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ABSTRACT: In order to obtain insight into the flow conditions on tail
gurfaces of alrplanes during spins, pressure-distribution
measurements were performsd on a roteting model of the
deslgn BFW - M 31. For the time be s the tests were made
for only one angle of attack (@ = 60°) and various angles of
Yaw and rudder angles. The results of these meeasurements are
glven; the construction of the model, and the test arrengement
used are described. Measurements to be performed later and
alterations plemmed in the test arrangement =are pointed out.

OUTLINE: I. INTRODUCTION

IT. PRINCIPLES THE TESTS ARE BASED ON

ITT. DESCRIPTION OF THE TEST ARRANGEMENT
l. Construction of the Model
2. Driving Unit
3. Pregsure Transfer

IV. REPRESENTATTION OF THE TEST RESULTS
1. Evaluation, Corrections
2. Plotting of the Measured Pressures, Definitions

V. DISCUSSION OF THE RESULTS

VI. INDICATION OF FURTHER MEASUREMENTS TO EZ FERFORMED WITH A
TEST ARRANGEMENT ALREADY BEING DEVELOPED

VIT. SUMMARY

*"Dzuckverteilungsmessungen am Leitwerk eines rotierenden Modelles des

Flugzeugmusters BFW - M 31." Zentrale fiir wissenschaftliches Berichiswesen
Ubsr Luftfahrtforschung s Forschungsbericht Nr. 704, GSttingen, September 30,
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I. INTRODUCTION

Knowledge of the flow phenomena at the tail surfaces for stalled flight
condition, particularly for an edded rotary mobtlion, is of fundemental
importence for the study of the problem of spin. Above all, the shielding
effect of fuselage and horizontal tall surfaces on the vertical taill
surfaces is of interest. Force measurements yleld only integral values
end. show 1little concerning the nmature of the flow phenomena. For a
better understanding of the flow conditions at the tall surfaces one must
depend on the experimentel determination of the pressure dlstributlon.

The following report brings the results of such a meagurement. It 1s,
go far, only & matter of preliminary tests which are to serve as a basis
Tor later tests and, on the basls of gained experience, to indicate how
Puture measurements of & simllar kind should be pexrformed.

IT. PRINCIPLES THE TESTS ARE BASED OR

Yor these measurements an airplane design was selected which showed
inclination for flat spins and on which at the same time flying tests
were performed elsewhere. The design In question 18 the BFW - M 31.

The first tests were performed with stendard tail surfaces. However,
later investigetions of various types of tall surfaces on the seame model
are intended.

ITIT. DESCRIPTION OF THE TEST ARRANGEMENT

1. Construction of the Model

The model of the alrplene design Investligated was bullt in an all-
metal construction on the scale 1:10 according to data of the fimm
Bayerische Flugzeugwerke A.-G. Augsburg. Two reasons were decisive for
metal construction:

a. great mechanical strain by mass forces

b« desire for freedom from deformation since the measurements will
extend over a long perliod of time

Filgure 1 represents a survey disgram of the model showing the main
dimensions. The two wing halves were roughed by haemmering two pleces
of 3 ym thick aluminum foil, and welded &t the nose and traliling edge.
The final forming was done by hand according to templet. The fuselage
was manufacted of silicon-aluminum alloy casting and was &also hand-finished.
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In order to confine the flow disturbance, for all conditions investi-
gated, to the narrowest pessible limites one aimed at placing the parts of
the attachment of the model on the drive shaft and those serving for
ad justment of the angles of atbtack and of yaw into the fuselage of the
model. Figure 2 shows & sectional drawing of the model, showing the
construction details. The connection with the drive shaft was made as
follows: &a fork end of high-grade steel 1s bolted to & bass plate which
transfers the forces directly onto the model. Tne fork has a boring and
a slot for a wedged pin connecting the fork with the shaft-connection plece
and sn adapter. This commection simmlteneously offers the possibility of
ad justing the angle of attack. The shaft comnnection plece has an internal
gearing into which the adapter interlocks with a corresponding counter
geering. Every shifting by one tooth corresponds to an engle variatlon '
of 10°. For the possibility of adjustment of intermediery values the
adapter was furnished with a second slot for the connecting wedge which
is displaced by 85° relative to the first. By sulteble installation of
the adapter and insertion of the wedge lnto the second slot the values 35°,
459 s, etc. may then be ad justed so that the mod.el can be connected to the .
drive shaft from 30° to 90° in intervals of 5°. For an arrangement with
the drive shaft passing through the center of gravity, smaller values than
30° ceannot be attained with a straight shaft since the vertical tall surfaces
would interfere with the drive sheft. The use of a cam shaft made a lighter
model construction necessary which was glven up for the time belng, due to
the reasons glven in IIT, 1 a and b.

