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A STUDY OF CURVILINEAR FLIGHT*

By Helmuth Kruse

Hotastion

a® = angle of attack;

a0 = angle'dfléttao} for zero Llft
8% = angle of aileron setiing,

Ca, = 1ift coefficient,

Cn = éoefficient of normal force,
Cyw = drag coefficienf, -
Chyp = coefficiéntrof'rolling_mqment,
gz? 1/° = 1ift gradient, _

den . 0 v o AP
35 1/ gradient of normal force,
d/t - . = profile thickness,
o (m) = span;u

t (m) = chord,

a (m) . = gap,-

1 (m) = 1length of one aileron,

F (m2) . wing area,

Fq(ma) = ailefon afea,

I (mkg s®) = inertia moment about vertical azis.-.

*N"Untersuchung des Kurvenfluges," from Zeitschrift fur Flugtechnik
und nOtOIluquChlIfahrt Jai. p8 1931, Vol. 23, Wo. 3, Verlag -

-

von R. Oldenbourg, muncqen und Jerlln
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M, (mkg) = r6lling moment due to aileron setting,
D (mkg) = damping moment,

Lo (9) = inclination (bapk)

v (m/s) = wind veloclty

q (kg/m?) = dynamic pressure,

o (1/8) = angular speed of rotation,

gﬁ (1/s2) = angular speed of acceleration,

T (s) = time

When an airplane deﬂcribe a éﬁfﬁéAif‘tdkeE.é oertain?time
fo: it to turn from 1eve1 to 1nc11ned pOSlClOP and then back to
level again. In uhe ¢olloq1ng, we' exnieos tpo motlon about the
horizontal axis as "“oTl" or "bank" and thc dOthP perpeadlou—
lar to the vertical axis, i.e., the actual curve, as "turn."

roll
The moment of wedd is

%“%-—D, | (1)

Mp =op. ¥ tq=1I
with coerfficient of rolling moment Cuy dependent on aileron
setting PB. Therefrom follows the time required to attain a

certain inclined position by given angular velocity* as

12 I | 1 -
g do vk da
12 om,.
with k = T

*Lachmar n, "The‘Spén a8 Undefl?ihg Basis in Airplane Design,"
Zeltsobrl“t fur Flugtechnik und iiotorluftschiffahrt, 1928, op.
198~-203. - T
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Lachimann then assigns to each inclined position produced by
a rotation at éertain angular velocify avportion of the tura in-
the horizontal plane, and deduces the +time of turn through an
angle of 90° and 180°, respectively. Hereby it is assumed that
the-inciined position has reacked its maximum after a 90o.tgrn;f

According to Lachmann, the time Hr a 180° turn is

- - 1 .
‘p_ = 8 arc cos.e ETWVIE : (3)
W o

With these two equations (1) ‘and (2), we can now determine
the épeed and time of roll and the time of turn. PBut .the method
presents one difficulty when defining rolling moment M, or
its coefficient Cry. - According.tb Lachinann, cﬁ? is assumed
or estimatéd from wind-tunnel data. But in estimating, we ven-
ture into a very dubious field. In order to arrive at an approx-
imation of the actual figures, it would necessitate a great
amount of experimental test data on wings of many different pro-
files with different aileron settings ahd "aileron area/total
wing area" ratio, which we, however, lack.

'So we shall endeavor to interpret Cp, mathematically from
Wieselsberger and'Asanbfé répért, "Determination of Aerodynamic
" Forces and Moments Induced by the Ailerons of a Wing," Zeit-
.schrift f87 Flugtechnik und Motorluftschiffahrt, 1928, pp. 289-293.
Even then it calls for the aerodynamically effective angle-of at-
'tack»of the wing section with:deflected aileron: a + aqQ and

o - aQ; féSpectively,“which,MQSt te defined by calculation or
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wind-tunnel experiments. Tﬁen the ﬂuTQeA cé ﬁ'f(a)‘ repréééﬁts
a ééfleu of alnost Dara11el llnoo for a oroflle Wluh dlfferent '
allelon setulngs (Fig. 1). So 1ong as the 1ift gradlent af—' is
constﬂnt uhey may ve cons1derud as oarallcl At settlngo of a
> & 15 we encoupter dev1 tlonn Wthh aro’attrlbutabWe to the
breakaway of the flow. | | o

