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THE GERMAN INVESTIGATION OF THE ACCIDENT
AT MEOPHAM (ENGLAXD)*

By Hermann Blenk, Heinrich Hertel and Karl Thalau
I. THE ACCIDENT

The commercial airplane G-AAZK (type Junkers F 13 ge)
fell to the ground at Meopham, England, on July 21, 1930.
The four passengers and the two pilots were killed. ZEye
witnesses to the accident could only report that the air-
plane was seen entering a cloud, followed almost immedi-
ately by a loud noise and the falling of the fragments to
the ground.,

The official English accident report (reference 1),,
published in January, 1931, gives a detailed description
of the airplane and its prev1ous history, along with the
pilot'!s history, as well as the evidence of witnesses on
the ground.

The airplane was built at the Junkers Works, Dessau,
early in 1930, and equipped with a Junkers L 5 engine,
The German certificate of airworthiness was dated May 28,
1930, It was, therefore, a new airplane and its total
time in the air up to and including the day of the acci-
‘dent, amounted to 1014 hours. The airplane was owned by
the Walcot Air Lines, Ltd,

At the time of the accident the plane was piloted by
a young pileot, C. D, Shearing, who in 1928 had met with a
serious airplane accident in the United States, and was
not granted a Class B license in England until February,
1930, In this particular airplane 'he had flown six times
as second pilot, twice as first pilot, and twice as the '
sole pilot in charge, giving a total of fifteen hours in
the air with this airplane,

*1Die deutsche Untersuchung des Unfalls bei Meopham (Eng-
land)., Zeitschrift fur Flugtechnik und Motorluftschif-
fahrt, Feb, 15, 1932, pp. 73-86. .
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Colonel G, L. P, Hen@&rsomn,who occupied the second
pilot!s seat during the accident s Was a pilot of very. con-
siderable skll} and war-time experlence.

v_.,.::" "" b
o EEROTO o omuorm Crr e

The weather condltlons were partlcularly bad at the
time of the crash, *MétedbsTogical experts hold that up-
currents at the time and place of the accident, as strong
as 10°m/8 {367f¥,/seci) iaré considered possidble,... One-pi-
lot who passed very near at the same time, stated that
the bunmps were the worst he had ever encountered. The
" country about Meopham 1is hilly,.:: Thg airplane flew at
about 300 m (1,000 ft.).

The Wreckage was ‘scattéred: pver. a; cens1derable disg-
tance {ap to 2 knm (14 mis )). The main p01nts of: fracture
may: be seen in Flgure 1. ; con - . :

IT. ENGLTSH TNVESTIGATION AND FIND INGS

- ‘The 1nvestlgat10n ‘oft- the. accident: by the Accident In-
vestigation Subcommittee was coniducted-in. a, very thorough
fashion,'coverlng 92 ‘printed pages W1th many photographs
and diagrams, (See reference l.) :.Besides. the pr1nc1pal
investigation on tail "buffeting," it 1nc1uded varlous
others, such as dropping tests with small models (scale
1':50)" shaped ‘t6 reseémble icertain - -fragments. : (w1ngs, tail,
etc ), 1n order to determlne the paths of such fragments.

he Engllsh report arrlves at the conclus1on that the

accident was probably dué to :tail fracture from. buffetlng
as primary cause, and that all -other- Iractures were in-
*duced by the former, This con¢lusion is based upon - ‘the .
experiences gained in England (but biplanes only) that in
. a break-up in the air thé tail either breaks first or else
"falls to ground undamaged (after. a wing fracture), and on
model tests in the wind tunnel, As.a result of this and
the aspect of - the break, it was. concluded that the hori-
zontal tail unit- oroke first:: It was-assumed that a strong
gust in mormal’ oru1s1ng flight suddenly produced a high
incidence on the wing, - In this-flight- attitude (large an-
gle of attack, cruising speed) buffeting sets in .on. the.
-tail plane.-. From.the results of model tests it is de-
~duced that: the: amplltude of: these, buffetlng V1bratlons

could-becoine: so. Large: as o break the norizon al :
group at speeds within the normal flylng range of %he alr—
plane. - :




'N.A.C.,A, Technical Memorandum Ng. 669 3

"Buffetnng" is explalned as an 1rregular, more or °
less violent-oscillation of ‘the tail unit, in which the
stabilizer bends rapidly up and down and the elevators
move in an erratic manner; it is said to be caused by the
eddies glven ‘Off by ‘the w;ngs at large angles of attack.
It is quite’ distinet from "flutter.“ Flutter, which more
frequently is known to: aDpear on the wings, is induced by
“the aerodynamlc coupllng of two or more degrees of free-
dom which, under. certain’ condltlons, affords an energy
‘removal . from the unlform air: stream and thus is apt to
1n1t1ate forced v1brat10ns.'

A qumber of other theorles of the accident. (propel-.
der fracture, materlal defect, etc,) are briefly dis-
cussed in this same report. but discarded as impossible or
very 1mprobaole._ The most important other explanation
adduced- is: That due to a too rapid. pull~up from a dive
out’ of tne cloud or tnrough a violent gust (by hlgh flylng
speed) the wing broke first.,” This is in accordance ‘with
al’ analysis made. by the inspector of’ acc1derts whlch how-
"6ver,'as stated before,'covers biplanes. only.*

”'ITI. THE' GERMAN ACCIDENT INVESLIGATIO

1. Problem and Kinds of Tests

The findings of the English investigation made it in-
cumbent to institute experiments on tail buffetlng, its
cause, 1nten31ty and gravity., Thus, the minister of trans-
portation authorized the D.V.L., to proceed with these
tests, which were made by the static test branch (X. Tha-
lau, chlef), in collaboration with the flight test section
(F, v.- Koppen, chief), and the aerodynamic section (Dr. F.
Seewald, chief),. The program included experlmental flights,
model ‘tests and tensile strength tests, Inc1denta11y, the

*Against this interpretation of the Meopham acqf&ént'it is
~contended that: When, as in most cases, part ofsa wing of
a biplane,. or both wings of a monoplane or.biplane break
at the same time, it is not accompanied by torsional mo-
tions about the longitudinal.or normal axis. 3But if, as
in this particular case, half a wing of a monoplane breaks
almost completely away, it is followed by violent rotating
motions about bVoth the longitudinal and the normal air-
plane axis, as a result of which the tail might give way.
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D.V.L, scratch elongation recorder and :the D.V. L, opto-~
graph found an ooportune occa31on to prove taeir usefu1~
ness, : . s .

Lacking an airplane of  the Junkers type F 13'ge, the
test flights were made with another type quite similar to
it: the D 570 with Junkers F 13 fe, on which slight buf-
feting vibrations had previously been observed,* and which
already had undergone alterations on the trailing edge of
-the wing. near the root and also on .the stabilizer and ele~
vators, The different modifications can be seen in Figure
3, On the D 570, the edge is slightly raised, in the
by 13.ge.-,:-'=mor;e_.,s.0.,- in order to:delay -the; separation of flow
in proximity. of . the fuselage at. high .angle of attack. The
principel d1€ferences can: be. readlly .seen.--in: Flgure Se
The tail- area,. span,. and pos1t10n of struts are about the
same, with; exceptlon of thne portion o* ‘the oqlanced ele~
,vator,zwhicn is.greater on. tne F 13 ge. As %o internal
construction of the: stablllzer, the tubular struts of the
D570, are 30 per cent thicker in; the overhang., Thae tail
of the F 13 ge- (D 570) has. tne profile of an. 1nverted wing,
which is bound up with a timely breakaway of the flow at
vositive angles of attack, whereas the profile of the
F 13 ge is symmetricaly : The:other discrepancies are of
minor 51gn1flcance. '

In the w1nd—tunnel tests w1th F 13 models, the differw
ences of tae two F 13 types (fe and ge) as well as the
ullpstream effect on buffetlng, werse 1nvestlbated

“ Observation flights Wlth another F 13 fe, with two
airplanes, W33b and FlS , and with an F1l3gec were made in
a&dition for comparison}

~Tae D 570 was further used in buffeting tests, made
'~to define the natural vibration freguency. The dynamic
‘static tests were made on:a new F 13 ge and on an old-
: er F 13 ge D.V.L. tail.

