttle settlng (correspondlng to figs.8A-D), spreading
of the separation zone of the flow, wnen approaching max-
imum 1ift, begins at the wing root and advances to the strut
fitting and beyond to almost the wing tip.

As the separation spreads the threads become more and
more disturbed, flutter stronger and faster, and finally
orient forward in flight direction. At first the threads
of the rear row, then those of the front row show this be-
havicr, S '

Contemporary with the start of separation at the wing
tip, that is, on the strut fitting, the clesed control
slots are already  accompanied by sudden sideslipping as
indication for abrupt loss of damping in roll, w But with -
slots open the'initial'equilibrium is consistently main-"
tained., There is ample damping in roll even if the sepa-
ration extends across the entire span to the wing tip.
(8es fig., 8D.) YNeither is there any tendency to sudden
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sideslip in stalled flight, a proof of the efficacious
range of the control slots, .

The fact that in flight W1th certain throttle setting
all signs of sudden loss of damping in roll are consider-
ably stronger and more definitely expressed than in throt-
tled gliding flight, must induvbitably be ascribed to slip-
stream effects . It effects, for illustration, such a
change in 1ift distribution across the span that dc,/da
is greater than on the outside part of the wing with great-
er support guota, as a result of the increased circnlation
on the inside part of the wing.

However, therse must still be some other influences of
the slipstream involved not explainable here, as, for in-
stance, change of effective angle of attack across the
span, which also contribute to the strikingly varied be-
havior of the airplane in a stall,

2. ° Measurements of Motion in Roll

The proximate results of these measurements, the
course of angle of roll u with respect to time ¢t Dy ini-
tiation of rotations about the longitudinal axis within
maximum angle of attack range, are shown in Figure 9 for
the airplane, slots open, and in Figure 10, for slots
locked.. ' l

On the basis of the theorstical assumptions treated
in reference 2, for the equilibrium conditions in rolliag,
it was attempted to define the character of the motion in
roll from the time rate of the angle of roll, It is pre-
sumed that the rotation is originally a pure motion in
roll., Within range of the no longer linear, bdbut approxi-
mately strongly parabolic aspect of the 1ift coefficient
above .the angle of attack in range of maxipum 1ift this side
and beyond cg max,» 4damping in roll, which decides the be-
havior of the airplane, is solely dependent upon thec qngle.
of attack of the initial eguilibrium position. Since upon
those premises the 1ift rise drops lindarly with the angle
of attack, the loss of damping in roll in the wing half,
dowaward in the sense of the motion in roll, is always
balanced by the growth: of damping in roll of the up-going-
wing-half, Hereby it is altogether immaterial whethar the
angle of attack for maxXximum 1ift has already been excececded
by one wing tip, provided the law of the parabolic rela-
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tionship is still adhered to even above the angle of maxi-
mum lift., For cg max, for instence,_the_Qamping in rol1l,

~then, '1s zero. -

Table of the- Three Pr1nc1pa1 Cases of

Slmpllfled lotion in- Roll

| N Time rate of | Attitude
Lift Damp-. .| Angle © | Accel- | of rota-,
range ing of g erated | tion about
of | in roll |roll "roll the longi-
initial | roll N tudinal
equilid- M VIR X} - axis
rium po- . ) C .
sition
Case I below posi- |linear|con- zere . |- .
Ca max tive stant .stea@y
Case II Co max | 26T0 |para- |linear con- steady
bolic stant | accelera-
_ tion
Case III | above nega~ |expo- | expo- exXpo- | irregular
Ca max tive nen- |° nen-— " nen- .| accelera-
' fotced| tial tial stial ] tiom

S0 the character of these simplified rolls and the
sign of damping in roll (wing tips are decisive) at start
of motion in roll, is theoretically defined in three main
categories, which have been compiled in above tablse.

The next 1og1cal step is to ascertain whether evident
discrepancies in the dezree of uniformity of the motion
attitude at the inception of. roll obtain to typlcal dis-~
crepancles in damping in roll behavior. '

From the avallable records on the time rate of angle
of roll ' it ‘can .be proved that, with control slots open,
there is a linear rise of w1th the time at the begin-
ning of ‘roll in the entire angle of attack range-of -stalled

flight. It bespeaks the continued presence of damping in

roll, Its retention even in stalled flight must without a
doubt be due to the effect of the control slots. There is
no tendency to. sidesllp.
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-’ 7% Linemr relationship of -, with slots closed, is .,.
:dikewise maintained over t - up to g! = ~ 210 (or to ..
cg = 1.20 to 1.23). Up to this angle of attack damplng in
roll is positive. (Case I.,) A minute digression of ‘tHis
limit results in accelerated roll., The time rate of TR
instead of being linear, is already rather approximately
parabolic, Undoubtedly the angle of attack for maximum
1ift is precisely attained in the initial equilibrium po-
sition, although it is difficult to mdintain this atti=-- -
tude §or any length of time. (Case II - zero damping in
roll

. It had already been attempted to set up a law as to
magnitude and.aspect of rate of roll ﬁ and accelerated
roll h from the time rate of angle of roll u in range
of the no. longer linear relationship., But it was found
that the method of graphic differentiation of | curves
applied at that time was afflicted with many sources of
error; a mathematical interpretation. of the test data ob-
tained in this flight attitude affords scarcely mere than
‘a-clue as to the order of magnitude of - | and .