- On the premises of vdrious experiments, Toussaint* evaluates

the 1ift of a profile with aileron setting at

€, = A (ay + .Bo + m 1@) : . (4)
where . | - A; ;“‘OQOS (1 + e) A
oo Ak 1,57 (14 €)
K2 b
?\, = Fb....’

K= being Iurk's value for_biplgne calculation glightly
modified by Toussaint. Value € is dependent only.on the prpfile
thicknéss, and Toussaint's formula (1 + €) = (l + 0.8 d\ is
applicable only when d/t < 0.13. Facﬁqr :AA ;hus ;gdlqates the
1lift gradient. Toussaint's notation of;the angles in equation
(4) may be seen in Figure 2, with, (@, +.B§) as angle for zero

lift. A glance at Figure 1, which ex hlblﬁs Wieselsberger's meth-

~od, reveals that angle ) and Toussaint's .m B are identical.

According to Toussaint, the coeificient m is:

m = mgy - 0.0058 . . . (5)

*Toussaint, "L'Aviation actuelle;" 1928, -Librairie Félix Alcan,.
Paris. .
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SIS

Jo (1 - 0.315 o) (8)

where g

Q
i1

FQ' being the sum of the alleron areas and F the total wing

ares inclusive of ailerons. Consequently,

ag = { \/- (1 - 0.215 —9\'- 0.005 B} (7)

Applied to the Heinke} HD 35,i?;yields:
Fq = 3.5 m*, F.=323.4m® and %g = .0.1082
ag =B (o 409 - 0.005 B).

Toussaint then adduces an emplrloél.ﬁalue for m, which is
stated to be better suited to Wlngs w1th cut-out section and
less aileron area: . |

my = 1.64A/??=:O;3..1'kinwoﬁr example) _ (8)
- where - the amount for mo is now sllghtly below that revealed
by equatlon (6). LaSuly, QQ: beco:es

ag = B (0.343 — 0.005 B).

With &g’ the curve ¢4 = £ (o + GQ) is also known, for
we assumed the 1ift gradient to be constant for all light curves
with aileron settings.

Wieselsberger specifies the rolling moment as

i, = q P Lo | - (9)

where § 1is continwent on the ratio of twice the length of the

ailerons to the spav and on the non dlmep51onal parameter
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2D
c

P = The ¢ value can be. determined from a set of curves*

. B
so that the rolling moment can now be calculated. The applica-

tion of (1) o (9) vields the coefficient of rolling moment

ou, = 2 ¢ ag | (10)
'E X a n r l.e

Q.
e
=

i

With by = 11.00 m~ tp-= 1.55 m 1o = 3.

20
W

by'= 9.85 m 1ty = 1.55 m ly =

for the Heinkel HD 35 biplane, we have
31 o _ 949 -
= = 5,33 ¢, = 3.42 p =,5.53,

and consequently, ¢ = 0.08. Hence,

Cm, = 0.538 ay
ag =B (0.343 - 0.005 B) °
v -

'1.15 .-

Téble I embraces.the data for coefficient of rolling moment
Cmyp at various aileron settings =nd the auxiliafy quantity k
as graphed oan Figure 3.

Wow we interpret o = f (TR) from equation (2) and at the
same time deduce tu@ effect of the inertia mox ent about the lon- .
gitudinal axis. To this end we extend the oalculation to two
‘different inertia moments but with identical wing dimensions.
It is assumed that one inertia moment is 25% greater than the
other. An estimate reveals I, = 340 “and I, = 425 mkg/s®.

