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SUMMARY.

Counting Accelerometer records were obtained from Viscount aircraft
during 600,000 miles flying on European routes.

It is shown that the gust frequencies observed are in fair agreement
with previous experience on more widespread routes.,

The variation of turbulence below 10,000 ft during the year proved to
be irregular end the maximum variation between monthly averages was apout
3 to 1. At about 20,000 t't there was a single ammual fluctuation with a
maximum variation of the order of 25 to 1 and maximum intensity dwring the

Summer months,
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1 INTRODUCT ION

To obtain information about the atmospheric gusts encountered on
European airline routes, Counting Accelcrometers were carried by Viscount
aircraft operated by British Buropean Airways and Aer Lingus. The records
c;btgined represent 600,000 miles during the period October 1953 to February
1958,

This Note discusses the variation of gust frequency with altitude and
season in relation %o previous results.

2 INSTRUMENTATION

At different times during the recording period Counting Accelerometers
Mks.2 and 4 were installed in the airaraft near the centre of gravity. The
accelerometer records the number of times each of a series of upward and
downward accelerations was exceeded. At intervals of time an automatic
observer recorded the counts, airspeed, altitude and time. The time interval
of the Mk,2 instrument was about 10 mins. and of the Mk.4 instrument was
4 minutes below 12,500 £t and 12 minutes above this altitude. The instruments
differed also in the method of recording during toke-off and landing. The
Mk.2 instrument recorded continuously and therefore the first and last inter-
vals of flight contain acceleration counts from ground loads, To exclude
ground accelerations from the Mk.)4 records the instrument switched on auto=
matically when the alrspeed exceeded 125 knots during take-off and switched
off when airspeed was reduced below 110 knots during landing.

3 TEST CONDITIONS

The aircraft carrying the instruments flew normal passenger services on
European routes. The distribution of recording time throughout the year is
shown in ¥ig.1. There is some unevenness in the BEA distribution owing to
variaeble utilization of the aircrafi{ and periods of unserviceability of the
instrument but every month is substantially recorded. The comparatively small
amount of recording on Aer Lingus is all in June and July.

Tables 1 to 4 give deteils of the time spent at different altitudes and
airspeeds during cruise and during climb and descent. It is seen that most of
the BEA ocruise was between 17,000 £t and 25,000 ft. Aer Lingus cruise tended
to be lower.

4 DATA

The total counts of acceleration obtained at each flight condition and
in each altitude band are given in Tables 5 to 7, In the case of the Mk.2
instrument the accelerations recorded during the first and last intervals of
each flight are not given as they are contaminated with ground accelerations.
The recording time is included, however, in the flight plan.

To supplement the acceleration data the date, flight sector, take-off
welght and landing weight were recorded fer each flight.

5 QUST ANALYSIS

The acceleration data were processsd and converted to gust information
by a standard method?., When interpreting the accelerations recorded during
the first interval of a flight the final airspeed and hall the final altitude
of the interval were assumed to represent the whole interval. Similarly for
the last interval of a flight the initial speed and half the initial altitude
were assumed.,



The airaraft characteristics used in analysis are stated in Table 8
and representative acceleration/gust speed conversion factors are given in
Table 9.

The estimated gust counts in each flight condition and altitude band
are given in Tables 10 and 11 for BEA aircoraft and Aer Lingus aircraft
respectively. The counts of gusts exceeding 10 ft/sec during each month of
the year are given in Table 12,

6 VARIATION OF GUST FREQUENCY WITH ALTITUDE

Fig.2 shows the observed frequency of gusts greater than 10 ft/sec
E.A.S, at different altitudes recorded on BEA aircraft. The vertical line
through each observation indicates the 95% confidence limits calculated by
the method of Ref.2., The numbers against the points facilitate reference to
them in the text. The broken line represents a general estimate of atmos-
pheric turbulencel which was based on earlier data from Europe and routes
connecting London with South Africa and the Far East., The present observa-
tions show a trend similar to the previous estimate, the numbers of gusts
decreasing continuously with increasing «ltitude up to 15,000 ft.

