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PRELIMINARY TNVERTIGATION OF DOJNWASH FLUCTUATIORS
OF A HIGH-ASPECT-RATIO WING IN THE
LANGLEY 8-F0CT HIGH-SPEED TUNNEL

By Antonio Ferri

SUMMARY

A series of tests have been made in the wake of a
Atgk—sv?ed wing of high espect ratio at kach numbers up
to approximately 0.50 to determine the fluctuations of

the downwesh in the zone of possible tail locations.

Serious fluctustions occurred in the wake of the
wing. The fluctustions extended beyond the wake bounda-
ries but with decreasing amplitude. TFor a high angle of
atteck of the wing (7°) and high Mach numbers the fluctu-

ations were very large .<5% max1mum) and extended as

V4
nigh as epproximately 0.90 chord above the chord line of
the wing. For medium sngles of attack (OO 2O and uo
impor tapt fluctuations occurred up to abou t 0. 70 chord

abeve the chord line of tre wing
INTRODUCTION

In the wake of a wing at low engles of attack and at
high speeds, there is an irregular vortex motion thet, for
supercritical speeds, is not stable and vhat “enﬂrateq
pulsations in the flow. The »nulsstions ocn<ist of & vari-
ation in the magnitude and direction of velocitv and a
variation in the static pressure and density. These vari-
ations are of imvortance in alrpla design because they -
may produce tail buffeting. It is

C".‘

necessary to nave an in-
dication of the frecuency and the amplitude of the f'ug
ations of the wing downwash in the regio Eﬁg %all

locstions as a function of free-streem Vb10 ﬁk Td apre
of attack of the wing in order to deflae @% Wrooer tall
location and structure. Ve?uuromentq\“ Made to determine
the frequency and ampl 3fuat¢o ns in the wake
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of & high-speed wing of hizn aspect ratic in the zone of
possible tail locations.

SYMBOLS

M Mach number
a angle of attack of wing
g angle of fluctuation

AH loss of total pressure in wsake

q dynamic pressure

f . freguency

C wing chord

F nondimensional coefficient of frequency
Vs free-stream veloclty

The Langley 8-foot high-speed tunnel, in which the
tests were conducted, is of the single-return, closed-
throst type. The model tested 1s shown in figure 1 and
is described in reference 1. The model hes no dinedrel
end hes an effective span of 37.5 inches, a root chord
of 6 inches, and s tip chord of 2.4 inches. A vertical
stesl plate supported the model in the tunnel (reference 1l).
The downwash instrument was also attached to the vertical
plate. The alr-stream velocity and Haca number and the
corrections used wsre the same as those used in refer-
ence 1.

e

Analysis of Problem of Measuring Downwash Fluctuations

<

Preceding experiments have shown that the flow in the
wake of an airfoil has a nonperiodic irregular motion,
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with pulsations of int “equoncy (reference 2).

ensi
Ths irregulsr motion in th

B

a

waks, which is very complex
for ths wing alone, becomes still more comolicated ior a
wing-fuselaze Jjuncture in the zone of the tail, bscaus
in this zone the wing-fuselage interference eLfec S Drouuce
st111 larger fluctuations of velocity, both in magnitude
and in direction, and introduce changes in the plane of
fluctuation.,

Numereus difficulties arise in the application of the
results of downwash-fluctuziticon tests to the design of alr-
planes. BQC?USG vibrations of the tall can be ex”lted by
fluctuabions in the direction or magnitude of the velocity
of the air, by fluctuetions in the pressure, or by vari--
ations in the turbulencs of the flow, it i1s difficult to

determine which is the most important fluctuation. In the
absence of an accurete anelvsis of the problem, an instru-
ment thst records fluctustions of the aerocdynamic forces
is used because such an instrument 1s sensitive in the
same way 25 the tail to all the varistions in the physical
characteristics of the flow. Becah‘— Pluﬂtuations are
nonperiodic, exact calibrations of instrumsnt, in
wnich tﬂbOfe ical corrections that e into account only
the difference betwsen a consitant and an oscillating
phenomenon are used, cannoct easily obtainsd. An
analysis of the results is also very difficult to make
because the fluctuations are not neriodic end constant
with time; thersiore a sta istical enalvsis of the results
would have to bs made, which would regulire lOL& records.