The aerodynamic coefficients concede the 1ift gradient and the

*S. Wieselsberger, Zeitschrirt fur Flugtechnik und Metorluftschif-
fahrt, 1928, p. 391, Figure 5. :
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normal force gradient at

dcp
do®

dec
= 0.03569 and 5-3 = 4.0,

~

as illustrated in Figurve 4, where g, Cp, a2nd Oy are H. uliller's
data (Luftfahrtforschung V, 1) on the Heinkel HD 35, plotted
against a. The flight speed is assumed at V = 108 km/h, and
‘the calculation is to be made for three aileron settings, namely,

B = 2°, 8%, and 16°.

Teble I shows k = 0.00719, and equation (2) yields for

I, and I;:
T, = 0.700 log 1 and Tp = 0.875 log = .
Ry 1~ 18.6 2 1 - 18.8 w
In the same manner we obtain:
For B = 8°
k = 0.0259, and "
1 X _ . 1
TR1 = 0.700 log T ETE and TRg = 0.875 log T e I5 o
and o
_ For B = 18
k = 0.0455, and
1 ' 1
= 0. { i . = 0.875 1
TRl 0'700 log T 5 9% G and T . 0.8 og T =553
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| TABLE I |

B® {0.0058 m x%q ag Cm,, k

2 0.01 0.35% 0.666 | 0.01162 0.00825 0.00719

4 | 0.03 0.323 1.292 0.02355 0.01213 0.01397
8 0.04 0.303 2.424 | 0.04225 0.0232356 0.02594
12 | ‘0.06 .| 0.283 3.3986 0.0591 0.0318 0.0386
16 |.0.08 0.283 4.208 0.0734 0.0395 0.0455
20 0.1 0.243 4.88 0.0848 0.0456 0.0535

(Compare ‘Figure 3):

The evaluation is carried through in Tables II-IV, and graph-
ically shown in Figure 5, where the effect of the inertia moment
is plotted against the angle and thé speed of roll. TNow it is
apparent that o = f (Ty) is asymptotic in its course toward
T = », as may be deduced from equation (2); because at maximum
angular.véloqity we obtain log %,
ly, w rwust beconme practically constant withih a certain intér—

that is, TR = ».. According-

val, and the calculation revealed this time to be the same for
all three aiieron settings, namely, Tr = 1.81 sec. Here it is
assumed that the angular velocity is uniform when it reaches

99.5% of its maximum.

TABLE II

| l
, ) 18.8w 1- ___l__~
o /s |10 ¢ go ToIB 6D
0.02 |1.148!0.372(0.828| 1.595(0.2037 | 0.142!0.1630.177|0.203
0.04 12.295/0.74410.256 3.91 [0.5921 | 0.414!0.949(0.51811.187
0.05 |2.86310.93 |0.07 | 14.3 |1.1553 | 0.809{2.31 |1.01 |2.89
0.052.12.98 10.967.0.033| %0.32 |1.4817 | 1.039!3.09 |1.296|3.86
0.0545|%.065!0.9950.008 | 200 2.501 | 1.81 |4.94 |2.012!6.16
0.0538!3.08 11.0 |0 | -

log T, My T, M2

By virtue of the form of equation (2) the results for the

three aileron settings can now be generalized, and we proceed
b
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to define the effect of the angular velocity - when becoming
constant - on the angle of roll. As previously stated, the con-
ditions are_idenfioal for all aiieron settings, so we cite but
one exémp1e~ﬁj | | . '

Accordlng to rlgure 3, the angle of roll is u = 17.82°
after l 61 8, that 1s,~after entry of the u31form aﬁ*ular veloc-:‘
ity of 0.1931(1/s), with a B = g° aileron settlng.. Jow,dsup—_i'
posing the airplane had turned at the outeet With.d maximum an- H
gular velocity w = 0.1941 Withbut any acceleration; then it
would have described an aﬁgle M = 17.9°. This medns;fthat to
disregérd thé angular acceleration, Qonstitutés an eiroii&fithev
order of A % O. 45%, which is very small andAbecomeé étiii
smaller by 1pcrea81ng the time of roll but greaber as the tlme-i,
of roll decreases. It must have atualned its maximum as Soon asfﬁ