The flight plans show that there was little cruising below 14,000 ft
end therefore points 10 to 13 represent virtually all cruising conditions.
Cruise observations at lower altitudes probebly represent test flying and
occasional stand-off conditions during the descent on operational flights.
The remaining observations, numbered 1 to 9 were made during climb and descent.,
These points are of particular importance in determining average atmospheric
conditions as it has been seen that cruising was nearly always above 14,000 £t
and, therefore, climb and descent was recorded at lower altitudes on every
operational flight.

Points 1 and 2 are derived from the first and last recording intervals
of each flight respectively and, although they contain therefore practically
all flying below 1,000 £t and most of the flying below 4,000 ft, the assump=-
tion made in Section 5 about the speed of the aircraft detracts from the
value of these observations, The possible error introduced by this assump-
tion is to under estimate the turbulence,

Point 3 represents that part of the climb and descent below about
34500 £t which was not included in the first or last recording interval of a
flight. Very little mileage was recorded under these conditions which
represent an abnormelly low rate of climb and descent and this point is
therefore of little value in determining average conditions.

Point 9 represents ¢limb and descent within the cruising range on those
occasions when the aircraft cruised above 18,000 ft. As a result some weather
conditions may be excluded and the observation is not definitely the result
of average conditions,

The curve of average conditions is determined therefore by points 4 to
8 and is shown in Fig.2 as a straight line above 5,000 ft and curved at lower
altitudes., This line is in fairly good agreement with the previous estimate
but generally represents slightly less turbulence than was previously
recorded. Some difference is to be expected as the previous estimate is a
general one based on data from various routes which include the tropics.

Points 10-13 indicate that average turbulence during cruise was
virtually the same at all cruising heights. As there is considerable evidence
that on average, turbulence lessens with increasing altitude up to at least
30,000 £t it follows that the choice of cruising altitude within the band
14,000~29,000 £t was influenced by weather conditions, the highest altitudes
corresponding with the most turbulent weather,
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If the c¢limb and descent line is extended linearly it intersects the
cruise curve at about 18,000 ft. As the great majority of the cruise was
flown above this altitude there is some reason to suppose that nearly all
cruise was under conditions of more than average turbulence.

¥rom these two inferences, i.e. that cruising altitude depended to some
extent on weather conditions and that turbulence was greater than average
during most of the cruise it could be concluded that choice of cruising
altitude was determined mainly by considerations which resulted in an increase
in the turbulence encountered. There are two possible explanations; that
favourable tailwinds were sought after or that the airoraft was habitually
positioned in a certain relation to cloud formation e.g. just above the cloud
tops., This argument depends, however, on the uncertain extension of the
climb and descent curve., It should be noted that the turbulence in the
cruise is much less than that met by aircraft cruising at an altitude of say
8,000 ft, which may mean there is less tendency for the pilot to take avoiding
action.

The recording on the Aer Lingus Viscount represents a comparatively low
mileage and only the climb and descent observations up to 10,000 ft are shown
in Fig.3. Again the points numbered 1 and 2 contain all intervals immediately
after take-off and immediately before landing respectively. Although the
confidence limits are rather wide the observations indicate an exponential
decrease of turbulence with altitude at a higher rate than that measured with
the BEA aircraft, There is little to be gained from the comparison as the
Aer Lingus recording is entirely in June and July and the routes are rather
different, being confined more to the U.X.

7 VARIATION OF GUST FREQUENCY WITH GUST SPEED

Fig.l shows the variation of gust frequency with gust speed measured on
BEA Viscounts at various altitudes and flight conditions. Fig.5 shows
similar information from the Aer Lingus aircraft. Only climb and descent
observations are shown in those cases where there are at least 5 counts
exceeding 15 fi/sec. Generally the slope has been extended linearly for gusts
greater than about 15 ft/sec as the number of larger gusts is too small to be
significant. The broken line represents a previous estimate of average
conditions.