The angle of yaw is arbitrarlly adjusteble within the limits
-10° to + 10°. The adjusting device 1s, briefly, as follows: The base
plate of the fork end carries two oblique slots (see fig. 2). Two pins

interlock in these slots the rectenguler base of which is fitted into a
groove of the base plate. The bage is bored through and furnished with
right-hand snd left-~hand thread, respectively. By means of a spindle
which also shows right-hand and left-hand thread and is placed at the
base plate the pins may be moved in the slots toward the outside or
inelde. Thereby the fork itself is rotated gbout 1ts vertical axis and
the angle of yaw 1s altered. The torgue to be absorbed is transferred
by the pins to the fork in every position without chenges. The shaft -
Joint coupling 1s fixed to the drive shaft by & coupling nut; the torgue
1s at thils polnt transferred by a wedge.

Figure 3 shows & photograph of the mpdel with the upper fuselage
shell taken off. TIn order to show the attachment of the wings to the
fuselage, the cover plate has been removed from the upper side of the
left wing. The partial sectlon represented in figure L4 shows above a.ll
the fork end and the spindle for adJustment of the sngle of yaw.

The fuselage end with the tall-surface areas wes bullt in an inter-
changegble construction. The framework of the tail fins was attached to
this hollow tail pilece (see fig. 5). The frame work of such a fin consists
of & brass freme rigidly commected with rlbs of the same materisl and with



4 NACA TM 1220

bress tubules of 2 mm thickness. The measuring bore holes lle, in each
case, in a rib and enter into the tubules which trensmit the pressures.
The interspaces of the tail-surface framework were filled up with a
synthetic merble mass snd after hardening finished as a whole with the
ribs.

The control surfaces wers menufactured in the seame manner and plvoted
to the fins with & continuous bolbt. After removal of the adepters visible
in the photograph the bolt may be inserted at the control-surface ends.
By tightening the bolt, the control surfaces may be locked in any desired
position (control—surface deflections are possible up to #25°). The
pressure lines were developed flexible by attachment of a valve-tubing
connectlon at the center of rotation of the control-surface axis; they
were led through the hollow end of the fuselage to a control panel in the
interior of the divided fuselage. Hence the connection with the lines in
the interior of the drive shaft which protruded from & slot at the shaft
end was made, alsc by valve tubing.

Since only a limited number of lines could be placed in the interior
of the hollow fuselage end, only one side of the vertical tall surfaces
was provided with measuring bore holes. The bore holes on the horizontal
tall surfaces were made on one half on the upper side, on the other on the
lower slde. The pressures on the sldes wlthout bore holes were determined
by reversing the dlrection of rotatlon as well as angle of yaw and rudder
angle of the model (in case the latter were different from 0°) and performing
the measurement agein on the slde flrst measured.

The .photograph, figure 6 shows the complete model with the shaft
conmection piece.

2. Driving Unit

The model wes driven by means of & test device developed previously
for pressure distribution measurements on rotating wings. It conelsts _
easentially of two parts: a rigid bearing pedestal and a drive shaft '
held by wire braces and resting in two bell bearings fastened in a tube.

An elastic coupling connects the two parts.

In the rear part of the rigld bearing pedestal are Fuhrmann gaskets
(see following paragraph); with thelr ald the pressures were tranemitted
from the rotating system. In the front part of this bearing pedestal there
are placed, ebove and below, the sprocket wheels serving for transfer of
the torque of the motor onto the drive shaft. The driving unlt with a
rpm~counter 1s in the test section below the free Jet.