*Report of Hu.. . 'Eussner at the Internationsl Congress for
Hqchanigs; Stoc:holm, 1930, i s
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2. Statlc and Dynamlc Lests on Junkers F 13 -

Horlzontal Ta11 Unlts R

a) Elast1c1ty tests.— The test program included load
tests with deflection and elongation readings on F 13 ge
and F 13 fe (D- 570) stabilizer and elevator.  The ensu-
ing influence lines, together with the deflections and
strut stregses:measured in free flight, yield an approx-
imate account .of the imposed ta11 1oads. ‘(See section 4,
page 10.) - ' :

The airplanes were so arranged that the landing-gear
wheels were rigidly held while the tail skid was support-
ed on a universal ball bearing, thus affording free move-
ment in any direction. The 100 kg (220 1b,) loading was:
first applied asymmetrical and then symmetrical at both
ends of the left and right tip of the stabilizer spars,
The result is shown in Figure 4, where the influence lines
for deflection of the tips are plotted asgainst the indi-
vidual load traveling over the stabilizer span for both
F 13 ge and F 13 fe (D 570)., -E 1is the influence line
for the deflection on the loaded side, U that for the
deflection on the unloaded side, and 3B ' that of the sym-
metrical individual loads for the final deflections,

b) _Static breaking tests.— D.V.L. tail F 13 fe (like
D 570). TFor this test we used the rear fuselage with com-
plete horizontal tail group and dbracing system of an F 13
fe hydroplane. The loads applied as symmetrical separate
loads on the stabilizer were progressively increased to
rupture. The break occurred at the left, in the tension-
stressed lower spar tube directly outside of the strut
fitting (99 cm (39 in,) from the center section). The
same gauge compression flange was slightly dDuckled on top
because of the strain induced by the failure of the ten-
sion flange. The bending moment causiang dreakage was Mg =
356 m-kg (2575 ft.-1b.). The failure of the right side
also occurred in the tension flange at bending moment
Mg = 388 m-kg (2800 ft,-1b.). The break of the tension
flanges goes through three rivet holes each and is free
from any -indication of fatigue fracture induced by stresses
in flight, The breaking stress corresponding-to Mp = 388
kg (855 1b.,) is 35 kg/mm2 (49780 lb./sq.in.). The deflec-
tion of the left tip amounts to about 12.2 cm (4.8 in.) at
breaking stress, that of the right tip only 11.6 cm (4.6
in,) for the same load and 13,1 cm (5.2 in,) at failure.
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These tests were continued on a brand: few half of an
F 13 ge tail, It still supported a load P = 250 kg (550
1b,), but signs of yielding shdowed- -that failure was im-
minent. A further 10 kg (22 1b,) resulted in failure by
collapse of the top flange 29 cm (11 in.) ahead of the
strut-attachment, (See fig. 10%): Tne deflection at rup-
ture was 9:;1 cm on the stabilizer: tlp and 12.4 (4,88 in’, )
on the elevator tip. The breaking’ stress amounted- to 357
kg/mm2 (49780 1b./sq.in.)., For comparison with subsequent-
ly described dynamic breaking tests the bending moment at
failure is to be equated with the dynamic section at rup-
ture. (See fig. 10,) For this section iy = 310 m-kg
(BZwO ft.—lb ). : -

- The most unfavorable sectlon of the stabilizer spar
lies outside of the point of application of the struts.-
The static ‘bending moment at failure was experimentally
defined ‘at 310 m-kg (2240 ft,-1b,) (112 cm (44 in,) frou
center of tail) for F 13 ge and 388-m-kg (2800 ft,~1b,)
(100 cm. (3944 in,) from center of tail) for ® 13 fe., The
dlgference in the figures is due to the spars of the F 13
fe D.V.L, tail being of slightly heavier gauge than the
other (1 mm (,04 in,) instead .of 0,8 ma (,03 in,) wall
thickness), because the" attained bresking stresses of both
tails are. 1dentlca1 Wltn 35 kg/mm2 (49780 1b./sq.in.).

c) Dvnamlc breahlng,tests of 713 ge_ﬁall.e';nese
tests were carried out in order to determine how the tail
would react when vibrations conformably to the natural
frequency of the tail were excited and permitted to build
upe - The test specimen was a brand new comnlete horizoatal
tail unit. of the F 13 ge type, mounted on an iron frame
which resembled the rear end of the fuselagse, (Ses figs.
5 and 6+) The lead plates fastened on the substitute
framework, together with the iron frame, corresponded to
the airplane mass reduced to the center of the tail., The
unbalance was installed below the iron frame. (See fig, 6,

"The total set-up was suspended by soft shock-absorber
cord from the hangar crane.  The rudder lever was joined
to a flat spring screwed to the mock-up fuselage. The
flexibility of the spring was the same as the experimen-
tally defined elastlc yleld of the complete control.

(See fig. 6. ) . N

_ W1tq1n 7. to 17 Hertz (s“l) thé.éfaollléér-manifested
a pure vibratlon ia bending, whereas the same bendiag vi-
bration in the elevator was superposed by a .torsional vi-
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bration of identical .frequency about the elevator ‘axis,
The resonance curves in Figure 7 indicate a distinct
maximum at -n = 11.8 s~!, The torsional v1brat10n of the
elevator shows 9 second max1mum at n = 7,9 s”

In the dynamlc breaking tests it was attempted to
speed up the amplitudes to failure as quickly as possible.
This was accomplished at about 300 vidbrations, or about
25 seconds, Upon reaching the double amplitude, measured
at the tip of the stabilizer at apsx = 12,5 cm (4,92 in.)
and n = 11,8 s~*, the break occurred 22 cm (8.7 in,)
away from the strut fitting (112 cm (44 in,) from center
of tail) on the bottom flange of the right spar. The break
at this point goes through the first rivets of the tube
.joint, At failure the amplitude died out and the frequen-
cy fell off., The breaking process can be followed in Fig-
ure 8 on the strut stresses by the sudden drop in stress..
The discontinuance of the excitation is characterized by
the jump after another 60 vibrations, The whole process
‘was recorded by slow-motion cinematographic camera, These
records together with optograph records were the basis up-~
on which the amplitude-elastic curve at failure was com-
puted and plotted in Figure 9. The dynamic load of the
oscillating tail is found from the inertia forces of the
" tail masses.

The maximum force of inertia P (kg) of a partial
mass m (kg cm~! &) which a harmonic vibration with
double amplitude a (cm) and velocity v (s™') develops
is, in the inversion point o

P=-m % v2 (kg)

The bending moment at failure was defined by means
of the amplitude-elastic curve at failure (fig. 9) from
the mass forces at Mp = 255 m-kg (1840 ft.-1b.). The
stresses weére resolved by means of the moment of inertia,
due account being taken of all stabilizer and elevator
longerons, - In the mean breakxing stress Ogp = 30 kg/mme

(42670 1b,/sq.in.) the local stress concentratiocns at
the edges of the rivet holes were ignored., The breaking
stress after about 300 vibrations accordingly amounts
still to 85 per cent of the ultimate stress developed by
static breaking tests,

The vibration experlmeits were continued with the
broken tail, The natural frequency had dropoed to =n =



8 N A.C.A, Teciinical Memorandum No, 569

7.6 s”', Upon reaching-a:double amplitude -apsx = 18 cm
(7.09 in,) at the spar tip, the.break enlarged immediate-
ly by destruction of the rear spar, so that the vibration
became completely unsymmeétrical.: - (See fig, 9.) . After the
'break ‘the- bottom flarge~of ‘thé mdin.spar caA only trans- .
mit compress1on. The metal “skin covering:on .the bo*tom"
.side still- acts~as tension flange: -Hence:the upward ., deuﬂ
flection of the“stabilizer is-:greater. than.the ﬁownward '
There-alse is’ a marked asymmetry -in-the left-.and right.
amplltude.- tAfter the test.the: cerrugated meta1 skin showed
cracks overthe sPar break on. top and . Dootom, beglnnllg at
the r1vets.- : G P

dl Statlc breaklngetests Wlth dvnam1callz,br0£en ta11.~

The tail which had been broken in the dynan1c loadlng u]
tests-was then subjected to. static uests, even. thougn the
tail- was only held together. by the metal . skln._ Ind1v1d—:
“ual loedings (symmetrical-at right. and leIt) were §o.’ ap~f
"plied that the damaged spar.tube:.came on .the: tens1on uldo.
The stabilizer tips:still subported a- load P = 1235.kg
(276 1b,) each; a subsequent load increase. produced sud~
denly a yield at the left side. - After unloadlng a pure.
torque was unsyumetrically applled on the ctabll;zer tlps.
It still supported a torque of My = 160 m-kg (1157 ft,-

