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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,.

TECHNICAL NOTE NO.11C.

THE EFFECT ON RUDDZR CONTROL OF SLIP STREAM
BODY, AND GROUND INTERFERENCE.

By H: 1. BHoot and D, L. Baoon.

This investigation was undertaken to determine the relative
effects of those factors which may interfere with the rudder con-
trol of an airplane, with especial reference to the process af
landing. It shows that ground interference is negligible, but that
the effects of a large rounded body and of the slip stream may
combine to interfere seriously with rudder control at low flying

speeds and when taxiing.

Pilots have reported that certain airplanes, particularly
those intended for commercial use and having therefore an encloc:d
cabin of relatively iarge dimensions, do not reepond readily to
tne rudder when gliding in close proximity to the ground prepare’;o-
ry to landing, and furthermore, were extremely difficult to control
while taxiing.

A wind tunnel investigation was therefore undertaken in which
the turning moments about the center of gravity of a model biplane
produced by rudder angles from -15 to +15 degrees were measured
under conditions simulating those encountered in the maneuver of

landing an airplane, viz., slow speed flight and gliding at sever-
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al distances above the ground, in the attitude of a threefpoint
landing, and taxiing,

Three models were used, the first being a 1/15 scale JN4h,
No.2 was modified by increasing the depth of the body, maintaining
tne original width and flat sides, while No.3 was increased in
both deﬁth and breadth to a full elliptical section, The relative
cross-sectional areas are in the proportion 1 : 1.4 : 2.8. Out-
lines of these airplanes are given in Fig, 1.

All tests except those for taxiing were made in an air veloci-
ty of 20 m/sec (45 m.p.h.) and the propeller speed, except for the
_glide case, was 16,500 r.p.m. or equivalent to 1100 r.p.m. on an
actunal airplane, The propeller was an accurate model of that us-
ually used on the JN4h and was driven by a shaft running upstream
from the model. The ground was represented by a smooth, varnished
wooden surface supported parallel to the air stream and at appro-
priate distances below the model, measured from the leading edge
of the lower wing. The general arrangement of the medel, propeller
and ground plane may be seen in Fig. 2, The propeller drive shafg
extends about 50 chord lengths upstream and there enters a motor-
driven gear box.

Numerous tests were required to cover fully the field of the
investigation, but of these many showed only the absence of inter-
ference, rather than its presence. For this reason only a small
portion of the experimental data is reproduced, The entire list of
tests is tabulated below in Table 1 and the data obtained are plot-
ted in Figs, 3 to 6. Tables II and III give the results in a con-

densed form,



LIST OF TESTS - INTERFEZRENCE OF RUDDER CONTEOL.

Mcdel No. 1 2 5
Heig?guigove t%i%%i;if . Condibtions of Tcsts.
; T | 7 | 1 |
( chord lengths 0 glide|yaw '
7 " " 15° " "
2 L o " n Iflight itaxi |
2 " " 15O u 1 : n 1 giide Tlight |vaxi|glide flight | taxi
i1 f 1" Qo " n n n
1 " " 15° " " i "
3 pt, landing =D 1/20 " " " " glidelyaw!flight* [taxi|glide flizht | taxi

egts are thos= made withcut propellier slip stream or yaw,

tests are withoul siip stream. : "

e v s . i s +. V ~Yy T ]'l i +ﬁ1
Fiighc tests axe thcose in wnich the propeller is +urned at a i appropriate for horizonta
fxioht.

Taxi conditions are represented by the use of slip stream correspending to 1100 r.p.m. of the
engine, but without air gpeed.
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CONCLUSIONS,

Angle of Attack.

4% a preliminary test, yawirg moments N, were measured on

Ere

medel No,l without ground or slip stream interferences, for differ-
ent rudder angles, angles of yaw, and angles of attack. Except at
extreme yaw ths moment was unaffected by a change in angle of at-

tack from O to 15 degrees.

Ground Interference.

In the attitude of a three-point landing, with wheels and tail
8kid just clearing the ground the maximum conirol moment was 10%
less than that without ground interference. The grownd effect on
rudder control is bharelv noticeable when the leading edge of the

lower plane is two-chord lengths above the ground,

S81ip Stzoam and Fedy Inierfoerenne.

The slip streaw affecis rudder contrzol in two distinct ways.
First, it acts unsyrnewrically cn %he radder and fin, thus causing
an initial turning woment when the rudder is in the zero position.
Second, it increasss th: momen® becance of the additional air ve-
locity rast the control surfaces. The former is of course an un-
pleasant characteristic, the latter on the ccntrary, is highly
desirable,

The extant to which 4tbe slip stream affects the empennage is
governed by the sizc and ehape cf the fuselage and the relative po-
ciwions of the winvs. thenst line, and tail surfaces, Our models

varied only in size and shape of body.
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The turning moment caused by the slip stream, and the rudder
angle required to neutralize it, may be read directly from the in-
tersections of the moment curves with the axes of Fig. 6. The rud-
der angles required for a straight course, and the slopes of the

moment curves are also given in Table II,

TABLE 1I,

Angle of Rudder for| g PR o ok
Straight Course, lope of Momen

Model No., il 2 3 1 2 3
Gliding at 45 m.p.h. 0 0 0 155 140 140
Flying at 45 m.p,h. 1.6 )6 2.6 3556 350 335
Taxiing at 1100 r.p.m. | 5 6 12 30 55 55

In a straight glide the rudder angle on a symmetrically truss-
ed airplane is of course zero. For model No.l the rudder control
in a slow glide is less than one-half, and in taxiing only one-
quarter as sensitive as in slow horizontal flight. The maximum
control when under power is with a right-hand propeller somewhat
less in right-hand than for left-hand turnms.

It is noteworthy that a 289 right rudder is required to main-
tain a straight course when taxiing the No.3 airplane, leaving Very
little reserve rudder angle for making a voluntary turn toward the
right, or for counteracting extraneous disturbances. The narrow,

flat-sided body of nmodel No.2 does not give rise to such objection~-
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able control features as does the more rounded bhody.

Recommendations.

The tests show that it is necessary to consider carefully the
rudder and fin design on large-bodied airplanes in order to avold
the probability of poor rudder control,

It is essential that the slip strecam should have a sufficieuns
velocity in the neighborhood of the tail surfaces and if, due to
the form of the body, this is not readily attainable, the rudder
should be increased in size or preferably replaced by two small
rudders placed on either side of the center line of the body in
order to avoid its shielding effect. The unsymmetrical action of
the slip stream may to some extent be compensated for by slightly
offsetting the vertical fin, or by placing a sufricient proportion

of fin area below the thrust line of the propeller.
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TABLE III.
Lodel No. 1 2 3
Lefition of Test | Flight | Glide Taxi Flight | Glide Taxi Flight | Glide Taxi
Rater at -15° -5050 -2400 | -1850 | -5750 -~2020 | 21230 -5900 -1960 -2700
- 0° - 550 0 - 420 |- 40O 0 - 350 - 400 0 - 650
. T § 4750 2350 900 | Ui50 2130 4oo| 3800 2000 $ 160

Effet of slip stream aznd body interference on turning moments,

Ang# of attack 12 1/20_ air speed 20 m/sec (except for taxi), propeller speed 16,500 (except for

g2de), area of rudder, 48.5 cm*, distance from C.G, to rudder post - 36.5 cm.

Tax®condi tions are represented by the use of slip stream corresponding to 1100 r.p.w. of the
Biine, but without zir speed.
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Fig., 1 - Outline of lodels.
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Fig.6- Comparison of rudder control
for different bodies and slip-stream
conditions. 12.5°¢ angle of attack.