An ad Justable counterwelght 1s fastened to the drive shaft between
the rear bearings and the elastic coupling which serves for the static
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compensation of the welghts of the rotating system. Moreover, a worm with
worm wheel is situasted there which serves as revolution indicator.

Flgure "(l shows the installetion of the model in the test section of
the wind tunnel X IV (1500 mm nozzle dlameter) of the Aerodynemischen
Versuchsanstalt. Tne photograph shows the bearing block with the gaskets
snd the drive shaft braced in front of it. In the lower part of the figure
one sses the chaln leading to the driving unit. The tublng commected wilth
the manometer also 1s clearly visible.

3+« Pressure Transfer

In order to transfer the pressures from the rotating system to the
stationary manometer, gaskets of the Fuhrmann type were used (see Fuhrmann:
"Untersuchungen an einem Propellermodell" |Investigations on & Propeller
Model]. ZFM 1913, Nr. 4, p. 89, and also Flachsbart: "Luftschrauben”
[Propellers]. Handb. &. Exp. Phys., Bd. 4, 3. Teil, p. 385). These gaskets,
in a slightly altered form, stood up well in the tests, except that their
total length did not permlit the use of en arblitrary number 1n serles.

Since for the present case only 9 gaskets were at disposal and any
greater number is difficult to install, application of a multlple manometer
was omitted and the pressures were conveyed individuelly each to & Prandtl
menometer. The somewhat greater time expenditure iIn this case was
compensated by the simplified evaluation. Every group of 9 pressures
which could be measured simultaneously pertalned to a tall-surface section.
The borsheles of the other sections - which opened into the same ducts -
were sealed with a plastic mass (Stauffer grease and beeswax). It should
be mentioned that the sources of error increase with the muber of gaskets
so that it seems adviseble to reduce the measuring time by enother method
(see section VI).

A detalled description of the driving unit and the gaskets will be
published :'ml.| a later report by M. Kohler: 'Druckvertellungen an rotierenden
Tragfliigeln (Pressure distributions on rotating wings.)

IV. REPRESENTATION OF THE TEST RESULTS

1. Evaluation, Corrections

The pressures measured on the rotating model required a correction
gince the air mass In the interlor of the ducting is subjected to centrifugal
forces. Due to the effect of the centrifugal forces the reading of the

lThis figure was totally indistinguishable in the only available
copy of the original German document; therefore, it was not reproduced
in the tramslated version.
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positive pressures was too low, that of the negative pressures too high,
by the smount of the dynemic pressure of the local peripheral gpeed:

_p,2. .2
2Pf'§‘° ™

o signifylng the angular velocity about the axls of rotatlon and 1xy the
vertical distance of the respective test point from this axis of rotation.

In order to avoid the lengbthy determination by calculation of Ty for

the various control-surface positions and yawing eangles, a simple auxiliary
device was menufactured which permits a direct measurement of the dlstances
with an sccurecy of about 0.5 mm. The device may be fastened directly to
the shaft-connectlon plece of the model which 1s adjusted in accordance
with the respective sngle of attack snd of yaw (see fig. 8)3.

For the representation, the actual pressures prevailing on the rotating
model were - like those of the model at rest - mede dimensionless by division
by the dynamic pressure of the undisturbed flow. Since due to the rotation
at the location of the measurement the relative free-stream veloclty may,
occasionelly, be larger than the undisturbed free-stresm veloclty, 1t 1s
understandeble that the pressure-distributlon curves for rotation may
show partly higher poslitive pressures than p/q = 1.

2. Plotting of the Results, Definitions

Figure 9 shows the position of the measuring boreholes on the tail
surfaces. In order to obtaln clear dlagrams, the pressure-distribution
curves for horlzontal and vertlcal tall surfaces were plotted separately
(figs. 11 to 30). Positive pressures are plotted upward (right), negative
pressures downward (left). Belonging to upper or lower side of the
horizontel tall surfaces or, respectively, starboard or port side of the
vertical tall surfaces ls charscterized by open or filled clrcles.
Definition of the angles and the direction of rotation is also marked
on the diagrem to permit a better visuelization.