1b.). The torsions recorded at the .broken right side at
@S =.%5,3° and at the practlcally undaﬂaged left 31de at
Qg = 2.4° - are conparatively- sllghtly dlfferent Follow—

ing this the right side was completely-de troyed Dby aqply
ing a2 load in bending at the nose. The developed load on
the stabilizer tip was 150 kg (331 1b.); increased anoth-
er 25 kg (55 1b,), it induced pronounced yielding on the
broken right side and the rlgnt ooom of the sta olllzer
beat up 90°. . -

It is remarkable how the stablllger with a brokcn
spar on the tension ‘side was still-able to carry: 60 per.
cent of the static breaking load of the undamaged tail,
Another p01nt is that torsion stiffness aad .torsiomn
strength are llttle affected oy spar fdllure. . :

e) Conclu31ons.~ The conclu31ons from tneso tests
are thaty 1if failure is: brought about by hlgh dvnamlc
loads (resonance), the natural perjiod.ef the: t%ll 1s at;
once lowered to the point where resonance no 1onger oc~—
curs., As the strength:of the tail wader static load is
still 60 pér ¢cent of the original, it is concluded that
complete static breakage can only take nlace under es ne-
cially unfavorable circumstances,
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. f) Fatigue testsi.- Upon completion of' the static dbreak-
ing tests the left nalf of the F 13 ge horizontal tail
gronp was completely repaired again and tested in fatigue,
The amplitude was so chosen that in the endangered sec-
tion the bending moment computed from amplitude curve,
mass distribution and frequency, amounted to Liy = &74
m-kg (535 ft.-1b.), .or 24 per cent of the static bending
moment at failure. After approximately 700,000 vibrations
the metal. covering began to crack, indicating that break-
age was imminent, ZExamination revealed the bottom flange
broken again-on the flrst rlvets of the 301nt

%, Vibration Tests with the F 13 fe, D 570 Airplane

in- the Hangar

The dynamic properties of the tail and rear fuselage.
of the D 570 airplane, type ¥ 13 fe, equipped with D.V.L.-
stabilizer and elevator were determined by vibration tests.
The airplane was suspended horizontally from the hangar
crane by rubber cords, and a double unbalance excited the
body-tail vibrations. Bracing was resorted to in a sub-
sequent test series in order to reduce the stabilizer vi-
brationse In view of the available possibilities this
bracing reached from the tip of the tail fin over the end
rid of the stabilizer to the strut attachment point on the
fuselage, At the end ridb the bracing passed over a pulley
in ball bearings, which could be retarded or locked by a
brake. - o

The resonance curves of the right and left side of
the unbraced stabilizer by asymmetrical excitation are
shown. in Figure.lla for horizontal amplitudes, and in Fig-
ure 11b for vertical amplitudes. They reveal, within the
anbit of frequency investigated, three distinct and two
minor resonance voints, of the following type, as observed
by double mirrors: ' C

n = 7.45 s~!: torsional vibration of rear fuselage and
of horizontal tail group around longitu-
dinal axis of fuselage.

9,75 s~': torsional vibration as above and vibra-
tion of staolllzer and elevator around
normal axis.

=]
i
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n = 12,1 s"': vertical - syMﬁetrical’v1drat101 in bend-
o . ing of stablllzer and elevator." :
= 13.4‘5"‘I coupllng of oendlng in horlzontal tall
i unlt and bendlng 1n fuselage._ ';f
no= 15, 3 s'1~ vertical vibratlon in bend11g of Dody end.

_' =

: -1Flgure lla reveals the marked Aotlon about the nor—f
mal ‘axis at 'n = 9, 75 ) At Cthis- frequency the vibra= -
tions are especially severe, ‘bécause of the contemporary
second vertical vibration in resonance (3 nodes) of the
wing, at. which the wing root vibrates in torsion about
the. longitidinal ‘axis,  The coupling distances between .-
the resonances reveal fairly high amplitudes. This fact
proves that the horizontal tail "surfaces can impress ar-
bitrary excitation frequencies within a wide range. The
amplitudes of the stabilizer spar recorded at the fre-
quencies of torsional and bending vibrations are4graphed '
in -Figures 12a to-124 ‘as elastic curves. 11dey manlzest
that the contribution of the stabilizer in bending to the
total amplitude is large even by torﬂlonal v1oratlon. :

In Figure llc theé resonance curves: of tae braced tail
are given for comparison with Figure '1ib,  Thé first two
" resonances (torsional vibrations) are bachy shifted by

- the bracing, their aleltudes were lowered, sllghtly in-
the first resonance, strongly in the- second Figires 1ﬁa
and 12b show foremost the diminution of purely stao*llzer
deflections in contrast to the deflections due to vody
torsion, 1In these graphs the stabilizer d2flections are
given for identical body dlstortlons with braced and un-
braced tail, ' - :

Bracing changes the symmetrical bending vibration in
the stabilizer completely, according to Pigures llc and
12c, whereas the bending v1bratlon of ‘the bhody in Figure
124 is scarcely: a1¢ected by it. The experiments with
loose, damping bracing revealed vibration characteristics
which lie between those of the braced and the unbraced
tail, : o : : R ‘

4, Flight Tests with*D 570 Airplane, Type F 13 fe
) Problem.~ THe purpose of thesé special flight

tests was to determine the beliavior of the air flow be-
tween wing and tail, the vibrations of the horizontal tail
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unit as well as the.sﬁﬁéesee?in'the struts of the latter.

b) Preparation (see fig, 13) ~ First series.,- Rec-,
ords wita slowumotion.cinemaﬁogreph camera, mounted prac-
tically shock-oroof on felt and .sponge rubber in the pas-
senger cabin -and - dr1ven from an electric motor and flexi-
ble shaft, 'and taking agorox1nately 8e plctures per sec-
ond., The angle of focus was adjusted so &s to bring the
air space between wing trailing edge and hdrizogtal tail
unit as well as the ‘left :side tip of the stabilizer into
one- plcture., The Lllght speed was . determined’ by Bruhns
type Pitot “tube mounted on.-a 1,6 m ‘mast, The indicator
was located in the left :cabin window and reflected Dby a
prism into the focus of the camera., To render visible
the most important processes. of the flow we used red-
white braided woolen threads 2. m (6,56 ft,.) long, as well
as smoke* and aluminum foil. Scattered light shavings,
powder;,paper, ‘or-.metal. foil promlses the best reproduc-
tion of the flow pattern. and, ‘ander certain clrcumstﬁnces,
- of 'the local velocity also.. .The aluninum foil used re="
flected the sunlight . and could therefore be readily pho=-
tographed, The foil was blown through a pipe to’the de~-
. sired point. The air enters the pipe through a fununel
mounted on the fuselage. During stalling compressed air
was:used, ' ' ‘ :

. ‘Second series.- Optograph records (reference 2).- The
optograph was so installed in the eabin that with three
obJectlves the test statlons (glow:. lamps). at botn tips of
the stabilizer, at the le;t elevator and on the rear fu-
selage were photographed. The flying speed was also re-
corded in the optograph. . Strut pyramids were attached oan
both sides of the fuselage, their tips fitted with light,
balanced vanes lylng in front of the stabilizer in the
air 'stream between ang and tail’ fln. The-vibrations.of
e glow lamp fastened to tne”vane Were recorued bJ opto~
graph, (rlgs. 13 and 17.) ’ : : ‘

Simultaneously with these we deternined tne st"esses
in the struttlng Wltn D.V. L._scratch elongatlon record—
ers. X (See fig. 17. ) ‘ . - e

