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MEMORANDUYM REPORT
for tHE
Bureau of Aeronautics, Navy Department
EXPFRINENTAL TNVESTIGATI N TO DETERMINE THE RELATIVE
MAGNI TUDE OF VERTTCAL AND HORIZONTAL GUSTS 1IN THE
ATY.CSPHERE

By PEILIP DONELY

Introduction

Tn the design of sircraft for the loads due to gusts
encountered in flight, it is essumed that the gust i1s
normal to the flibht uath of thp sl rplane. The statistical
data, reference 1, on which the design of alrcraft for gust
loads is based has been obtained for level flight snd the
gusts considered are vertical. When the flight path is
verticeal, as it is in some cases, the criticel gust Is
. horizontal and the question arises as to the relative
magnitude and frequency of the vertical and horlzontal
gusts in the atmcsphere.

General considerations indicate that a satisfac
procedure for the design of diving alrplanes would b
assume the horizontal gusts to have the same magnl ta\
frequency distribution as the vertical gusts. “h:" a >
tion yields satisfactory results at present but sxperimental
verification of 1t would be desirable.
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The purpose of the prese
data on the vertical and horiz
by reworking accelerometers a
investigations of vertical gu
nged rfor purposes of compari
tha available records were t
amount of work involved.

ent investigation was to obtain
ontal gusts in the atmosphere
sirapeed records from past
s. As the data was to be
only sbout one fourth of
e used in order to reduce the

e

The records which fcocrm the basis of this investigation
were obtained from fifteen flights of the XBi-1 air[Ldna
s up to altitudes of

during gust surveys of cloud formatiorns
15,000 feet and from fifteen flights of t
¢-2N airplane, in clear air at altlitudes les ha 500
feet. All records were obtalined in the
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Langley Field, Va., during the period from January 1937
to August 1930,




Apparatus

The airplanes, used to obtain the

€

XBi¥-1 and the Aeronca, C-2ZN.

a
the pertinent 1nforw°t10n on the

The instruments used in the airpl

NACA airdamped accelerometer

NACA airspeed recorder
NACA synchronizing timer

ds, were the
.’(\lencn
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The airspeed recorder and sccelerometer were eduipped with
magazine type film drums with a capaci

fllm.

A film speed of 1/3 Inch per se

minutes of record on the Xp'-1, while

inch per second gave 10 mAth.Q of avai

Aeronca, C-2M.

ty of 20 feet of
cond permitted 30
a film speed of 3/C
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ilable 1”(00*/q on th

The method of evaluatiung the airspeed and accelerometer

records to obtain the intensity of ucrtL,al gusts,
has been developed in the

given
the re

“true?

past few years from the theory

In refereree 1. The ﬂcfhod consists of calibrating

actions of an airplans to a gust

of known shape and

intensity by tests of a dynamically scaled model in the

gust tunnel, A calibration _"ctﬂr

is dege
dlotan
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1
endent only on the gust size sas
ce, H(raference 1), and which wh

measured acceleration “norement gives

increment which would

thus obtained which
d’fiﬂcd by the gradient
en divided into the

the acceleration

e cnﬂput@d if the true gust velocity,

Utprues nad been used in the well known sharp edged gust

formul

a,

In practice, the gust tunnel tests are made for three
gust shapes (reference 2), for gusts which have a lateral
extent, grester than the span of the airplane model, and

for conditions

into s
flight

"ecalibration" will not give the correct value of

At pre

necess

entire

where the airplene travels from smooth air

gingle gust. Thls means that the evaluation of

records mast be made for these

sent, due to limitations of the

conditions or the

iT
e ?
rscords, it is

ary to assume thset the atmospheric gupt covers the

span of the airplane while the

second condition

required above is satisfied by evaluating those gusts
the accelerometer record indicates have been preceded
by smooth alr,

which




The method of evaluating the records to obtain the
horizontal gust velocity, AV, was simply to measurée sudden
changes in the recorded airspeed. (A sudden change was
conisidered as one which took rlace in less than one second.)
This procedure is based on the assumptions that the ground
speed of an airplane will not change appreciably in a short
veriod of time if the speed of the surrounding alr changes
and that the gust to be measured has no vertical component.
A simple calculation indicated that the effect of the first
assumption would be to reduce the indicated gust velocity
about 7 percent. The second assumption was utilized as a
restriction on the data in that only those sortions of the
airspeed records were ussd which were indicated by the
correspondling section of the accelerometer record to be
affected by small vertical gust components.

esults

(I)

d

The records from fifteen flights for each airplane
were evaluated to obtain the vertical and horizontal gust
velocities by the methods previously des ribed The
number of vertical gusts evaluated was 500 for the XBi-1
and 956 for the Aeronca C-2I. The horizontal gusts,
evaluated from the same set of records, amounted to 1174
for the XBM-1 and 1’&) for the Aeromgs C-di, These dats
were used to make the frequency curves, given in figures 1
to i, of Ug,,. and AV for each airplane.

