~_AD=A110 616 FOREISN TECHNOLOSY DIV !IIONY-PAYTERSON AFB OM F/G 4/2
PIR!OD!C!TV OF BORA QUSTS, (V)
JAN 82 2 PETKOVSMEK
UNCLASSIFIED FTD-!D(RSH’-IS”-BI




s §25
s £
i @20

s =5
= 1.8

ﬂ-o

-l

MICROCORY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A,




e e mams e s e e

. PERIODICITY OF BORA GUSTS

by

Z. Petkovshek

Approved for public release;
distribution unlimive 1.




e

FTD -1D(RS)T-1599-81

EDITER TRANSLATION

FTD-1D(RS)T-1599-81
MICROFICHE NR:
PERIODICITY OF BORA GUSTS
By: Z. Petkovshek
English pages: 12
Source:

Country of origin: Yugoslavia

Translated by:
F33657-81-D-0264

Requester: USAF/ETAC/MAC

Approved for public release; distribution unlimited.

14 January 1982

FTD-82-C-000025

M :
\“'}// '

Periodicnost Sunkov Burje, pp. 67-75

LEO KANNER ASSOCIATES T

THIS TRANSLATION 1S A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITKOUT ANY ANALYTICAL OR
EDITORIAL COMMENT, STATEMENTS OR THEORIES
ADVOCATEDORIMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION

OR OPINIGN OF THE FOREIGN TECHNOLOGY DI.
VISION,

INSPeLTL:

PREPARED BY:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
WP.AFB, ONI0.

FTD-1p(RS)T-1599-81

Date 14 Jan )Q 82

/L//édl)

TS

- I TR Y w g PV
el e TR AT B Y | it B




e

PER1ODICITY OF BORA GUSTS

Z. Petkovshek

Department of Meteorology, Superior Technical Organizaticn for
Physics, FWNT, Ljubljana

One characteristic of the bora is its
gustiness. Although a great deal has been
written about the bora and the strength of
its gusts, hardly anything is found in the
literature on the temporal characteristics
of the gusts. “‘herefore, we constructed a
very simple jinstrument for recoxding bora
gusts, and with it we also made some meas-
urements. Althouch they were few, it can
be seen from them that the pericdicity of
the most powverful gusts is appro:inately -
constant; however, it is rather variable
from example to example of the bora.

—

INTINODUCTION

The bora is a relatively cold and very gusty wind. It
occurz on the warmer sides of mountain ridges, where it flows
through the coldest air znd drops down along the slopes be-
reath the warmcst, Thus, the bora frequently arises along
the eactexrn shores of the Adriatic, as well as elsewhcere in
the world.,

— ——n

' A great deal has been written about the bora. The ex~
‘ tensive monograph "Local Wind Bora" has taken and combined all
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the most important works ard the latest articles [1]. How-
ever, even in this work, which in many places emphasizes the
gustiness of the bora and gives maximum velocities in the
gusts (these exceed 180 km/hr), we find no data on the fre-
quency, periodicity, or structurc of the gusts.

‘It is known that from time to time, the power of indi-
vidual bora gusts is the cause of many accidents on roads
and at sea after a storim. Such accidents cccur, as a rule,
all sumrer long. ‘Therefore, it is worthwhile to devote
more attention to the ¢ustiness of the bora and from what
has been ascertained, to reduce the number of accidents in
which human life is lost.

We have found notes from the summer of 1893 [2] .on the
gustiness of the bora, and they are certainly the oldest.
We find the first successful recording of the pexicd of
the gusts in the work by Xesslitz [3] from 1910. BHere, he
writcs that the gusts of the bora appear on a barogram to
oscillate with an approximate horizontal interval of 0.3
mm, Considering then the size of the rolls for a week's re~
cording of air pressure (circumfcrence about 40 cm), we ob-
tain an zpproximate period of the gusts at around 8 min-
utes, which acree with our recordings. We found nothing in
the latest available litcrature on the period of gusts in
the bora,

RATURL OF 1HE GUSTS
The danger of the bora lies in its gustiness; however,

wa@ can be easily misled in evaluating the power of individ-
ual gusts. The average value of wind velocity in the bora
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of course does not provide sufficient information or the
proper notions: even data on the maximum velocities in
the gusts without judgments which are useful to us do not
make possible correct evaluations of the power of the
bora énd the powerful effects of individual gusts, Thus,
we judge data on wind velocity as such, without taking
into consideration that the resistance of a body in-
creases at these velocities with the sqguare of the veloc~
ity and the power of the wind increases with the cube of
its velocity [(4].