Admittedly, graphical differentiation revealed in iso-
lated cases an approximately linear rise of rate of roll
B within the inferval of one second., ‘Then u “is constant,
and damping in roll precisely zero. (Case II.) The fig-
ures for (£ accordingly, range betweén 0.150 and 0,205 s~ =,
The weight moment (Mg) was the same in these cases., Tor
evanescent damping in roll the roll acceleration L fol-
lows: {l'= Mp/Jx, where Jx = moment of inertia of air-
plane about the longitudinal axis after dropping a balance
weight. More recent pendulum tests yield Jx = 7256 n kg 82,

U= #gg = 0.225 s~2, At any rate, the agreement of the or-

der of magnitude for the experimentally;and the mathemat-
ically defined [ wvalues is acceptable.and much better,
for instance, than with the earlier results. All the sanme,
the limitations indicated previously, must be kept in mind,
Any decision as to whether damping in roll is zero or neg-
ative, i.e., a forced motion, must be made with greatest
“reservation. '

Sufficiently accurate. test methods do permit to attain
to the magnitude and time rate of .change in a pure rolllng
moment after a -roll has been applied by a known moment,
‘proved by English calculations and flight tests.._(Refer—
ence 3.) But to assure that, it.is necessary. by means of
suitable test equipment, that a sufficiently exact record
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_of the typical quantltles affecting the motion in roll,
such. as.rate of roll and roll acceleration, be obtained
~in.the very first time. interval (about one sécond) after

the rotation has been initiated. Another fact to be kept
in nind is the change in moment of inertia about the .lon-
gltudlnal axies and the altered initial equilibrium posi-
tion following the sudden dropping of the balance weight,
Accord;ng to the English experiments, assuming an instan-

'tanedﬂs initiation of weight moment about the longitudinal

axis, together with a very exact record of & within the
first second. of motion in roll, the determination of the.

rolling mément is subject to an error of about 15 per cent
by neglecting the additive rolling moments due to yaw and
sideslip. However, a sufficliently exact definition of

‘and b during a greater time interval of motion (say, 5

seconds) is possidle only when at the same time the deter-
mination of the amounts of the additive rolling moments is
given by 'exact record of the motion quantltles dec1s1ve
hereto.

However, the purpose of the present comparative study
was to decide whether fundamental differences in the be-
havior of the airplane with open and closed control slots
during the consistently identically applied motion in roll,
permit inferences of the existence or loss of dsmping in
roll, This purpose has been obviously achieved on the
face of the results.,  Even . so, it should be emphasized
over and over that measurements within maximum-1ift range
necessarily require materially different test methods with
much more precise equipment than customary heretofore,
aside from the fact that manipulation in flight is ren-
dered very difficult.

In conjunction herewith we analyzed certain motion

.Phenomena observed several times, which occurred in connec-

tion with motion in roll measurements near maximum 1ift’
and which are typical:for the airplane with closed control
slots, e.ge, the sudden sideslip occurred altogetner un-
expectedly from .a different attitude of the yawing motion,
After initiating the motion in roll (left wing down), a
gradual, ~incipient slip to the left followed after a com~

-paratively -small roll (u ~ 8° to 10 ) had been reached.
:In the first experiments the behavior of the _airplane dur—

ing-the ensuing sideslip was not. followed up any further,
The measurements were interrupted and the: sideslip ended
by apDropriate control movements.

Since ordinarily mno premature'sideﬁlip had been felt
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unt11 much vreater roll had been reached and even then,
occurred in these spec1al cases only when the angle of at-
tack of. the 1n1t1al equ111br1um pos1t10n had become great-
er than '=20°, . it 'was decided ‘to’ eYaJlne this addi-
tlve motlon imore closely. It was found that, in conJanc-
tio ith the sideslip even after a relatlvely ‘short-time
interval, suddenly a motion in roll with high angular ve- ,
locity .contrary to the orlginal rotatlon, occurred, The |,
airplane suddenly slipped over the right wing and went in-
to a r1ght—hand spiral. This conduct was subsequently
observed at numerous times} the elevator aeflectlonsconau-
gated to the initial equlllbrlum posltlon were not changed.
The tlme rate of roll { during. the daratlon of the mo-
tion is shown in Figure 1l. As soon ‘as the airplane, by
mdefiﬂite roll, goes in a sideslip (here, to the left), ‘the
sensuing air loads™- set up a rolling moment which strives to
raise.the inside wing (le\i? in spite of the continuocusly
acting weight moment about™the longitudinal axis, The re-
sult of the sudden and rapid rotation about the longitudi-
nal aXis is a very abrupt rise in angle of attack of the
right wing (down). This rise of the right,wing is at
least so.great (estimated, Ax = arc tan 5'% = arc tan (0,1

to 0.15) = 5° to 10°) that the angle for maximum 1ift on
the outer wing part which supplies the greater guota of
damplng ‘in roll, 1s suddenly exceeded :