“

Beceuse the tests were performed in the weke of a small-
scale wing model, the law of similitude for applying thne
scale-model results to full-sizZe airplanes is not known
and theories for mcdelo in flows similar to thsat of the
wake must be used; however, this procedure is in part

T

)
arbitrary. An'vv luetion of the amount of interference
produced by the test conditions on the results is diffi-
cult to obtain because there are rulsations in the undis-
turbed flow (turbulence of the stremm) inevitabkle
vibretions of the model and suppcrt at certain speeds,
and eerodynemic interference between the model and support.
Tests to determine the cheracteristics of downwash fluctu-
ations are thsrefore difficult snd the results are less
accurate, quantitetively, than the ususl results of aero-
dynamic tests.
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Downwesh-Fluctuation Apparatus

The sensitive elements used in the instrument for
measuring the amplitude end frequency of the dewnwash
fluctuations were made in the form of small airfoils.

The sensitive airfoils were fixed nser the model treiling
edge to the end pletcs (fixed parts) and the front parcts
were free to vibratb & cantilever beam (sensitive parts)
as shown in figure .. Two strain gages, which were placed
on the zirfoils near ths fixed parts, mecsurcd the defor-
metion of the airfoils and therefore the fluctuations

(fig. 1). , '

(‘J

o

ensitive elements used in this type of investigation
must have high nstursl frequencies, high sensitivity even
at high frequencies, and small longltudinal and transverse
dimensions. Beceuse cscillatlons of about 1500 cycles per
second were to be determined, the natureal fPCQdunCLGS of
the sensitive airfoils were fixed at sbout 2700 cycles per
second. In order to obtain Ligh frequencies and at the
same time to have high sensitivity to varistions of aero-
dynamic forces, the sensitive garus of the airfoils were
made of aluminum alloy with the weight reduced to the
minimum possible, with special attention given to the
leading edge. Ths longitudinal dimension had to Dbe small
because the msximum Pleq1epc“ to be Pe”OPdud was nigh; the

1~ 2

transverse dimensicn had to- op smell because the instrument
was mede ur of three sensitive eirfoeils that had to record
the ssme type of fluctus tﬂon

¢
. r

t

The sensitive airfoils have a symmetrical circular-
arc profile that permits an accurate small-scale construc-
tion. The meximum thickness is 8 percent of the chiord.
This velue.is lsrge but it could not be reduced bscause
of the spece requ*remenbs of the strain geges. The danger
of vibration of the sensitive airfoils due to their own
serodynamic charscteristics and independent of the down-

{sh-fluctLPtJons o the typical 31gh-ﬂoeed airvlene wing,
however, ves avolds beceuse the sensitive parts were

head of the maximum thickness and thersfore ahead of the
position of shock on the airfoils,.

Three sensitive airfoils were used and were placed
between four end plates. (See fig. 1.) The complate -
instrument was made with thres sensitlve airfoils in order
to obtain a dynamic celibration. The exact value of the
velocity and the law of varistion of the serodynamic
force as & function of the direction of the velocity are
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ith nonperiodic
hz three sensitive

},._.I
9

unknown for transonic turbulent
fluctuations. With an instrumnen
airfoils placed at different eng tac”, this law

T
t v
les o
of vaeriation csn be determined Por every point and,
ay
i

LQ

therefore, the variation of the aer namic force can be
*vansformed to the eguivalent varlet on in the direction
of flow.

The rear psrts of the airfoils were fizxed to the
end plates and the sensitive parts were Ifree to move in
slots cut into thz plates. The end p19+c° were held by
o vertical suopport (fiz. 1) that was fixed to the plate

‘QDortlng the model of the wing.

{r

/\I.

The location of the inst numnnt could be cheanged
easily. All the electrical leads that connected the
strain gages to the recording instruments were located
in the end plates and the suypport.

O

ion in the stream, there 1s a
certsin alrfo;l deformetion. The maximum deformetion of
the airfoil corresoonds to the maximum deviatioc of the
stresm in one direction and the minimum 8
corresponds to the maximum devistion in the otk
tion. For the three sensitive airfoils the msax
the minimum deviastlons corresponding to a given rluctustion
can be determined, eand the value of the airi 011 daformation

ra)

as 2 function of thu angle of in01dence of the sensitive

For every fluctust

> of
airfoils can be plotted (fig. 2). The two curves in
figure 2 give the deformstion as a function oif the geo-
metrical incidence of the sensitive airfolls. It 1Is
therefore possible teo find the difference between the
maxirmum snd minimum devistions as 2 function of the angle

of incidence of the airfoil and thus of the direction of
the velocity. In an evaluestion of the data by this

ethod, the sssumptions aré made tnas changes in the flow
charscteristics ars small during the time for one
fluctuation, that tne meaxirmam dev1 tlor of the velocity
(point at wh*ch ecceleration is zaro) corresponds to the
maximum asrodynamic force, and that all the sensitive
airfoils heve the same asrodynamic charsascteristics at a
given Mach number. The approximetion of these essumptions
is good. -
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Calibrestion of Instrument and Stream

The following tests were made for the calibration of

the system:

_ (1) The netural freguency and damping coeffi-
cients of the airlolls were experimentsally determined.
These vslues were used to determine the ratic of

indicated amwlitude to imoweoovq amplitude as func-
tions of the freguency. This retio is necessary to

calculate the impre"~cq »nplltud@ Po“ high freguencies.