The quadratic law of resistance, which is also valid
for wind velocity in a storm, gives the resistance force
F, which acts at a velocity v on a body of a given shape
for factor ¢ 2

F___chv
2

where ¢ is the density of the air and S is the surface
cross~gsection of the body in the flow.

Air density is approximately constant. The majority
of bodies (except for spheres and cexrtain other rotation-
al shapes) have different shapes and cross=-sections in
different directions., &o also for a vehicle on the road
or at sea, it is generally not the same for whichever
side the bora gust is cowming from, However, we are pri-
marily intercsted here in the fact that the force with
which a storm resists a =sudden gust of twice the veloc-
ity is four times as great.

Even greater is the factor of the difference in
power, if we compare the potential power of the wind
{4]. The mass of air which passes through a cross-cec-~
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| tion per unit time is ‘
l ] 2

st 3
The energy flow at a unit surface per unit time, which is
call the potential power of the current or wind, however, is

consequently

‘This means that the potential power of the wind is pro- ,
! portional to the cube of the velocity and for double the

; cross~section, the wind in a gust is eight times greater.

] Thus we can understand better how easily sudden bora gusts
can also surprise an experienced driver on the road or

i sailor at sea, especially in a sailboat,

The gustiness of the bora is thus worthy of attention
i and investigation not only with respect to variations on ve-
locity but also with respect to periodicity. If we had at
our disposal the periodicity of the most powerful gusts as a
guide, or if it were possible to estimate the probability of
powerful gusts being repeated, there woulid be, with these
data, the possibility of maneuvering vehicles very safely

or performing various actions in a storm.

The essence of the effects of the bora is, then, in its
gustiness, %hus models which do not take this into account
do not capture its essence, However, all the known models
of {he bora are like this [1]: the experimental model is
constructed cn the bacis of tests in a wind tunnel and enly !
gives fluctuztions in slightly turbulent flow behind a '3 ‘
ridge. The nunerical Arakawa experiment is therefore also = )

quite inadequate., Moreover, it tckes into account the con-

tribution of tcmperature differcnces in the air masses and

the .gravitational forces resulting from this, but it gives
f only the average velocities for flows around the ridge
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and through a mountain saddle,

THE INSTRUMLENT

Let us proceecd from the need to define the periodic-
ity of bora gusts with respect to their effect, and to do
this with modest means, fTherefore, it is convenient for
us to mcasure with an instrument, which is based on the
quadratic law of resistance. This simple instrument,
vhich we built out of a barograph, is shown schematically
in Fig. 1.

Fig. 1. A simple instruunent for recording bora
gusts.

The wind velocity in the bora varies rapidly and
strongly: however the relative change in velocity is of
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primary importance. Therefore, the instrument has two
possibilities for adaptation: a screw (S) wvhich makes pos-
sible variation in the force of the screw pin, and a slide
(SL), with which we can readily change the receiver and with
it the level for the force of the screw pin,

; From measurecments in a wind tunnel, we obtained aver-
aged curves for various positions of the screw and slide
and for different shapes and sizes of the "sensor" (R):

; spherical or hemispherical, It is therefore easy, from the
i averaged curves, to define, from the instrument recording,

‘ the instanteaneous velocities in individual qusts, and wve

: can also state their distribution over time,

! The sensor is movable is only one direction: therefore,
we must orient and fasten the instrument such that it turns
in the directicn transverse to the wind in the bora, Thus

: we obtain deviations in the direction of transverse flow, i.e.
; in that direction in which the gusts are strongest. We
accordingly recoxd only a unidimensiocnal spectrum for the
gusts,