_ Tae s1des11p due to rolllng moment w1th1n range of
‘high ‘&3 -may become very large, (Reference  4,) 'On tce
other hand, it has heretofore never been possidle to give
a satisfactory explanation of what the contributory causes
are that abet the entry of such large rolling moments,
apart from the effects due to the specially designed wing
shape. -In any case, the fact that sudden sideslip o.n
occur in flight near maximum 1ift, as, for instance, in
curve flight, as result of "slipping ovér. the inside wing,"
‘deserves speczflc ment1on1ng as a dangerous moment,

In this connectlon, one 1mportant.study would-be to .
determine whether other airplane types also evince a Sim-
ilar conduct. It is not at:all: unreasonable. to assume
that in a left curve near maximum 1ift a slip over the
inside wing leads to a sudden right sideslip and inadvert-
ently into a right-hand spizd. In early spinning accidents,
various statements of eye witnesses to that effect were
1ooked upon as very imprebable. B

It again speaks for the ®ffectiveness of the control
slots that when open, no such motions in roll come into
being., To be sure, a €6 loser investigation of the ensuing
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motion process revealed in isolated cases a reversal of

. the original motion in roll also as a result of the. suc-
- ceeding sideslip, once the rotation had been initiated.

Despite the steady weight moment only a slightly danped
aperiodic roll with almost constant amplitude occurred -
without changing the initial elovator deflections -~ super-
posed by a growing rise in roll and coupled with more. or
less severe vibrations about the lateral and normal axes,
(The latter defined by feel,) The time rate of roll
during this "wabbling" motion is portrayed in Figurc 12
for various'flights. .
' Appareéntly the reversal of the motion in roll occurs
without more pronounced tendency to die out, in contrast

" to the conduct of the airplane with control slots locked,

so that, fOIIOW1ng the always existing damping in roll,

the efficacy of the control slots becomes for once a con-
tributory influence on the damping of the motion in roll.
The entry of restoring moments about the longitudinal axis,
striving to reestablish the initial equilibrium position,
is indicative of the presence of lateral stability even in
range of maximum 1ift, The magnitude of the moments ap-
pears quite high, Hence it may be conJectured that the

influence of the control slots (change in a and 1ift dis-

tribution across the span) during sideslip at the same time
supplies an active quota to these stabilizing moments

about the longitudinal axis, in similar fashion, as later-
al stability can be achieved by special wing design (such
as dihedral, etc.). But whether to ascribe such stabiliz-
ing effect to the control slot or whether the motion is

due to coupling of pure motions in roll with rotations
about tiie other two axes, awaits further elucidation. In
no case i1s there any tendency to sideslipping, with these
motions,

SULIMARY

Investigation of damping in roll within range of max-
imam 1ift with the Albatros L 75, with and without Handley
Page automatic control slots, revealed tire following:

Without control. 'slots,. any atteupt - to go beyond a cer-
tain angle of attack neaf cCg pax in glide and climb, is
followed by sudden sideslip., The conduct of the airplane
throughout the motions in roll, moreover, confirmed that
all attempts to higher angles of attack are accompanled by
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sudden loss of damblng in. roll. So in this range near
Ca maxs © safety in flight is certalnly endangered.,

The behav1or of . the alrplane was pecvllar in.all cases
in which the gradual sllpplng following the initial motion
in roll was examined, It was not orlglnally intended to
follow this part of the- motlon process, Numerous cases
confirmed the fact that, with motions in roll from the
original equilibrium p051t10ns of tlhe highegst atitainabdble
angles of attack, the slipping motion sets up, uhexpected-
ly, a slip over the outside wing. Al? characteristics of
sudden loss of damping in roll occurred markedly violent
as result of the large rise in angle of attack, Of itself
the airplane has excellent flying gqualities.in the service
range of flight., Spinning accidents may find 'in this fact
a further explanation. Cause and effect, to Set up such

fllght motlon, for instance, in curve flight at o near-
" ing cg maxs must be cleared up by further extensive in-

vestigations.