The variation of gust frequency is similar for upgusts and downgusts,
the distributions being approximately symmetrical about the zero gust speed
datum., The results from both types of instrument show a tendency for a gust
speed of 10 ft/sec to be exceeded more often upwards than downwards but a
firm estimate of the relative proportion is not possible as the effect is
comparable with normal instrument calibration errors. The slopes are generally
steeper than the previous estimate which indicates fewer large gusts in
relation to small gusts, with the sole excepticn of the observation made
during the cruise of the BEA aircraft in the altitude band 17,500 to 21,000 ft,

8 SEASONAL VARIATION OF GUST FREWUENCY

For investigation of seasonal variation the records are examined in two
groups; those obtained during ¢limb and descent below 9,500 ft and those
during cruise between 17,500 and 25,500 ft. Tables 12 and 13 give for each
group the number of gusts exceeding 10 ft/sec E.A.S. and the corresponding
mileage during each month of the year, The variations are shown graphically
in Pig.6, the 95% confidence limits being indicated for each observation.,

The variation at low altitude is seen to be irregular with a maximum
difference between months of about 3 to 1. This is a reliable result as the
confidence limits eare uniformly small and the climb and descent records
represent average weather conditions.
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The result at higher altitudes is a less reliable estimate of average
atmospheric conditions as the confidence limits are wide and, as it has been
shown, during cruise the altitude is determined to some degree by weather
conditions. Nevertheless, the variation appears as approximately a single
fluctuation during the year of & sinusoidal nature with & maximum difference
between months of about 25 to 41 and with maximum turbulence during the
Summer months.

A similer variation has been found previously in data from below 10,000 £t
over Europet and from the range 9,500~17,500 £t in the tropics® but in neither
case was so pronounced as the variation in the present data which are from
higher altitudes (17,500-25,500 ft) and it seems likely that this seasonsal
effect is due to variation in the number of cumulo-nimbus formations as these
are the predominant source of turbulence at the higher altitudes. This idea
is strengthened by the coincidence of the most turbulent period and the season
of thunderstorms, »

9 CONCLUSIONS

Gust records obtained from Viscount sircraft during 600,000 miles flying
on Buropean routes confirm previous evidence of a progressive reduction in the
number of gusts with increasing altitude, The variation with altitude is
approximately exponential but is more rapid than this below 5,000 ft.

/'l’here are slightly more upgusts then downgusts with speeds in excess of
10 ft/sec.

The number of gusts greater than 10 ft/sec is a little lower than the
previous general estimate and the number of large gusts is smaller in
relation to the number of small gusts.

Below 10,000 ft the maximum variation in average monthly gust frequency
during the year is about 3 to 1 and the pattern of variation is irregular,
At about 20,000 ft there is a single annual fluctuation with a maximum
variation of the order of 25 to 1 and maximum intensity during the Summer
months,
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TAJLE 1

——

Recording time in minutes at each speed and altitude during climb and descent = BEA Viscount

" Altitude above sea level 1.C.A.N. (x 1000 ft)

éﬁgﬁg' oof o1 o2 o3| oh| o5] 06| o7] O8] 09| 0| 11| 12| 13] | 5] 6| 17| 18] 19| 20 ] 21 | 22 | 23| 2 25(26]27 |28
100 29 A 5 r

110 38, 25 4 6 2

120 280, 134} 91} 13 4 8 9 3 6 7 6

130 381} 327] 225) 105] 31| L45] 201 22 15 16 1] 18] 21} 20] M| 19| 2t "nyn |

140 1291 3431 2581 242| 1281 8%] 76} 75| 91| 71, 39| 86| eh| k! W7| 257) 256| 296 | 69| 63| 63 2t | 11 ;

150 17} 32} 6731 416 3261 3151 293 L11| 3320 355) 374 | L84 | 596 {1009 | 936 | 898 87k 939 | 226 | 315 | 7h | 635 | 11 | k2| 21 11} ERRIRY
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170 51 317 825 s563f Li2| 551] 510! 554 L99| 3u4h| 282| 228) 305| 271 | 259 | 357 284! 437 | 252 168 {179 | 32 | 42 | 32

180 16 261 La3| 234 3191 373| 383 | 280| 353| 202| 287! 275{ 318 | 364 ! 354 | uh2| sh6| 613 33| 7| 84 | & | 11 | 321 21