‘" sach sirfoil wss deter-

(2) The sensitivity of
mined 2s & function of the angle of incidence and
Mach number. This test wes necessary to determine
wnether or not the serodvnemic characteristics of
the threes sirfoils were the same for all velocities
and angles of incidence and to determine the sensi-
tivity of the instrument.

(3) A test was made to determine the vibrations
of the tunnel stream. This test gave an in dicat;on
of the *tunnel-streem fluctustions thest depend on the
airnstrﬂQV turbulence and showed whether or not the

Aodynam’c ohenomens on the sensiftive airfoil p"o~
ducea vibrstions of the sensitive part.

Teste (2) and (%) gave zetisfactory results, which
indicated thst the stream w=s regular and that uh instru-
ment was suitable for ths tests.

All the tests were performed by placing the instru-
ment in different locstions along a vertical axis, at a
distance 3.1 root chords behind the leading edge of the
wing (fig. 1) and at a spenwise station 0.6l of the root
chord away from the wing support plate. (This distance
corresponds to 10.2 percent of the semispan.) Downwash-
oscillation measurements were taken for each instrument
locetion at Mach numbers from approximstely O,éb to 0.90
end at angles of attack of the modsl of =29, , 29, L9,
and 7°. The range of instrument location was increased
the higher engles of attack, since the wake dimensions
were larger.

or
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The exact precision of the data cannot be given
because several sources of error difficuit to evaluate
were present in the tests. The data, for example, were
obtained in stetistical form from a practical exawxpsulon
of the records. The amplitude and fleowency were deter-
mined at a limited number of points (fig. %). Because
the selection of the points to be read erended in part
on judgment, the date were probably affected by the
selections made. The importance of vibrations of the
undisturbed stream, interference of the support, vibrations
of the model, and vibrations of the support on the finsl
data could not be easily estimated. All these influences,
which cannot be eliminated in tunnel tests, can change
the esmplitudes and frequencies somewhet. A study of the
sources of error indicates that the precision of the
amplitude is of the order of magnitude of 0.59 for the
larger fluctuations and 0.25° for the smaller fluctuations.
The errors are probably lsrger for high frequencies and
smaller for low fruqupnv es, The amplitude of fluctuation
of the undisturbed stream is of the order of magnituce
of 0.1° to 0.2°. No corrections have been anplied to the
values of the amplitudes and the freguencies,

U

L3

ures 4 to 9. In

The test result g
litude of the fluctu-
b
|}

S
order to make a comme
ations with weke posi

are also plotted in & i he aversge of the
maximum engle of fluctuation § for the renge of fre-
quency that appears on the records is 3lottéd in terms
of the instrument location which is iy

-
S
le weke- survey data

i
N
a
T

_;

Qa

efined in the fol-
lowing manner: The zero locsztion (zero of abscissa scale)
is the point of intersection of the wing chord line (as

it changes with angle of gttack of the wing) and the axis
of exploretion. The other loceations are the vertical
distances from the zero location along the exis of
explorstion and are measured in vpercent of the wing chord
at 10.2 percent of the semispan. Positive values indicate
instrument locations above the chord line of the wing.

For each fluctustion disgram, three ranges of frequencies
found to occur in downwash fluctuations were considered.

The range of r*ﬂh frequency did not change greatly
the angle of attack of the model and the velocity;

”
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however, the low-freguency reange was larger. The
frequency range is ploftted in fi 5

numbers of the model,

LoH=28b

low-

gure 9 for various Mech

The value of the zrsdient of deformation of each
airfoil in the instrument with eangle of flow, whlﬂn is
the sensitivity of the instrument with cha
angle, varied with chenges in the instrum

was less inside the wske thsan outside. B
fluctuations were nelther steady nor re
velues are difficult to deterwine. The
gradient of deformation wes
the wake (the deformestion gracdient decreessed about
cent in the center of the weke for M = 0.90 and
a = 79), which °howu :t in this »s=

1ift gradient of thk ument airfoil decre
varia tronq were sma11 nen the instrunent wa
Wai{e o

veriation

+y
By
i ssed

DISCUSSION

The following cbservations can be made
results:

(1) The fluctuations

jog
g
same zones in which the wake is large (figs.