the motion bégins; it is, for example,

- 0.03

—_ o.
Ab == 366

7 100 ® 904

OO)

after 0.0339 s, although it seldom is a question of time inter- -
vals which are much lower than one or two seconds. We can safely
ignore any values below that Qf the period of acceleration and,
at that, the error becomes so small that it may be'disregarded.
Moreover, even a 90% error would hardly become -significant, be-
cause the period of its validity is very restricted. It is abso-
lutely immaterial whether the distance is covered in 0.03 s or

in 0.06 s.
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TABLE III

W w/s |5.150 |1-5.150|7=—3=5i 108 7, Hy T VR
0.02 1.148{0.103 | 0,897 1.115/0.047 |0.0329| 0,0377 | 0.0411 | 0.0472
0.06 | 3.44 {0.309 | 0.691 1.45 10.1614 {0.1129| 0.388 | 0.141 | 0.485
0.1 5.73 {0,515 | 0.485 2.065!0.3149 | 0.22 1.26 0.275" | 1.576
0.15 8.6 |0.772 | 0.228 4,39 10.6424 | 0.449 | 3.85 0.561 .| 4,840
0.16 | 9.16 |0.822 | 0.178 5.62 {0.7497 1 0.525 | 4.8 0.655 6.0
0.19 [10.9 |0.98 0.02 50~ |1.6989 |1.188 12,95 1.483 | 16.2
0.1931111.07 10,995 | 0,005 {200  12.301 |1l.61 |17.82 2.012 |22.23
0.194 [11.11 [0.9986{ 0.001 .|750° - -|2.875 .|2.,012 [22.33
0.1941{11.12 {1.0 0 ‘ '

TABLE IV -
A s . L . 4 ,

w (.\P/s 2.923w|1-2.93Ww m log |- Ty Moo Ty Mo
0.02 1.148/0.0586| 0.9414 . 1,062/0.0261 |0,01823| 0.0209| 0.023 | 0.026
0.06 | 3.44 |0.176 | 0.824 1,21710.0853 | 0,0598 | 0.205 | 0.075 | 0.254
0.1 5.73 10.293 | 0.707 | 1.418/0.1516+:0.1060. | 0.608 | 0.132 | 0.76
0.15 8.6 [0.439 | 0.561 1.784{0.2514 | 0.176 1.515 -o 22 1.895
0.2 11.46 {0.586 | 0,413 | 2.422{0.38 |42 0.269 | 3.08 0.335
0.3 17.9 10.879 | 0.121 8.27 10,9175 | 0.641 |11.03 o ,801 | 13.78
0.33 118.9 10.966 | 0.034 .| 29.43 11,4688 {1.027 - |19.4 1.285 [24.3
0.336 [19.27 10.985 | 0.015 | 66.7 [1.824 |1.28 24.65 | 1.55 |29.8
0.339 119.45 |0:995 | 0.005 |200 ,..[2.301% |1.61, - |31:3 .. | 2.012 31l.1
0.341 [19.55 !1.0 0

Now, we try to ascertain whether the uniformity in angular

velocity can be attained

flight speeds. .

For B

= 86:-

and

TR

The<eva1uation is

-2 21 log

1

k 0 02594, we have

v 1 - 154. 5

in the same time interval for other

appended in Taole V and dlagrammetlcally

shown in Flgure 6, with the effect of fllght speed agalnst the

angular velocity and angular aoceleratlon.

It is seen that the

“duration of the angular accelerations diminishes as the flight

speed increases.
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Table VI recofds the time intervals up to attainment of
constant angular velocity for various flight speeds, aloug with
the angle of,roil attained in this .interval. It is seen that
the same angle of roll is attained for all flight épeeds at en~
'try of uniforn angular velocity..

The effect of the inertia moment is of a special kind.  The
inference from (3) is that the angular velocity becomes quickly
constant as the inertia momeﬁf diminishes and the wing area in-

creases, or more explicitly as: decreases. ~This is ascrib-

-b2
able to the greater damping in roll, which-ostensibly has a' mate-
rial effect as the wing area increases. - primarily, as the span
‘becomes greater.