In all tests the rotation took place clockwise, viewed from the pilot.
The definition of the angles follows from figure 10. u signifies the
peripheral speed of the wing tips (wb/2; b = spen), so that

u- b o
v 2v »

2The centrifugel force still prevailing in the interior of the Fuhrmenn
gasket - since the distance of the test boring from the axis of rotation was
very small compared to Iy - was neglected.

3’I‘his figure wag totally indlstinguishable in the only available copy
of the orilginal Germen document; therefore, 1t was not reproduced in the
transleted version.
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V. DISCUSSION OF THE RESULTS

In figures 11 to 30 the resulis of the following measurements are
plotted:

a for all measurements = £0°
o for all measurements, clockwise, viewed from the pilot

All control surfaces on zero

Bg = +25° v~ 33m/s; u =0
T =0
Bg = -20° u/v e~ 043
T = -10° : v~ 23m/s; u=0
All conbrol surfecee on zero
T = +10° u/v ~ 0.6

As the most interesting result of the measurement one has to regard
the fact theat for all arrangements lnvestigated in rotation the pressures
on, the vertical taill surfaces have the effect of originating a force in the
direction of the rotetion. For the investigated angle of attack of 60° the
vertical tall surfaces have, therefore, due to the lnterference, not a
damping, but on the contrary, an excitation effect. The reason cen be seen
from the measuring results. The vertical tall surfaces lie completely 1in
the reglon of the separated flow of the horizontal-taell-surface suctlon
side. Due to the addltionel component of the free-stream velocity caused
by the rotation the direction of the oncoming flow 1s not in the symnetry
plene of the horlzontal tall surfaces. The negatlve pressures on the suctlon
side and the positive pressures on the pressure side always lle higher on
the leading than on the trailing wing. See for instance figures 11 and 13.
Figure 11 shows the pressure distribution for T = 0, all control surfaces in
zero position w = 0, and figure 13 the pressure d."l.s‘bri'bution for the same
position with rotation (u/v ~ 0.3). Without rotation the negative pressures
lie on the average at 0.7 of the dynemic pressure, with rotatlon for the
leading wing at sbout 0.85, for the trailing wing on the average at 0.55
of the dynamic pressure of the undisturbed flow. The vertlcal tall surfaces
1ie in thie field of pressure. As one cen see from figure 14, the negative
pressures on the port side of the vertlcal tail surfaces are about 0.9 g,
on the starboard side sbout 0.6 q, corresponding to the respective negative
pregsures of the horlzontal-tall-surface sectlion next to the fusslage. o
(In strength analyses, too, the different impingement of the flow on the
horizontal taill surfaces should be taken into consideration).
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Thus the flow at the horizontal tall surfaces is decisive for the
pressure fleld surrounding the vertical tall surfaces In case the vertlcal
taill surfaces are shielded by the horizontel tall surfaces. Rudder deflec-
tions, as shown in Pigure 18, are almost without effect. The curves of
the pressure distribution for this case do not differ essentially from
those represented in figure 1L (without rudder deflection}. Only on the
lowest part of the rudder, where it lies underneath the elevator, the
larger negative pressures exist on the starboard side, and the port
slde still shows positive pressures towerd the fuselage so that this part
of the surface has a demping effect. Hence one can see the favorable
effect of an upward shift of the horizontal tail surfaces. A larger
part of the vertical tall surfaces 1s by this measure protected from
interference and serves then for production of damping moments.

According to what has been sald so far the forces on the horizontal
taill surfaces also yield a rolling moment acting in the senss of rotation,
thus having en excitation effect.

A downward elevator deflection produces, as 1s to be expected, a
8lightly more uniform positive-pressure area on the pressure side of the
horlzontel tall surfaces; the conditlons on the suction slde and the
vertical tall surfeces, however, are hardly affected by it.