.*Vlectrlcally 1gn1ted suoke c“rtrldges ( 4—volt) are also
~suitable for, thais: special purpose.ﬁ]TAese ‘are manufactured

- by the Pvrotechdlscaen Terken at’ malcnow.’”i

**Described by W, Pabst in 2. F.H., 1929, No. 4 ; and D.V.L,
Yearbook, 1930, p. 31l o
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¢) Test procedure and results.- The object of the
first special, flight test was. the exploration. of gust.ef-
fects on the air flow in front of the tail and on the
tail itself,.. In the other fligints of both: series we con-
s1stently attempted to develop severe vibrations’ by . assum-
ing unusual,, .unfavorable flight attltudes. From speed at
stalllng upward t0-210. km/h (13045 mis /nr ) we flew with
and without gas,: bqnﬁed pulled up,-and 31desllpped to. . .
rlgnt and left, C » U N

, Flrvt test serles - main. fllght 1 in strorg Wlnd end
moderate gusts.'.“llght at high speed (between 180, and .
160 km/n {112 and 99 mi, /hr ) with throttle. w1de open and
throttlie closed. and fllmed at.various times. It.wasg. found
that the. present moderats, bumps had no visidle effect .on .
the direction of the air flow.  The ta11 vibrations, if .~
at all. notlceable, Were very mlnute. o . .

hlrst test series - main, fllynt 2.~ Tnls fllght was

,prlmarlly devoted. to 1nvest1gat1ng the effect of the slip-

stream on tail buffetlng. Plctures were taken. of the fol—
lowmne fllght attitudes (speed in. Lm/h) ' :

S N T Throttle settlng

Fllght attituds to crulslng to’ 1d11ng

SStall .. N 85. e .95
Steep dlve N B 175 B R T
Rapid pull- up at . f125? PR .10 L

Slow pull-up at. .y . .. 160 . ... 160
Right. bank* . -~ .1l20° . | ' 130
Side slip, rlght* T O A . 125);
Landlng . _”‘pj. = .90

*The-. rlght oank was preferred oecause then tne turoulence
emanating from the.fuselage was on: tne left 31de Where the
mneasurements were made. : : : ‘ ~

wSubsequent showing of the films and evaluation re-
vealed that: the interferences of the flow and thereby the
tail vibrations in equal flight attitudes by idling are -

.essentially stronger than.by.slightly throttled engine,: .
according to, which- the slipstream diminishes the flow. .in-
" terference conslderale. Complete stall was DOSSlDle on-
1y by 1d11ng, otnerw1sa tne sllpstream pusned the stalllng

sangle upward.,,
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'Th levél flight at - ‘more-‘than- 100 km/h' (62 mi,/hr.)
the threads lie- qulet and straight in the air stresam., A
slight sideslip or bpank merely -alters the- ‘yaw of the
threads, -Smoxke and” alumlnum foil left a smooth trace par-
allel to the threads, - (Seefig., 14, top.) "Any flow inter-
ference set up by a sudden ‘decrease - in angle of attack,
stalling, sideslip, or bank at- large angle of yaw made
the threads sway and undulate and eventually turn into
violent whipping motlon when the particular attitude was
intensified, The ends ‘then pointed toward the leading
edge of the tail and somewhat above ift. The smoke and the
foill indicated a correspondlng behav1or. (See fig. 14,
bottom,) ‘ :

One sideslip to the right was unexpectedly followed
by abnormally severe buffeting, which was audible in the
cabin and’ very much felt on the control stick, The con-
dition lasted on1J a snort time, because the pilot imme-
diately endeavored to regain normal attitude. The camera
was guickly started and was able to record part of it,
Subsequently it was repeatedly attempted to reproduce the

same conditions again without success. From this fact it
can'-be ‘coricluded that a very special set of conditions
(of speed, slipstream, bumpiness, state of acceleration,
yaw) must superimpose one another in a certain way before
buffetlng can be Qroduced. :

Second test series.- After the main flight 2 of the

first series had shown conclusively that by sllghtly throt-
tled engine the slipstream diminishes the flow interfer-
ences which cause tail vibration, tbe'aubsequent flights
of this second series were made with idling engine, The
optograph furnished the running record during the flights,
while the scratch instruments were operated only for about
3 seconds each at the beginning of every new flight atti-
tude, "The behavior of ‘the horlzontal tail unit was ’
checked in all flights of the ssecond ‘series by simultane-
ous ooservatlon of botn staolllzer tlps through the double
ulrror. : :

Second ‘test series -~ main flights 3-5.- The airplane
was stalled reDeatedly, ranldlv pulled up at different
speeds and sideslipped right and 1eft, at different speeds
(W1tn quick turns) . The angles’ of yaw during 51des11pp1ng
were greater taan 1n tne precedln f11gnts.
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- d) Test data of principal flights.- Interpretation
of slow~motion camera film {1, test ‘series)’.. The method
is illustrated ian Figure: 15. : The rotationsi of. the wool
threads serving. as measure. of :the flow interfoerence were
.-accurately read on:the .scales oy and o, to within 1
The obtained angles- were. referred to 1ncllnatlon a = 15
which prevalls in level- fll ht. '

Figure 16 is such a worked~up film strip, which had
been taken during the violent buffeting in a side slip to
the right. (See section ¢, main flight 2.) Haximum and
minimum deflections are approximately 10 cm (3,94 in,):
apart ("double amplitude®)., In this attitude the move-"
ments of the wool threads also are strongest, In the
first half second there is a distinct depérdence of the
tail amplitudes on the eddy moetion, The time.interval -
between observing an eddy at the tést point and its arriv-
al at the stabilizer within approximately 0,05 second is
negligible, .The probable coordination of the maximim de-
flections of the threads and the stabilizer has been in-
dicated by connecting lines., ‘The vibration frequency can-
not be evaluated with any greater accuracy vecause of the
uncertainty of tne tlme scale (starting of motor dr1v1ng
the camera).

In stalled flight with open and closed throttle the
recorded vibrations did not exceed 3,5 cm (1,38 in,) dou-
ble amplitude., The amplitudes vary rapidly and irregu-
larly, which is suggestive of irregular forces of exci-
tation., This is also seen on the motions of the wool
threads, which are neither indicdtive of constant inten- -
sity nor of definite eddy frequency.'

Interpretatlon of thopraph record (second test se-
ries) .~ Figures 18, 19, and 20 zre small sections of op-
~tograms at reduced scale,. In these charts the records of
right and left stabilizer and air flow vibrations are
synchronized and provided with a time scale., Thus the
comparison of superposed points of the right and left.sta-
bilizer vibration record reveals whether it is a symmet-
rical vibration in bending or a vibration in torsion.

Most vibrations are unsymmetrical or_tor31onal vidbrations

-about the longitudinal axis of the fuselage; still, vidbra-
tions in bending are not rare. (Fig. 18, before the 10th

second, where the air flow on the right and left sides has
become separated.) Only minor differences prevail between
the vibration of the left stabilizer and the test point on
the elevator (mostly phase displacements), No violent
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buffetlng pﬁ t1e control st1c ‘was noted during the re-—
corded flignt attitudes. ' - UL L

The double auplltudes,were deflned as d1lference of
tne max1mum and minintm values’ of’ "dJacent vlbratlons 65
mm* (2456 ‘in, ) Was the max1mum douole ‘amplitude, recorded
in the second te'st series in one side slip prior to land-
1pgﬁ(up1ntentlonal movement). AR

T All.opto rams of tne left stablllzer v1prat10n were\
’e»emlned Tor. tce appearance of rows of equallJ long v1—
bretlons (3 at’ “least),  For each OL thed 13 ‘vibration groups
the méan” Irequency was" comouted by means “of the time scale,
and” tnen the max1mum double amolltude was measured (See
flg.,Zl DI Save for the” omlss1on of several’ scattered val-
ues, enveloplng cur es Were drawn on the three’ dlstlnctly
e“oressed resonance” groups whi¢h” corresoond to’ the course
of 0ae resonance llne. The threé’ resonances, already fa-
mlller from “the v1brat10n tests 1n the nangar (flg. 11),
”arc reoresentatlve of- ’ .