.With control slots, ample daunping in roll prevails
throughout the entire (about 8% enlarged) anglefof—attack
-range of maxirum 3ift and of stalled flight.: No signs of

sudden sidesiip were observed., The records of the behav-
ior:with motions in roll, moreover; .ccnfirm that mainte-
nance of damping in roll in the whole range of large a
is exclusively due to the efficacy of the control slot.

The appearance of steady vibrations in roll observéd
in isolated cases after moticon iz roii had been initiated,
leads one to surmise a stabilizing effect avout the longi-
tudinal axis of. the control slot even abovse that.

Translation by J. Vanier,
National Advisory Committes
for Acronautics.
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Scale 1:20

Fig. 1 Outline of lateral controls of Albatros L 75
before and after modification.

The actual enlargement was:

Name L7 E L75 E (U1l) %
Fin 1.854 m< 1.774 m2 - 4.3
Effective elevator 1.384 ¢ 1,884 " + 6.1
Auxiliary balance 0.280 " 0,360 " + £28.5
Inner balance 0.332 U 0.332 % ° ————
Total area 3.850 " 4,350 " + 13.0
[K-——— 2500x ———>l
¥ 2084 >
e T
o
a
(0
—
- !

k= 18384

reference line
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Fig., 2 Position and mounting of Handley-Page automatic control-
slot at upper wing. The dotted lines denote the examined

new type of slot.
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Fig. 3 Dimensions of o0ld (a) and new (b) type of slot.
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Figs. %’ aB’c,Do

Fig, 4a Albatros L 75

with slots.
Note the streamline
tanks (Fig.4b) suspend-
ed from the lower wing.
One tank serves for
dropping ballast weight
[28.5 1iters(7.53 gal.)
of water].

Pig. 8B Behavior of threads
in normel flight.
The equilibrium position
corresgonds to cg~0.65
(a?~5°), Insignificent
separation at wing root
(film series d).

Fig. 8C Behavior of threads
shortly tefore
readhing maxinmum 1ift. The
equilibrium position corre-
sponds to c¢a~1.15(a’'~12°),
The separation is more pro-
nounced, starting at the wing
root and advencing to the
plane of strut (film series
b,c and 4).

Fig. 8D Wool threads in
stalled flight.
The equilibrium position
corresponds to c¢g~—1.70
(at~ 220), The entire flow
on the topside, wing tips
included, is in the throws
of separation (film series
a,b,c and d). This flight
position 1s maintained only
with open contrel-slots,

Fig. 8 Cinemstograeph pictures (speed 12- 14 m/sec.) of the action of
the woolen threads at different flight attitudee with certain

throttle setting.
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Fig. 4b Sketch of wing tanks, (a) open and (b) closed. The tank is closed from
: the observers seat by mechanical-cable device and ratchet. Upon release
of ratchet, pressure springs tensed on the inside, effect sudden opening

of tank. The openings are large enough to assure gquick emptying of water.
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O A Slot open
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Pig.5 Gliding polar curves (throttle flight) with open and
locked slots. The test point of those polars, denoted
by & and ¥ correspond to the different initial
equilibrium positions immediately preceding the applied

motion in roll.
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Pig.6 Lift coefficient ¢, versus reference angle o' in throttle
flight (a) and with certain throttle setting (b).
(The cg values, shown with A and Vv correspond to the different -
“initial equilibrium positions in throttled flight immediately
preceding the application of a motion in roll.)It also includes
the indicated r.p.m. ng plotted against «' in power flight.
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0 A Slot open. ..
¥ v Slot closed
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Fig.7a o! against actual dynamic pressure g, in throttle flight.
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Fig.7d
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Fig.7”b ! against actual dynamic pressure gy in throttle flight.
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Figs. 84,9,10

Fig. 8A Threads
rigged up
on top side of lower
wing, and section of
picture of series a .

¥ Horizontal
eference plane

" momént (163 m kg).
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Adngle of
roll
against time t for airplane
with slot open (Fig. 9) and
locked (Fig. 10) at the be-
ginning of a rotation above
the longitudinal axis,always
initiated by identical weight
The partic-
ular initial equilibrium
position is shown by ! (ref-
erence angle of attack).

The time rate of p is typ-
ical for magnitude and sign
for damping in roll. With
slots open,., increases lin-
early, in the entire angle
of attacik range (o' up to
28°%),even in range of stall,
hence damping in roll is al-
ways positive. With slots
locked, p increases linear-
ly for o' below 21°,para~
bolic for only a few larger.
angles (219> a'< 22°) and
exponentially resgpectively.
Tae varied p aspect indi-
cates vositive damping in
roll For ! < 21°, zero or
negative for beyond.

Figs. 9 and 10
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Fig. 11 Time rate of u for airplane,control slots locked, after
initiation of motion in roll and subsequent sideslip.
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Pig. 12 Time rate of p for éirplane,slots open, after initiation
of motion in roll and subsequent sideslip.
x denotes the start of water release.
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