For illustratioﬁ, we againluse the aileron setting - B = 8%,
Obviously, the effect of. the inertia moment- lasts only so long
ag acceleration prevails; once the uniform angular veloeity- has:
made its appearance its role is ended. The duration-ofX the angu-
lar acceleration raises with the inertia woment, as Figure 5 ..
shows. After 2.01 seconés, a 35% greater inertia moment reveals
the angular velocity constant (Tables II;iV, and Tig: 5) as
against Tg = 1.61 s with the original mément of inertia. - This
is a difference of A T = 25%. -Gonsequently,'the'périod of the
angularAaccelérationnincreases in the same measure.as the. inertia
moment.

Upon termination of the apceleration,-that is, after 2.01 s,

the airplane has executed a turn of 22.23° with a 25% greater
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ing;tia'moment, whereas the original angle of roll is 23.33°
(Taﬁle III).. Now the difference amounts to AU = 0.45%. This
discrepancy diminishes with increasing time or with increasing
angle of roll and increases toward TR =0 or M = 0. After

T = 0.525 s, for instance, the difference is

_ 4.8 - 4.4 _ e
A u 4.8 100 8'35/0

Again disregarding the #éry short time intervals (perfectly
justified in this case also), the inertia moment may be neglected
forthwith, and the remaining problem is to prove that a change
in inertia moment at small angle and time of roll exerts a great-
er effect than in the opposite case. -

The contention that small inertia moments about the longi-
tudinal axis are-preferable fér reasons of greater maneuverabil-
1ty, 1s erroneous, because the effect of this inertia moment on
maneuverability is ektiemely slight. Even under the most ad-
verse conditions, that is, small rate and angle of roll, the ef-
fect of a greater inertia moment still remains disappearingly
small..

The elinmination of inertia moment and angular acceleration

makes the calculation extremeiy simple. For I %% we deduce
w de . '
== EEE from equation (2), or

dcn

da (11)

w=vk
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Now we can compute the angular velocities for any flight

speed and aileron setting (Table

VII, Figs. 7 and 8).

TABLE VI

v o120 25 |80 35 40 45 | 50

T | 1.6 1.28 | 1.087 | 0.912 | 0.799 | 0,71 | 0.839

w | 7.23 8.99 | 10.8 12.61 14.4 16.22 | 18.03

b | 11.5 11.5 | 11.5 11.5 11.5 11.5 | 11.5

TABLE VII

v B =2° 40 8o - 139 169 20°

j k=0.00719 | 0.01397 | 0.02594 | 0.0366 | 0.0455 | 0.0535
20 0.0359 | 0.08985 | 0.1297 | 0,183 | 0.22375 | 0.2635 x
25 0.0448 | 0.087 | 0.1G18 0.2283% | 0,284 |0.3275 |, &
30 0.0538 | 0.1045 | 0,1941 0.2Y4 10,541 |0.393 | dd
35 0.0826 | 0.1318 | 0.3283 0.3195 1 0.397 |0.458 |'5Q
40 0.0717 | 0.1395 | 0.259 0.3655 | 0.4545 | 0,534 | @i
45 0.0808 |0.1588 | 0,2916 | 0.411 |0.511 |0.59 |[<¢®
50 0.0896 10,1743 | G.334 0.457 10.538 |0.855

TABLE VIII _

s e =30 40 8° 230 169 200
20 | 400 26.9 | 53.3 | 97 137 | 170 | 196.5
235 | 6235 42 81.5 | 151.7 214 | 266 | 307 &0 @
30 | 900 0.5 | 117.7 | 218.3 308 | 383 | 442 g4
35 | 12235 83.4 | 160 297 419 530 | 6C0 oo
40 | 1600 | 107.8 | 209 388 547 | 680 | 785 Qo
45 | 2035 | 138.2 | 284 491 693 860 993 o &
50 | 3500 | 168.5 | 326 608 855 | 1065 | 1228

| J
A TowY lo16wv]|g>riswv . M M T T?
m/s O - Rl le 38 i =(w T)O| are s s
B | TABLE IX - TFor B = 2°