"l) ‘Torsidnal vibratlon about the longitudinal axid
(at approximately 7:1 s~ compared to 7.45 st
_1n nangar test)

ffiZ) Torsional v1brat10n about an inclined axis (at 2p-
a protimately 9 5 as’ egalnst 9. 75 s‘l) :

""3) Bendlng v1brat10n of ‘Rorizontal tail groups (at
' aDprox1mate1y 11.8 1nste d of ‘12,1 s'l)

N A control check revealed that the 11rst two resonance
groups are wnolly unsymgetrlcal ne last group predom1~
nantly symmetrlcal.

’ In spite of the different respective flight speeds
the comalete test” values were plotted together in Figure
210" ‘Upon ' separatlon of the test. values from the flying
”soeeds it was ‘found® that the emplltude° increased slowly.
with syeed but did not reach tnelr ‘maximum at any glven
soeed.~,

Tnen it Was autempted to- dellne the frequen01es of
the eddies coordinated to the“recorded tail'and amplitide
;freque401es., As Flgures 18 2Q reveal, the vibrations of
“the - air flow: hre” .even more’ irregular taan tnose of the
“tall. Conseoaently, the count of the eddles rema1ns un-'
certain. '



16 ¥.A.C,A, Technical lemorandum ¥o, 669

Tee e . -

Against the obtained frequencies of the air flow we
then plotted the maximum amplitudes of the tall excited
_at this freguency. (Fig. 12, left, for the first; right,
‘for. the third group, ) The clusters were. separeted by a-
stralgnt line tnrough the utmost p01nts. These straights
“réveal the rise in amplltude w1th the approach of the  in-~
terferencs frequency to the tail frequency,

Ex01tat10n 1requenc1es of less than 6. s‘l were”not
measured; the maximum frequenc1es ranged as high as:20 s-1,

?fWhlle explorlng tae flow v1brutlons, it was. found that the

b;prox1mity of .the sllpstream ox terted a s1gn1f1cant effect.
1A level flight. the. frequenCJ of the w1nd vanes on both
sides: was tw1ce the propeller r.p.m.,-and during pull-up
_or 31desllp the . deflectlons of the prevalent regular vi-
brations increased at first by constant period, but later
increased the period also by further_ampl;flcathn. As a
résulf thereof the separation of the eddies appears, so
long as it is inferior, to be guided by the two vortex
trains of the slipstream, and this effect is still percep-
-.tlole on.the secondary vibrations even. by great vortex in-
tens1ty. According to this the propeller r.p,m, is an
important requlslte of the tests.

Tne shape of the enveloplng curvee 1n rlgures 21 and
22 beyond 6 cm double amplitude is not known. Linearly
extended, the enveloping curves for the first resonance
in Figures 21 and 22 afforded a maximum :‘double amplitude

aﬁa" = 9 cn (3,54 in,) approximately, and a mean resonance

agéx = 645 cm 1(3°56 ine). These figures are only rough

estimates. The value aj},x was reached once and readily

exceeded in flight 2 of the first test series, and was
accompanied by unusual, violent bdbuffeting, which could be
felt in the cabin and on the control stick,

The scratch-elongation measurements on the stabilizer
struts were accurately coordinated to the optographically
recorded amplitudes of the stabilizer. (See fig. 20.)

The detailed evaluation of the strut force measurements by
means of "influence factors" from the static and dynamic
tests in the hangar, which aim to approximately define
the load distribution incurred during the vibrations, is.
too voluminous to be included in the present report.

e) Supplementary fllghts.— For comparlson, we further
. made a number of observation flights with an F 13 fe, with
two W 33 b and F 13 ke each and with an P 13 ge., These
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‘alrolanes were teésted in stalled . £1ight, banking and side
slip at speeds below cruising with different r.pem. The
observations can be sumumed up as follows:

The F 13 fe type buffets more wiolently and more read-
ily than the other types Wwhen a critical attitude is
reached, The effect of the angle of attack, angle of yaw
and propeller r.,p.m, is:-fundamentally the same for all
tyoes, The W 33 and the two F 13 ke differ very materi-
ally from one another, In spite of coumplete external
agreement between the two F 13 ke, it was impossible to
stall one like the other or to produce more severse buf-
feting, Even in other flight attitudes the norizontal
tail unit of this airplane remained unusually calm., The
v1br%tlons were in all cases predonlnantly asynmetrical
(observed by double mirror).

The znplitudes were simply estimated. By sideslip
at 130 kn/h (80.8 i, /hr ), the follow1ng maximunm values
were recorded - o o

F 13 fe - D 570 . , ;
with D.ViL. tail

F 13 fe D2l2- . - 5~6 cm .
o (1,97-2.36 ian,)
F 13 .ge D 1563 . B4 cm .
(1,18-1,57 in,)
i lS'ke D 18E0 . :2;3‘cm
o ( ,79-1,18 in,)
- F 13-ke. D.1843 3-4 cm
‘ - Y (1,18-1.57 in.)

¥ 33b L D 1724 5-6 cm
: . (1,97-2.36 in.)

Wnén'evaluatlng these figures the uncertainty of the
observation as well as the dlver31ty of flight attitudes.
should be borne in mind,

f) GCalculation of stress in horizoéontal tail group in
buffeting.- Most unfavorable stress of ‘the F 18 fe (D 570) .-
In the followi@g“the.maximum-streéses'of the stabilizer
spar of the F 13- fe anticipated in'level flight attitude
are computed for. the peak amplitude deduced from the reso~-
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nance curves of. tne :flight . tests, (See section d, page 14, )
The -static. initial loadlng coorﬁlnated to the 1ong1tud1na1
moment equlllbrlum was dlsre"arded .

Harmonic vibrations.occurred rarely and the maximum

wamplltudes themselves. may be forced deflections. For:

that reason it is essentl al to examine the two limits oe—
tween which the true stresses should lie, when calculat-
ing the stresses pertalnlng to the maximun amplitudes:

o). Removal from m1d position is caused by the accel—
eration forces of the vibratiag tail masses cor-
respondlng to % free os01llat10n.

B) Removal from m1d~p031t10n 1s caused by mlr 1oads
conformadbly to a s1ngle statlc load appllcat101.

To «) Dynamic 1°3diﬁgﬁﬁ;¢

he calculatioh of the dynamic loads P = - m'% v2
is carried through with the elastic curves of the dynamic
hangar tests (fig, 12) with the: follow11g ‘numerical values
and the known mass dlstribution‘-—i

Ma;imﬁm amﬁ;itude e Frequency

R

a

Torsional vibration =*%§5“= 45 mm - | 7.5 s-1
a}"

Bending vibration ;ax = 32,5 mm 11,85 st

In the endangered section (0.99 m from center) the
following moments, as compared with the static moment at
failure Mg, = 388 m-kg (2800 ft ~1b.) are obtained:

Torsional vibration ' 'Mi = .55 mnkg = 0,14 Mgy

Bending vibration . . Mj .LQ5gm—kgW“'Q.27-Mst
To @) Static loading. L

From the possible combinations.of tor31onal yibration

f'tne investigation was llmlted to tne most abnormel case

of & . one-sided 1oad1ng which, moreover; 1§ the. most likes
ly. For the bending. v1b“et10n, symmsjr;qal stress appli~
cation is assumed.,, : o e
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Yot - Ln6W1ng ‘the dectual load. dlstrlbutlon, the two
llmltlng ‘cases of ‘an -isolated load P. at the end section
and of a unlformly distrivutied. surfiace load . p .are exanm-
ineds ‘Tae calculation is carried out. with tqe influence
liness (Fig. 4.). Tith &g,y in um and the influence
factors 'y in mJ/gg and mm/kg/m9 1t a*fords-

, :
: al 90
0 Y. P, = oAREL = - =.68.7 k
For one~31dedlilr, o 2 ¥,0:. 2 X 0,656 Cos &
~floading "-%3 LT i
(tor51on) o cakoe
) :m‘:-——-—-——-—-—-—-—-zsoz' 2
PoTeinA J' 'P¥'ﬂ~2 Yoo " ° . 2 X 0.735 1. kg/@

am s
P, = 22X = = 65,0 kg
For two-sided 7 .S 2¥,, 2 % 0,500
loading L 7 T o
(symmetrical ¢ YA, 65
5 . ¥ T e T e eeeeerte—— jid
bending) J” P, 7 5y . 2X 0.454 7lf5 kg /m2