In order to obtain a more convenient comparison of
Upppe 80d AV, the data in figures 1 to !, were used to male
cross plots of Ui, &gainst AV at equal frequenecies for
the zwo airplanes. These results are shown in figures 5
and 0.

Precision

The precision of measurement of Utrl. and AV is
estimated to be within %2 feet per second, if the precision
of instruments and the method of evaluation are considered.
Such an error is randorw and its effect on the shape of the
frequency curves will be negligible for the purpose of this
report, :

One error, which will be of zreat importance relative
to the shave of the freguency curves end the conclusions
drawn, is that due to variations in the lateral extent of




the gusts. 1In the case of vertical gusts, the method of
evaluation assumes that the entire span of the airplaie 1is
covered and, since gusts may be smaller than tu span of the
alrplane, the values of U, computed will be either correct
or "too low, but never too high. This error vxll tend to
chift the frequency curves towerds zero gust velocity for
Utppec The data for AV are not affected by this type of
error since no assumption is made as to the lateral extent

of the gusts. This mesns, therefore, that the frequency
curve for AV will tend to he ODtulnud in its true form and
the comparison of Uppye and AV will indicate that AV Iis
larger than Tipye-

Another factor, which will influence the results, is
the amount of data obtalned to form each frequency curve.
The effect of having more data for Utr = than AV will be to
emphasize the discrepency greviously dlscussed, while it is
probable that, if the relative amounts of data are reversed,
it will tend to cancel this error. If this is so, the data
for the Aeronca airplane should tend to show equality
between Upp,e and 4V as cowparsd to the data for the XEBN-1 “
airplane.

There appears to be no practical way of determining
these errors for the present data, so that it will be
necessary to deal with trends with these points in mind
in order to use the data.

Discussion

The data from the tests on the Aeronca 6,
where the horigzontal outnumbered the vertic
almost a L5 degree line for U, against A\ hi

placed about one foot per GCOuH along the sabsci

For the tests or the XRV-1 airplane, figure 6, the vertical
gusts outnumber the horizoutal gusts about 2 to 1, and at

low gust velocities AV is sbout 2 feet ner second greater

than TUypye while the two tend to become equal Tor hizh
“‘gust velocities. As pointe yd out under precision, the

errors in the data will ternd to produce this result. It

eppears reasonable, therefore, to say that Tgpn,e and AV

are of equal intensity and that the indications of the
data have been modified by the limitations of the experi-
mental data. . .
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The discrepancy in the amounts of data for the
variables considered is quite Interesting and worth further
consideration. The method of evaluating the records weas
identical for both airplanes so that the trends in the
amounts of data obtained should be due to the flight
conditions for the most part. In the case of tests with
the ¥YBM-1, the turbulence measured was due, primerily, to
thermal currents end it might be expected that more vertical
then horizontal gusts would be encountered. The Aeronca C-2N
sirplane was flown at low altitude in "wind" turbulence and
hence it might be expected that the influence of the earth
would tend to restrict the verticsl motion of air so that
the number of horizontal gusts would be larger. The data
collected in the present Investigation tend to bear out
this reasoning and would tend to indicate that atmosvheric
Blrbulence 18 seldom isotropic.

Concluding Remarks

The results of this investigation indicate that the
vertical and horizontal gusts are of about equal intensity
in the atmosphere.

The data also indicates that, under thermal conditions,
more vertical than horizontal gusts would be expected, while
uvnder conditions of wind turbulence, the relation is reversed.

The investigation also emphasizes the necessity of
obtaining more information on the size of gusts with par-
ticular reference to the lateral extent of the gusts relative
to the span of an airglane.
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Table I

Airplane Characteristics

A rplane XBM-1 Aeronca
Weight, 1bs. 5200 782
Wing Area, sq. ft. Lhi2 1Ll
Wing Loading, 1bs./sq.ft. 12.6 5.0,
Span, ft. L1 26
Mean Aerodynamic Chord, ft. 5.05 I
Slope of Lift Curve, L.5 le 7

per radian
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