The flow at the tall surfaces is only slightly esltered by positive
or negative yawlng angles. The Interference effect of the fuselage on
the reglon of the horizontal tall surfaces near the fuselage is significant
for a positive yawing angle only. TFigure 29 shows how on the section
of the horizontal tail surfaces near the fuselage (starboard side)
negative pressures still appear even on the front half of the pressure
side, in contrast to Pigure 25 (negative yewing engle) where the pressures
show positive amounts of O.4 q to the end of the elevator. (A subssquent
control measurement confirmed the pressure distribution of the section
near the fuselege represented in figs. 25 and 29.)

For the vertical tail surfaces, the influence of the rotatlion
predominates over that of the yawlng angle. For negative yawing angle
(without rotation) the negetive pressures on the left side and for positive
yawing angle the negative pressures on the right slide become larger than
on the respectlve opposite side - again corresponding to the pressure
distribution over the horizontal tail surfaces. Only for the uppermost
sectlon of the vertical tall surfaces are the conditlons always reversed.
Probably here already a rellef of the negatlve pressure takes place.

The measurements wilth yawing angles could be performed only for
higher values of u/v, since for T.= $10° the autorotational velocity
of the model already assumed too great values and the existing suspsnsion
device did not permit braking. Clockwise autorotation occurred for a
positive yawing angle. It 1s started by the wing alone since, as the
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tests show at the beglmning of the motion, the resultant air forces on the
tail surfaces (horizontal as well as vertical taill surfaces) take effect
against the starting rotation. Once the rotation is established the sign
of the air forces affecting the tail surfaces is reversed and they yileld
now & contribution promoting the rotation.

Finally, the plotting of the pressures against the tail-surface areas
was dealt with as if rudder and fin would form an uninterrupted area.
Actually the rudder slot on the model was vanishingly small so that no
noteworthy pressure balance could take place. One can see that from the
fact that sll pressure distributions over the varlous sections of the
horizontal tail surfaces show only a slight recess in the curve between
the last test point on the fin and the first test point on the elevator.

VI. INDICATION OF FURTHER MEASUREMENTS TO BE PERFORMED WITH

A TEST ARRANGEMENT ATREADY BEING IEVELOFED

The new tests wlth the model of the M 31 are to be continued for
various smaller angles of attack, also for the further case of the axis
of rotation not passing through the center of gravity. Furthermore, it
is Intended to investigate other forms of tail surfaces and other poaitions
of the horizontal tail surfaces and to perform measurements on the vertical
tail surfaces with the horizontal tall surfaces taken off, in order to
obtaln more datae for the study of flow phenomena at the taill surfaces in
spin. '

A new test arrangement will be required since the apparatus used
for the investigations described here which actually was destined only for
meagurements with lighter models proved too weak for the case. Bealdes
this new test arrangement a new type of pressure-transfer device shall be
used in order to avoid the difficulties impeding the simultaneous transfer
of a muititude of pressures. W1lth that apparatus 1t will be possible
to conduct 26 pressure lines coming from the model one after another to
only one gasket wlthout interruption of the steady rotary motion. This
device 1s described in a separate report by W. Mautz under the title,
"Eine neuartige Druckumscheltvorrichtung fur Druckmessungen an rotierenden
Systemen" (A new type of pressure switch for pressure measurements on
rotating systems).

VII. SUMMARY
The results of the first pressure-distribution meesurements on the

tall surfaces of a rotating model of the BFW - M 31 were reported. The
measurements which were mede without rotation for an angle of attack of
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60° showed as the most important result that for this angle of attack the
vertical tall surfaces are completely shielded. In the case of rotation
due to the pressure conditions at the horizontal taill surfaces an excitation
moment 1s produced, Independent of the rudder angle and the angle of yaw.
The influences of rudder and yewing angles were discussed and the rsesults

of all pressure dlstribution measurements represented on graphs.

The test arrangement used was described and & new one which is being
developed pointed out. The intended enlarged test program was briefly
reported. -

Trenelated by Mery L. Mshler
National Advisory Committee
for Aerocnautics
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Figure 4.
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Figure .- Interchangeable fuselage end with the framework of the tail-
surface areas.

Figure 6.- View of the model with the shaft-connecting piece.
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Axis of rotation

Skidding outward
(See FB 235, Richter-Rothe, p. 15.)

Figure 10.- Sketch indicating definitions.
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