: 1tn an area F = 2,21 m2 (23 8 sq.ft.) of the over-
h“Jb and an. 0.82 m (2 7 £t.) lever arm for P and 2 1,70
m (5.58 £t.). lever arm for P the bending moments in the
e1ﬂengered sectlon are: } ‘ : '

For tors;on i from 'pﬁAat_ i£1 = 111 nkg ° ?,j
(shog = 50 mm) 0 pLh it =y et 1029 sy
.:ﬂor bendlng ';_ﬁ:”.pé,'“ 1M:} =129 n ] _
(a"' = 65,mm) oMo pg oMM =110 " 0,31 Mgy

max

" The assumptron“of statlc or dynamlc loadlng for sym-
metrlcal deflection  thus s1gn1fles no essepntial. dlf;er—
ences’ in stress," whereas the stresses in a free torsional
Yibration are only half as high as in an 1dentlca1 ampllw
tude forced by a one-sided static loading,

. Summlng up, it can be stated that under violent buf-

feting developed under the very abnormal conditions up to
cruising ‘speéeed, stresses as high as 30 per cent of tae
static breaking strength are not improbable on the F 13 fe
D 570 stabilizer.

For rough comparison of the F 13 fe D 570 with D,V.L,
tail and the P 13 ge, the very unfavorable assunmption for
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v1% ge: is. madeﬁitnét 0.99. m; avay frém the median section
-3‘117 ‘mkg bending noment can develop. .. Close'examination
shrotrs - -tilat: the: respectlve tail amplltudes of - the F 13 ge
are but 80 per, cent of those on the F 13 fe with D.V.L,
tail., Omn account of the: 11gnter gauge spar the stresses
are nevertheless 10 per cent higaer than on t;e F 13 fe
with DyV.L. tqll D 570 e .
‘ In view of the more favorable shape of the new ‘type
F 13 ge (thlc zer .chord) with raised trailing .edge, longer
body and thus improved dlrectlonal stability ‘and shifting
of elevator toward the bowndary of the eddy zone, the as-—
suaption that the extraneous forces attain the same mag-
nitiade.as with- tne F 13 fe, is to ve called very uanfavor-
abvle, . ' o

5, Wind-Tunnel Tests

S The English wind-tunnel tests* were made in a compar-
"atlvely small tunnel. (about 1.2 m (4 ft,) diameter). Be-
cavse of the size of ‘the model (scale 1:8,88) its wings

ad to be clipped. It was not ant1c1pated that this would
have any effect on the appearance of tail buffetlng, al-
though .it would have some effect on the angles of attack
~‘at which buffetlng begins, . because the prevention of the
lateral circulation around the wing tips implies, so to say,
reestablishment of the plane problem and therewith change
~in direction of the downwash on the tail. Also, in the
"English tests the propeller is absent and the conjecture
was near at hand that the effect of the slipstream on the
.appearance of buffeting is considerable. Besides, there
is hardly any doubt that at. the moment of the accident
the propeller speed was that for cruising, if not for full
Vthrottle.. The Eng lish. model, which corresoonded to the
F 13 fe instead of the F 13-ge, did not have the raised
trailing edge like the crashed one had {compare figs., 3a
and 3c), Whlch vas to effect a diminution of tail buffet-

1nb..~-

*See reference 1, appendlx 21, page 79: Flutter and Buffet-
ing of a siodel Tall of Jynkers ;onoplane G—AAZK. :
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D) Test bfoeedure.JﬁTneee‘teSts were carried out in
the wind tunnel of the Zeppelin .airship company, Fried-
rlcnshafen., The. 2,9 m (9,5 ft.) diameter of the experi-
ment sectlon made 1t poss1ole to mount the 1:10 scale mod-
els readlly.. Tne f0110W1ng three models were tested:

Kodel A: Junkdrs F 13 fe with D.V.L. tail (Like the
~one used.in the flight tests).
'.Modél.Bﬁ.JﬁnkéfgiF713 ze with original wing (like
' .thé one used in ﬁhe»English wind-tunnel tests)

t;Model C jﬁnkerS'F 13 ge w1th modlfled wing (as in
the crashed . alrplane) '

. As in the Engllsh experlments, ‘the complete tail was
‘felastlcally 31m11ar to the actual tail unit,. Bendlng of
‘overhanging vart of’ stabilizer and torsion of rear fuse-
lage were considered as essential degrees of freedom for
tail buffeting.. The experimentally defined deflections
“and vibration. frequen01es on the actual airplane (see
sections 2 and 3) .and on the model yielded as model scale
for the speed . 1: 10, As a result the experiments had to
.be made at very low speeds which, in view of the Reynolds
Number, is very regrettable, but the. same dlfflculty 8X-—
isted in the English experiments,

The mpdele“were sﬁSpended as usual by wires. (See
-figs., 24 and 25.) The'entire suspension was accomplished
on the outer parts of.the wings, thus precluding any dan-
ger of eddies,. set up by the . suspension, affecting the
tail buffeting. The rear fuselage with the tail was
filmed by slownmotlon cmnematogrdpQ1c camera (approximate-
"ly 80 exposures per secon nd). A very small lamp in the fu-
selage insured an accurate time record; the lamp flashed
egularly every 1/4 second. Each vibration attitude was
filmed 3 seconds, in exceptional cases longer. The in-
terpretation comprised ordinarily the middle 240 pictures
of each exposure.

Each model was iested at different angles of attack,
‘different. speeds, and with and without slipstream. A few
.experlments were. made under altered elastic condltlons.

c) Integpretatlon and results.— The pictures revealed
_the’. bendlng vibration in’ tne overhang of the left hori- "
zontal tail unit. very accurately, the' torS1onal vibration
of the rear fuselage less accurately, Upon examination it




22 N¥.A.C.A. Technical Memorandum He. 669

vas found ‘that the amplltudes on tn° rlght side assume .ap-

_JDrOleatelj the same magnitude as those on the left, al~

though the motions are in nowise always SJmmetrlcal. At
nany points thae pictuires are suggestive of beats; this .

may. be due to the mutual interference of the two halves
of the tail, whose natural frequencies perhaps exhibit
minor dlscrepuncles fro#h one another.

Hrou the 130 1nterpreted film records contained ia
tie comnlete report sévéral are shown in.Figure 23, They
exhidit the type of buffeting vibratlons very similar to
those in the flight test, (Compare.fig. 16,) .One notes
how the amplitudes increase with-the angle. of attack and

_how.the amplitudes fall off Decause of the slipstreanm,

TAe latter acts favorably in all cases, and palpably so

in, the ambit - of angle of attack within. whlcn it can pre-
vent tne separ tion of flow in the wing center. (Compare
flgs.,24 and 25,) This result is in accord with the. fllght
tests, (Compare sectioan 4.) S : ,

In some tests the buffeting- suddenly cnanged its am-~

,_nlltude at irregular intervals, without 1eaang a trace
as to the cause of this behavior. -But inasmuch. as this

occurred in very few instances and -then anly. at certaln
angles of attack, it is not to be as sunedvtaat it can be
exnlalned as w1nd—tunnel 1nterference.

The dlscrepa401es in the results are not very pro-.

. hdadcbd for the different models. In model A (F 13 fe)

puffeting began at slightly smaller angles than. in . models

B aad C (F 13 ge); this is probably where the effect .of

the shorter body of the F 13 fe comes into play. Still it
is surprising that the difference is not large except in

~the measurements with slipstream, Raising the middle of

the trailing edge of the wing is of no advantage in the

“model test in contrast to the flight tests, as seen when

comparing the results on models B and C. Herec also is a
wide divergence in the measurements with and without slip-
streau.