30 10.0359/0.1149 | 1.122 | 0.893 | 26.9 |0.47 |13.08|26.16
30 |0.0538{0.2533| 1.293 | 0.773 %9.6 |0.69 [12.83|35.84
40 {0.0717/0.459 | 1.583 | 0.6335 50.9 |0.885|12.36|34.73
50 |0.0896/0.717 | 2.05 0.438 61.0 [1.062{11.86/23.73
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v T oY o | ~o. vl wo | W T | T
m/s| Y 3@ g g0 0 Ve e O Vi_()7 )0 are s | s
| TABLE X - For B = 4°
20(0.05985| 0.2234 1.25 | 0.8 37 0.645!9.24 |18.48
3010.1045 | 0.502 1.6852 0.605 53.8 10.92 (8.8 |17.6.
40'0.1395 | 0.893 2.44 0.41 ° 66 1.149/8.24 | 16.48
45/0.1568 | 1.128 |  3.09 | 0.334 | 71.5 |1.2343{7.94 |15.88
50{0.1743 ! 1.395 | " '4.03 - 0.248 78 - 11.32317.59 |15.18
TABLE XI - For 8 = 8°
2010.1297 | 0.4145] - 1.511. | 0.682 | 48.8 }0.85 |6.56 |13.12
25(0.1618 | 0.648 1.905 0.525 57.3 |1.018/6.3 |12.6
30{0.1941 | 0.9335| 2.536 0.395 87 1.165|6 12
35(0.2263 | 1.268 3.543 0.282" 7%3.9 |1.288!5.69 |11.73
40{0.359 | 1.859 5.15 0.1944 97 1.378(5.31 |10.6
45]0.2916 | 3.1 8.13 0.123 83 1.448(4.,96 | 9.92
5010.334 |2.594 | 13.33 |- 0.075 5.8 ]1.498{4.61 | 9.22
' i
. | TABLE XII - For B = 12°
20(0.183 | 0.585 1.795- 0.5575 56.2 |0.98 |5.35 |10.7:
25/0.2283 | 0.913 2.49 0.402 66.6 |1.18 |5.075!10.15
30/0.274 | 1.315 3.718 0.2695 74.5 |1.30 !4.74 | 9.48
40/0.3655 | 2.34 10.35 0.0966 84.6 |1.475|4.03 | 8.06
5010.457 | 3.86 38.9 0.03573 | 85.7 11.495(3.27 | 6.54
TABLE XIII - For B = 16°
20/0.2375 | 0.737 2.07 0.483 861.5 |1.0894.7 9.4
3010.341 | 1.838 5.13 0.195 78.9 |1.377|4.03 | 8.08
4010.454 | 2.902 | 18.2 0.055 87 1.516(3.3%34 | 6.88
50/0.568 | 4.545 | 93.4 0.01072 | 89.5 |1.56 |3.75 | 5.5
, TABLE XIV - For B = 20°
2010.2625 | 0.84 2.315 0.435 84.6 11.135{4.28 | 8.58
30/0.39% :1.888 | .6.59 0.1519 81.5 |[1.42 !3.81 | 7.232
40(0.524 | 3.35 28.5 0.03515 | 88  .{1.538|2.94 | 5.88
5010.655 | 5.24 1188.3 0.00521 | 89.7 11.568/2.39 | 4.78
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Equation (1) yields>the rolling moments for these angular
velocities

My = 10.76 oy, v?

This formula is interpreted in Table VIII, and the»computed roli—
ing moments graphed in Figure 9.