(2) Tne fluctuations increase W1tn the
in angle of attasck of the wing (figs. L to 8
for low angles of attacl, the fluctuation
noticeably with the increese in Mach number

and 5)-

(%3) The limits of the zone of fluctuati
in¢reese with incresase of ‘engle of

to 8). For medium angles of attack (0°, 2°,
large fluctusticns do not occur above an ins
locetion of avout 0.70 chord above the wing
line (figs. 5 to 7). TFor a high angle of
importent fluctustions do not occur above an
ment location of about 0.9C chord asbove the
line of the wing (fig. 8).

the w

(4) Por a hign angle of attacl of

. 4 10
the fluctuations are very lerge (55 maximum
N

cenerally are large

atteck (fig

O
nt location and
ause the

ar, thelir exact

large in the central part of

=1t of the wake the

of the
t Li5 per-
. The

s outside the

from the test

‘in the
i to 8).

increase -

irncre=ase

o .
(figs. Lt

on
S..
and 1.9),
trument
chord

instru-

chord

ing (7°),

L

ettack (7°),
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The maximum amplitude, which changes only slightly
with Mach number, is not in the ceWprel part of the
wake but at the edges of the wake (fig. 8).

(5) For low angles of aLbaCA, the fluctusations
increase for high Mech numbers and are largest in
the center of the wake (figs. L and 5)

(6) The low-fregqguency Tluctuestions are of the
order of magnitude of 50 -to 300 cycles per second
and the high-Trequency lluctu tlouu ere of the order
of megnitude of 1300 to 1600 cycles per second.

The value of low frecuencies changes with varistions
in Mech number and sngle of afuccx, As the velocity
increases, the low-frequency values seem to decrease and
after reeching a minimum, to increase. The variations
in the low~-frequency values sre not defined exactly. The
frequencies become lower with increesing angle of attack
(fig. 9). ' '

The decrease of the lift-curve slope of the sensitive
airfoil in the 2zone in which lsrge fluctuations occur
probably depends on the fact that the velocity is lower
inside the wake than outside; the tail would therefore be
less efficient in this zone.

In order to apply the results of the test to full-
scale conditions, the assumotion can be made that for a
given Mach number the nondimensional coefficient of

frequency F = %E must be constant (reference 3). The
o}
frequency therefore varies inversely with the wing chord
and directly with the ratio of the Test veslocity to
flight velocity. When a 51 -scale model and a flight

_ 3 .
altitude of 35,000 feet are agsumed, the range of low
frequency for full-scale conditions 1s found to be
approximately from 1 to 12 cycles ner second, as shown in
figure 10, and the range of high frequency 1is thus
from 52 to 6l cycles per. second. . This law of 81m1¢¢tude,
which is similar to those accaﬂbod for flows like that in
the wske, probably gives a good épproximation of full-scale
conditions. The amplitudes of the downwash fluctuations
for a full-scale airpliane can be assumed to be the same
as those for the model. In the zone of large fluctuations
of the downwash, large fluctuations of the tail loads
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must therefore occur. The measured fluctuations correspond

“to a large part of the ususl design tail loads of an

average airplane and may be several times greater than
the usual loads for balancing the tail in level flight.

CONCLUSIONS

The following conclilusions are based on downwash-
fluctuation tests made in the wake of a high-speed wing
high aspect ratio in the Lsngley 8-foot high-speed

tunnel at Mach numbers -up to approximately 0.90:

1. Serious fluctuatlons occurred in the wake of the
wing., The fluctuations extended beyond the wake bounda-
: ¥

ries but with decreassing amplitude.

2, For supercritical spseds at s high angle of
. s 1o . A\
attack (7°), serious fluctuations (55 max1mum} occurred

at the tail locations and some fluctustions extended as
high es approximately 0.90 chord above the chord line
of the wing.
2197 o - O O (@]

%, For medium angles of attack (0%, 27, and L),
tail location free from serious fluctuations was found
to be about 0.70 chord above the chord line of the wing
for a tzil location 5.1 root chor ds behind the lesading
edge of the wing.

i, The more-probable fnpq §nhias are of the order of
magnitude of 1 to 12 and 52 to oL cycles per second for
a wing Z%— times the size of the model tested.

< //5

Langley Memorial Aeronsuticsal Leboratory
National Advisory Committee for Aeronsutics
Lengley Field, Va,
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