.. A bartlcularly clear view of the test data for models
A, B, aad C is afforded in Figure 26, waich depicts the
difference Ay of the maximum posi+ive and naxinum nega-—

'tlve deflectlon Lormed from each vibration curve. Taese

velues dre - ‘entered in a field whose -one coordinate denotes
the wind veloc1ty and ‘the other the angle of attack., Oa
thne plotted curves Ay =.constant (and specifically = b,
9, 13 aand 17 mn (.2, <35, .51 and .67 in.). It is not al-

t
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ways easy ‘to draw ‘the curves unobgect1onably through the
plotted figures, - Thig applies, in partlcular, to the
points where double measurements with varying results are
available. Nevertheless, it is hmﬁly llkely that the
curves coul& be plotted any other way. ' For that reason,
it is all the more remarkable ‘that -the results of the
English ‘tests do not ‘agree at 'all with the German test
data, 'The English results, conformably te Figure 24 of
‘their report, have been appended in Figure 26 (model B
without slipstream). In the ramge, where consistent vio-
lent buffeting occurs according to the English tests,

our records revealed altogether very minor amplitudes, or
were not photographed at -all because of the smallness of
the amplitudes,.

It is impossible to say summarily to what the differ-
ence between the English and German results can be as-
'cribed ' It may be that the truncated w1ng ‘tips in -the
‘Erglish tests ‘are’ respons1ble for art ‘of it, The Eng-
Iish curves are plotted for 0 'to 5° angle ¢f yaw, the Ger-
man curves, without 'exception, for 0° .yaw, At any rate,
extreme caution must be exerc1sed when applying these da-
ta to tne accident,. It requlres ‘more experiments to clear
up these- dlfferences. The effect of the Reynolds Number
snould also be' 1nvest1gated. Besides, 1t does not appear
admis31ole to us to apply the amplitudes of tail buffet-
ing ¢bserved by model test summarily to the full-size
airplane as the English report does. Aside from the Rey-
nolds Number, it should be borne in mind that the ampli-
tudes can be materlally affected by the elastic damping,
which was left out of cons1derat10n when the models were
made.

The wind-tunnel data without sllpstream (see fig. 26)
1nt1mate the presénce of resonance, and this impression is
greatly strengthened when evaluatlng the tests with changed
elastic conditions of the tail, Unfortunately, it was im-
poss1ble to carry out more than a few isolated experiments
in this direction, At angle of ‘attack appruvaching breaka“
‘way and a cegrtain speed, the fregquency of the eddies in-
the wake of the wing probably coincides with the natural
frequency of the stabilizer, A cursory estimation of the
eddy frequency (conformadly to the theory of the Karman
vortex street (reference 3) and according to more recent
experiments (reference 4) on vortices behind wings) con-
firms the: feas1b111ty of'th1s -case, - Only one footnote in
the English report polnts out that the amplitudes of tail
buffeting could be amplified by resonance. But in the
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tests,-ostens1b1y no” ¢ass-of resonance dceurredy 'Here '’
also furtner experlmentatlon is necessary in order to'
*galn a clear 1n31ght 1nto these matters. ' o

To apply the German model tests to the a001dent the
curves for model '¢C with slipstream (fig. 26) must -be- sub-
stituted fér the English curves (model B without slip-""
stream) .’ It bécomes apparent from the first glance- that
the probablllty of the Engllsh explanatlon of the ac01dent
has become very much less,’ N

’..,.

Iv. RECAPITULATION OF - GERMAN TEST DATA

Statlc and Dynamlc Tests on F 13 Tall

e

1. The most unfavoraole sectlon of the F 13 stabll—
izer spars lies Out51de of the point of” application of the
-~ strit. -The eXpériméntal’ breaklng stress &f- tne duralumln
spars is 35 kgfum? (49780 b /Sq THy ) T :

2, The dyanamic destrucflon of the F 13 ge hor1zonta1
tail unit occurred at n = 11,8 s"!. (Hertz) natural fre-
quency and 12,5 cm- (4, 92 in.) double amplitude at the sta-
bilizer tip after 300 vibrations. The bending moment caus-
ing failure is 85 per cent of the statlc bendlng moment
wroducing fe1lure.

3. The dynamic destruction test merely led to tension
failure in the main spars,  Thé natural frequency of the
stabilizer falls off considerabiy affer dynamic failure to
tqe point where resonance no longer occurs.

‘4, Because of the metal skin the -stabilizer is very
rugged, the static breaking strength of the stabilizer
with broken spar is still 60 per cent of the orlglnal.

5. In the fatigue test on an F 13 ge teail, an alter-
nating bending moment of #74 m-kg (535 ft.-1b. ), or 24 per
cent of the static breaking moment produced breakage only
after 700 000 stress reversals. :

Vloratlon Tests w1th D 570 (F 13 fe) Alrplane in dangar
6. The rear fuselage wita tall showed-a number of

resonances ranging from 6 to’ 16 Hertz. "The most signifi-
cant of these vibratioiis werel- - '
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FREI,

e) Torsional v1brat10n about the 1ongitudinal axis
o at 7445 Hertz. ' .

b) Lor81onal v1brat10n about an- oblique axis at 9,75
- Hertz,

}c)‘Symmetricalﬂ-vertlcal v1bratlon in bendlng at
‘ 12,1 Hertz,

7. The brac1ng between fin tip and stablllzer tip
scarcely shifted the first two resonances; at the first
resonance the amplitudes féll off slightly, at the 'second,
considerably; the third resonance was practically 6limi-~
nated dy the bracing.

8. Experlments with 1oose damping bracing revealed.
vibration properties mldway between those of the free and
the rigidly braced tail,

Flight Tests w1th D 570 (F 13 fe) Alrplane

9. At large angles of attack and of side s11p the
tail is struck by vortlces shed by the center sectlon of
the winge.

10, The vortices develop at large angles of attack on
both sides of the fuselage (but not symmetrical) and by
“yaw1nn (in 31desllp and banking) on the side of the fuse-
lage opposite to the angle of yaw.

11, The vortices grow W1tq angle of attack and yaw, be-
cause of the consistent spreading ‘of the interference ex-
isting on the top side of the wing close to the body wall,

12, The vortex intensity could not be determined nu-
merically, but the angular changes of the wool threads
and wind vanes caused by an eddy attained occa51ona11y the
order of magnitude -of 90 : :

13, The eddy frequency was very irregulaf; those ob-
served range between 6 and 20 Hertz., No systematic rela-
tion with the flying speed could be ascertained,

14, The slipstream lowers the flow interference mate-
rlally. ‘The two vortex layérs of the slipstream guide
tne eddy separatlon at the incéption of the disturbance
and induce at first an eddy frequency equivalent to twice
the propeller speed,



26  TJALCLA, Technical émorandum o, 6569

15, Thie multiple deverndence of the vortex formation on
the angle of attack of the airplane against tae air strean,
oa the flight speed engine rep.m., and on the structure

L. ther ataospaere, enflers systematic test f11 ghts very
élrflcult and contalns the possibility of acc1aental, par-
ticularly unfavoraole combianations, which do uot yield
very: readily to experimental treatment, Only in one case
(dal" flight 2) were such extremely unfavorable conditions
obtainable. '

1640 T 5i1* baffeting occurs 4in all fllgnt atultudcs in
.Whlcn vortices are Sﬂed by tﬁe W1n roots.

17 Tne vioratwons are 1rregular in emplitude and’ fre-
guency. Speeding up to high amplitudes during one series
of vibrations is rare, althougn high amplitudes are fre-
queatly to beifound-:as 1rd1v1cual v1orat10ns or of” alwost
constant magnitude 'in a’ short serles.

18, The frequencies lie with 1in the range of the natural
vibrations of the first threc dynamic tests in the hangar.
The frequencv of thae first torsional vidration is nmgre fre--
quently encountered. Comparison of the vibrations of both
stabilizer halves reveals dissymmetry at the frequency of
the torsional vidrations, and syammetry at the frequency of
bending vibrations.

194+ The recorded amblltudes, glotted aga1nst tce corre—

Jondlng frequencies, show the three resonances, known from
tihe hangar tests, very clearly. ‘

20, The amplitudes slowly increase with the flight
speed; they become maximum at no given speed.