The "time iﬁtervalsvof_the.turﬁs for é 180° curve were cal-
culated from equation (3) and appended in Tables IX-XIV, while

Figure 10 represents the results graphically.
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Resume of the Results

1) The time required to attain a uniform angular velocity
is the same for any aileron setting; it diminishes as the
flight speed and the size of the wings increases and, to an in--
considerable extent, ‘as the inertia moment .decreases, |

© 2). .The. angular acceleration may be’'disregarded.
i3) The error, resulting therefrom, increasés as the time
of turn decreases; it is the same for any aileron -setting.

©:4) By a certain aileron: setting the sameﬁaﬁgle“of‘follwis»
attained for all speeds upon termihation of the -anguldar acceler-
ation. -

5) . The period~ofithezangu1af acceleration raises in the: -
same.measure as the inertia moment.

6) A changed inertia moment is markedly more -perceptible.
at small angle and time of roll than in the reverse case, al-
though the effect is negligible.

©-7). The size-of the inertia moment has prac¢tically no ef-.
fect on the time of :turn.

" 8)- :The moment of réll increases With.the‘aileron:setﬁing
and .the flight speed.

9) The angular velocity is directly proportional to . the
flight 'speed and to the coefficient of‘rolling'ﬁoment,zandfin—
versely proportional to the span‘ahd~t§ the gradient of the nor-
mal. force., - ‘

10) The time required to complete a curve is inversely pro-
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portional to the aileron setting_and to the flight speed.

Now we check the caloulation by actual flight test. We re
' cord the time of turn, the flight speed aﬁd aileron setting for
each curve With the aileron setting indicator shown on Figure
1l.» ‘Tae clockwork of the recording drum was started electric-
ally from the observer!s seat and ran as long as the circuit re-
mained closed. . The deflection Waé transmitted by the aileron
connecting-strut to the recoiding.pen and recorded on the drum
which had;a periphery of 336 rmm and rotated at the rate of one
revolution per 183.8 seconds. By releasing the apparatus for
the duration of one curve only we were abie fo record several
curves on one diagram, which otherwise would have been impossi-
ble by the low rate of turn of the drum. Aside from siight os—l
cillatioﬁs called forth‘by very fast and abrupt'aileron deflec-
tioﬁs, the device proved %ery successful.,

A 180° curve at different flight speeds and aileron deflec-—
tions revealed 1) the aileron settings at which the curve was
entered and abandoned; . 2) the time rate from one zero poSition
of the aileron to the other. This timeAIealiy should show the
duration of the curve, but we stopped at continuously'increasing
periods, because we took the time beginhing at the horizontal
and ending there, és in the.caloulation.

This, howevér, does not mean. that at the end of the curve,
or in other words, when tﬁe éileron:setting 1s zero agailm, the

airplane has regained its level position. For that reason the
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_actual curve nay last longer than the elapsed time between two
zero positions recorded in the diagram. Of course, it is impos-
sible to stop exactly from one level position to the next, be-
cause it is a comparatively difficult feat to define, after a
curve, just when the airplane is level again. In this case we
judged the level position by the horizon, which not only is'
relatively easy but also yielded very satisfactory results.

A curve was measured as’ follows: Prior to entering a curve
the pilot gives the signal for starting the deflection iﬁdicator,
thus ensuring the-agtual zero setting, that is, the position of
the ailerons at which the airplane is level. It is of priméry
importance that the pilot execute the aileron deflections as
quickly as possible because the calculation does not make any
allowances for time consumed in making the deflection.

The device had to be kept running after the curve was com—
pleted to ensure the actual zero position. Then the circuit was
interrupted and the-pilot executed several abrupt aileron deflec-
tions, which in the diagrams appear as simple lines, by means
of which it is possible to quickly distinguish the individual
curves. In this manner as many as eight curves could be embod-
ied in one diagramn.

The charts show that the zero line drawn on the ground
does not correspond to that of the test flight, which proves
that there is a continuous aileron deflection in level, straight-

away flight. The device was mounted on the starboard strut, so
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starboard; the airplane inclines to port.
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that a deflection upward denotes the initiation of a roll to

The mean aileron de-

flection required to neutralize this inclination amounted to

approximately 1.5°.