Ve are primarily concerned with the strongest gusts of
the bora in a relatively short time frame, about one hour,
Such powerful gusts last several seconds or more, for the
most part, and are relatively rare. To this we must add the
sensitivity of the instrument at maximum expected velocities,
and oscillation around and below the average values for
the recording decreases. However, with another instrument
sctting of greater seilcitivity, we readily record sowme os=
cillation in the standard longitudinal component of the tur-
bulence as well. Still, these oscillations are recorded
somewhat distortedly, due to the stifling of sensor restor-
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ation which the shock absorber (SA) causes, ‘Thus first of
all prevents shocks and damayc to the instrument in restor-
ing the sensor (and pencil) to the initial position upon
the unexpected end of a gust. ‘The return time for sensor
or pencil position at both ciitreme positions, or from the
upper to the lower limit (but not the reverse), is a few
seconds and naturally depends on the sensitivity employed:
it is longer for placcment for the weakest bora or for
transverse velocities., Due to the one-sided effect of
shock sbsorption, the pen jumps for such a gust to the
position of grecatest shift, which corrcsponds to maximum
velocities, and more clearly records, in subsequent mo=-
ments, oscillations or relatively slow return downward,
which is a very brief gust.

In order to obtain sufficient accuracy of recording,
we readjusted the clock mechanism for roll rotation so
that it corresponded to one revolution of about 1,3
hourg, if a one-minute record uses up 3.6 mm of the re-
cording track length. This is hctter suited to an in-
vestigation of the propertics mentioned and the struc-
ture of tle maximum bora gusts.

THE FIRST RESULTS

The first recordings of bora gusts with this in-
strument are from July and August of 1976, The measure-
ment site was on the island of Pag, 40 m above the ed
estuary at Stara Novlja (Fig. 2). The area is about 7 km
from the foot of Velebit, from which the boras come down
most often from the NE, The instrument was fastened to
the living rock at an elevated location, in order to
have the least shaking of the entire instrument by the
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gusts,

Variations in the sensitivity of the instrument, made
with the screw and slide, made jit possible for us to obtain

two types of recording, in principle: i

-1) recording of the "peaks" of the strongest gusts
(Fig. 3): the scnsitivity is set for strong gusts and this
moves the pen and thifts the sensor from the initial posi-~-
tion., 1Thus we have notices the same high peaks in the ve-
locity distributicnss then we can readily determine the
average or determine a separate path for the wind from the
measurxement?

2) recording of transverse velocities (the sensitive
ity of the instrument is grecater): however, the peaks of
the powerful gusts are “truncated" (Fig. 4) and we do not
know their intensity. Therefore, the structure presented
is more accurate around the average values for the bora ve=
locity. We are interested in the first case here,

Up to now, we succeeded, during the periocd mentioned, 3
in recording 7 exanples of not particularly powerful
gusts, Only in the first example was the bora so strong
(velocities over 23 m/sec) that highway traffic was
stopped. From thcce seven recordings, however, only
five were suitable for the analysis of the periodicity of
strong custs, becauvse two had truncated peake.

The duration cf indivicdual gusts igs differcnt, from
a few dozen seconds to a few minutes, However, it ap=-
pears (insofar as a proportionally smaller number of ex-
amples can provide informa“ion) that the duration of the




Fig., 2. nan of measurement area.
Key: (1) Vclebit cChannel; (2) Bora:; (3) Pag Island: (4)

Velebit. :
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Fig, 3. Example of a recording for the strongest
gusts,
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Fig. 4. Part of a recording in the range of aver-
aga vclocities,

gusts i3 a useful thing to derive. Therefore, we indicate
the periodicity of the gusts such that we begin to figure
the time for an individuval poeriod at the cnd of the pre-
ceding gust and we record the beoginning ¢f the next one,
in order not to include its duration., In this way, ihe
distributicns obtained on the time scale are represented
on I'ig. 5. Ve see from them tbat the periodicity of the
bora gusts on diffcrent days (or parts of days) is dif-
fercnts but in the period of cne hour of time, the recpe-
tition of thc gusts is the samne, in the rough approxie-
mation. If we group the individual relative repetitions
rougily (slim closed curves in Fig. 5), we can easily
estimate the average values of the time interval (st)
betwveen the gusts. 'These valucs are given on the xight
side of Fig. 5 together with the maximum velocity and
time of measurerent. In one excrple, however, the
length of the interval between qusts increases.

From these examples, of course, no statistical ine
dices 5 or complicated conclusions can be developed,
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Fig., 5, Relative time distribution of bora gusts
for five recorded examples.

However, the examplesa indicate that in the time of one hour,
the periciicity of strong bora gusts is approximately the
sae. Not without a much larger number of recorded exam-
ples woula breader statistical processing be possible,
vhich would readily lead to reliable cdecisions and further
dcductions for turbulent and other parematers of bora
ctructure.
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