2le The eddy frequency is ordlaarlly greater than the
frequency of the tail vibration excited th tereby. The pos-
sibility of exciting al&n amplitudes 1ncreases Wltn in-
creu51ng correspondence of frequencies,

22+ Extrapolation from tae test data revealed for cruis-
ing speed with throttled engine the double amplitudes
at.zx = 9 cm“(3'54.in.) approximately (torsional vibra-
‘tion) and alll. = 6.5 em (2,56 in,) (symmetrical vibration

in bending) anticipated in the most unfavoradle case with
the F 13 fe D 570 airplane, These are rough estimates,

Ia one. case we .recorded a torsional vibration of 10 cm am-
plitude., -This - was a 11m1t1ng casse, . wclcn suosequent at-~
tempts failed to repeat. . s
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23, According to calculatioen the stress of .the stabil-
izer spar was about 30 per cent of the static breaking
strength at’ the douole amp11tudes of 9 and 65 cm for the

Comﬁarétive vlighté'with 7 13 go, F 13 ke
: and W 33 Alrplane R :
24, The F 13 fe type used in these tests ev1nced more.
violent buffeting and greater susceptibility than the. oth~.
er ¥ 13 types, once a critical attitude was reached,

25, A rough comparative calculation revealed stresses
of around 34 per ceat of the static breaking strength in
the F 13 ge tail in the most unfavorable case by equiva-
lent extraneous forces, 'The amplitudes are approxzimately
20 per’ cent lower than for tne F 13 fe (D 570) tail,

'. Wind~ Tuﬂnel Experlments

26, At certaln angles of attac& the models of the
F 13 fe and F 13 ge developed tail buffeting, and

27. at somewhaf smaller;angles-on tne'F 13 fe model
than on the ¥ 13 ge (effect of -shorter body of the F 13 fe),
particularly during the measurements with slipstream,

28, Raising the middle of the traiiing edge of the
wing has no materlal effect on the occurrence of tail buf-
fetlng. '

29, The slipstream acts favorably in all cases, .With
propeller running (especially at low speeds) tail buffet-
ing is shifted toward higner angles of attack, although
this effect varies in the different models and defies ex-
planations On the other hand, it should be borne -in mind
that these results as well as those enumerated under par-
agraphs .26-28, are presumadly materially affected by the
Reynolds Nurber and should not, for that reason, be ap-.
plied to the actual alrplane W1thout serious considera- .
tions, »

30, Resonance between the eddy frequency in the .eddies
ia rear of the wing and the natural frequency of the sta-
bilizer alel;leS ta11 buffetlng cons1derab1y R

31; Our data here are ut varlance w1th tne Engllsh '
measurements, and no 'satisfactory eaplanatlon of the dlS~<
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crepanc1es can be glven at this. tlme..

32, For tJlS reason and 1n v1ew of the low Reynolds=
Tumber of the model test it appears advisable to apply -
the model test data for the present only qualltatlvely.
33, Allowing for: the fact that the propeller was prob—
ably running at the time 6f the accident, it throws consids:
erable doudbt on the probablllty of the anllsh theory of
tall burfetlng as the prlmary cause of the crash,

V., CONCLUSION..

In connectlon Wlth the nngllsh 1nqu1ry 1nto the air
crash of" the unnkers F 13 at ieophan (reference 1), Ger-
many also ‘made -an exhaustive study of this accident, It
comprised static and dynamic strength tests, flight tests
and wind-tunnel experiments, as elucidated in chapter IV,

Based upbﬁ thie investigation, the English theory
loses much on its probability (stabilizer failure result-
ing from buffeting as primary cause)s In particular, it
may be: stated 1n thls respect that: :

Tne tall stress, glven at the end of chapter III, 4,
which cannot cause static failure, must already be looked
upon as being extremely rare for normal operation, While
this does not mean that a stress of the order of the stat-
ic breaking load is entirely ruled out as an explanation,
its occurrence is possible only by a catastrophal combi-
nation of abnormal conditions at high flight speed.

A pull-out at high speed would have to be accompanied
by a vertical gust, or a side slip while out of sight of :
the ground, would have to concur with a lateral gust of
such intensity that the angle of stall or yaw is exceeded,
at which violent tail buffeting is »roduced. The appear-
ance of one of these cases or their superposition by high
cruising speed need not immediately spell danger; very
likely it must be concomitant with an expressed resonance
of tail vibrations and eddy frequency in order to speed
the amplitudes to breakage, In order to exceed the crit-
ical angle of attack so that the flow separates at tne
wing root, while cruising at 180 km/h (112 mi./hr.),
would necessitate a vertical gust w (whose effect is .
lowered by a factor m . through the time rate of change
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of flow) of M w ~ 10 m/s (32.8vft./sec.)q4ﬂThe requisite
effective gust intensity increases about linearly with the .
speed, but decreases conformadbly to the setting of the .
eirplane during pull-up. The effective period of the gust
would have to be.sufficiently long in order to lead to a '
couplete development of vortex separation,.

So, while it is still possible that the iieopham air
crash was due to such a catastrophal case, in view of the
fact that the accident occurred in very bumpy air when
flying through a cloud and the airplane was not equipped
with bdlind flying instruments, its occurrence is neverthe-
less so unlikely that in the present state of the technigue
it cannot, and need not, be designed for. Horeover, sev-
eral hundred airplanes of the F 13 type have been in op-
eration for years without any similar mishap,

The other theory advanced, that the wing broke first
as the result of a violent gust or a too rapid pull-up out
of an unintentional glide and that elevator aand stabvilizer
broke afterward, is just as feasible, particularly since
English experiences were confined to biplanes only. Reach-
ing the stalling angle at around 215 km/h (134 ni,/ar.,),
the wing is stressed to breaking limit, The limit up to
which the present state of the technique must provide for
the occurrence of such wing breakages, was discussed dur-
ing the last conference of the German Aircraft Committee,

Translation by J. Vanier,
Netional Advisory Committee
for Aeronautics.
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I test series I1 test serics

a, Pitot tube e, Optograph

b, Spray tube £, Balanced vanes

c, Woolen threads g, Lemp

d, Slow-motion camera n, Lemp
i, Visual rays of optogrash
4, Angle of image of slow

, motion camera
Fig.13 Set-up for flight tests.

-]

+-Smolte cartridge

AN
kSpeedometer -Spray tube

Fig.15 Film record of flow and stabiligzer vibration(see fig.14).
Sketch for interpreting films.
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- foil. Fig 17 Streamer with lamp at
Top ,Un~- stabilizer struts,

- disturbed recorded by scratch elongation

. level recorder and optograph.
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Left, Wool threads and smoke at 140 km/h speed.
Bottom, Stall. Left, Stalled glide,speed 90 km/h
Right, Stalled side slip,speed 120 km/h .

Fig.24

picture

of flow Model A
past under ident-
Model A  ical con-
at 12° ditions as
angle of 1in Fig., 24,

atteck,  With pro- ,
The pro- Peller rumning(n = 1450 r.p.m. ) Now the edge is

: i peller quiet. Note also the difference in flow. The
is not running, the blurred edge of angle of downwash is greater with propeller
the tail shows that the latter is buffeting. running than with propeller locked.
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Fig.21
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Figs.18,19,20

(<—Right
gn }Flow
~—Left
#::g:fit Amplitude
Fig.1l8 Optogram of stabilizer and flow vibration. Taken
during levelling off prior to landing. (Film section)
Left , flow separates at right side.

Middle, " has separated at right side only.
Right , " " " . and left side.

|-  P1ow, right
Side o Maribsa
slip R Amplitude,right
to ' |  Amplitude,left
left, on e
140 .
(87 | Amplitude,right
mi,/nr.)
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T : S
Fig.19 Optogram of stabilizer vibration and flow.
Exposure during side slip to left.

Right side

S Flow
g@,Amplitude

Left side )-Strut stresses

Fig.20 Synchronization of vibration of stabilizer,
air flow and strut stresses from optogram
and scratch record.
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Fig. 26 The &y (in mm) is plotted at every point in %he v- o-field, which corresponds

to one measurement. The curves are for Ay = const.(and=5,9,13 and 17 mm), The
slipstream effect as well as the discrepancy between the English and German measurement
becomes readily apparent. The shape of the curves for the measurements without slipstream
are suggestive of falling off >f resonance. % 0-5° yaw,English tests,adéed from Z.F.M.
Feb. 15, 1932,p 199 .
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