The diagrams of Figures 12 to 15 are interpreted in Tables

XV and XVI.
Aileron , Tine Time Time
setting| Average!accordingmeasured|calculated
No. Curve 0 in © to s s
diagram
8
TABLE XV !
_ Diagram i2. v =.120.7 km/h = 33.5 n/s
1 | starboard | in 4.7 6.9 11 12.8 12.7
out 3.0
2 port in 3.6 6.4 11.4 12.9 13.2
out 9,23 '
3 | starboard| in 4.7 6.6 10.8 12.1 12.9
’ out 8.4
4 port in 3.4 6.5 11.4 13.23 13.0
. out 9.6
Diagram 13. v = 130-137 km/h = 34.4 m/s
5 | starboard| in | 3.8 6.6 9.3 9.7 12.8
out 9.3 '
6 | starboard| in 4,7 6.9 11.4 11.5 13.4
out 9.0 .
7 port in 6 8.8 11.4 9.8 10.8
out 11.6 A
8 port in 3.5 5.8 11.7 12.1 13,9
out 8.0 ‘
: Diagram 14. v = 143 km/h = 39.7 m/s
9 | starboard| in - 8.4 9.5 8.5 9 9.5
out 10.6
10 | starboard| in 5.5 6.1 11 12.2 12.7
out 8.7 . :
11 port in 7.8 9.7 10.2 10.4 9.3
out 11.5 '
12 port in 4.5 6.5 11.7 10.5 12.23
out 8.4 '
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| Aileron Time Tinme Tine
setting |Average|according|measured|calculated
No. Curve! in © in © to
, diagram s S
! 5
| TABLE XVI .
‘ Diagram 14. v = 137-129.5 km/h = 35.8 m/s
13 | starboard; in 8. 9.5 9.4 9.9 10.2
' out| 11
14 | starboard| in 5.4 6.5 11.3 11.1 12.7
' _ out 7.6 '
15 port in 7.3 9 8.9 9.2 10.5
out|{ 10.7 C
16 port in 3.8 6.9 11.4 11.9 12.3
10
Diagram 15. v = 143 km/h = 39.7 m/s
17 | starboard| in 11.1 11.3 8.3 8.5 8.4
out{ 1l.4 ' -
18 port i 7.6 10 8.8 9 9.1
out 12.3
| TABLE XVII

Curire 1 | 3 3 4 5 B8 7 8
Time measured s| 12.8 1 12.9 {13.1 | 13.2} 9.7} 11.5 | 11. 13.1
Time computed s 12,7 | 13.3 | 13.9 | 13 12.8 | 12.4 | 10. 13.9
Difference % 0.8 ! 2.3 6.3 1.5/24.3| 7.3 | 5.8 |13

TABLE XVII (cont.)

Curve 9] 10 11| 121 13 14| 15| 16 | 17| 18
Time measured s| 9.0{13.83|10.4;11.7 9.9;11.3 9.2:11.9!8,5|9
Time computed s| 9.5(12.7| 9.3!13.2;10.23}13.7;10.5/13,3{8.4(9.1
Difference % 5.3! 3.9[11.8] 4.1} 3 11 12.47 3.3(1.2|1.1

Table XVII incorpordtes the differences between the figures

arrived at by calculation and in actual flight tests in per cent.

Apart from curve 5, with a discrepancy of 24.2%, the agreement

averages very satisfactorily.
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The theoretical figures are slightly higher than those of

the test flight, which 1s due to-the fact that the calculation
'makes no allowance for the resultant of the lifting forces which
in inclined and in:curve flight is no longer in the axis of sym-
metry but slightly outside of it. This aids the work of the
ailerons; the airplané rolls more rapidly. The average discrep-
ancy is 6.8% for all 18 curves, according to Figure 18.

A subsequent check by the method suggested by Kann and
Salkowski yielded less satisfactory results. The discrepancy
here amounted to nearly 8%, but it should be remembered that
steady circling flight, particulérly at higher altitudés, is not

very easy.
-

Translation by J. Vanier,
National Advisory Counmittee
for Aeronautics.
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