190 23| 7| 233 107] 183 2ho| 223 266| 2| 28| Z70| 219! 266 | 536 1 562 | 798| €99 839 | 351 68 (126 | 63 | A | 11| 11l 1

200 17 05| 126) 76} 123 04| 124 170| 0L} 5] 133| 186 248 | 248 | 396| 476 540 395 | =225 6! L2 | 53 | 32
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220 5| 62] 32| | 16| 471 3 LI 36} 35) 20| 25| B 41| 1 71 11} 25

230 5| 16 5/ 20 5 20f 1 4 26 7i " 23

2,0 5/ 5| 1} 1 11 11

250 5{ 10 5

260 5

Total | 12L6| 2663 3773 | k3| 2127 | 2367 | 2405 | 2607 | 2510 2101 | 2041| 2167 | 2533 | 3260 {3347 | 3677 | 3693 | 3970 | 1659 | 1198 | 685 | 390 | 233 | 160 | 74| 33| o} 1| 1

Total time:~ 53,359 minutes
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TARLE 8

Alreraft characteristics assumed

Wing area

Mean chord
Aspect ratio

963 12
10.22 tt
9.2

Slope of the 1ift curve constant at 4,60/radian

TABLE 9

Representative values of acceleration/gust speed conversion factors { ft/sec/g)

Altitude (feet)

Indicated Sea level | 10,000 | 20,000 [ 30,000

knots Afrcraft weight (1,000 1b)

o | 45 | s0f s5 | so | 45| 50 | s5 | k| 45 | s | s | o | ks | so| 55
100 59.7 | 65.6 | 71.0| 78.2 | 56.8 | 62.4| 67.6 | Thli | Sht| 4 | 66.1] 71.0 | 51.6 | 58.1 | 63.1| 69.k
120 19.9 | 547 | P.2| €5.1| L7 | 52.00 6.4 | €20 | 45.1| 49.5 | 55.1| 5.2 | 43.0 | 8.4 | 26| 57.8
%o 42,8 | 46.9 | 50.8| 55.8 | 40.6 | Mh5| 48,3 | 53.2 | 38.6| k2 | 4.2 50.7 | 36.9 | 415 | 451 19.6
160 57.4 | L1.0 | Lh) 489 | 35.5 | 3.0 42,3 | L6.5 | 33.8] 7.1 | L1353 | Lhh | 323 | 36.3 | P4 L34
180 33.3 | 36.5 | 3.5 L34 | 316 | 36| 37.6 | 413 | 30.1] 33.0 | 36.7| .4 | 287 | 323 | 35.1| 3.6
200 2.9 | 328 | 35.5| 39.1| 284 | 312 33.8 | 37.2| 2.1 2.7 | 3.0| 35.5| 5.8 | 2.0 | 31.5] 3.7
220 27.2 | 2.8 | 32.3| 355 | 25.8 | 28.3| 30.7 | 33.8 | 24.6] 27.0 | 30.0 | 32.3 | 23,5 | 2.4 | 87| 31.5
20 %9 | 2.3 | 26| 326 | 237 | 26,0| 28.2 | 31,0 225 B8 | 25| 2.6 | 21,5 | 2.1 | 26.3] 289
260 25,0 | 25.2 | 27.3| 30.1| 21,9 | 24,0| 26,0 | 28.6 | 20.8] 229 | 254 | 2.3 | 19.8 | 223 | 43| 26.7
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TABLE 12

Frequency of gusts exceeding 10 ft/sec in each month during climb and descent

{0~9,500 fu)
Jan. Feb. Mar, Apr. May June July Aug. Sept. | Oct. Nov. Dee.
Number of 10 ft/sec gusts 55 173 228 2n 358 208 Lihy 527 299 660 136 607
Recorded nileage 7547 1062 | 2180 | 3754 | 3412 | 3664 | 4337 | 5898 | 3498 | 5581 1 62011 L4030

Average miles per gust count | 13.6 6.1 9.6 13.6 9.5 7.6 10.9 11.2 11.7 8.5 4.4 6.6

TABLE 13

Frequency of gusts exceeding 10 ft/sec in each month during cruise
{ 17,500~25,500 1t)

Jan, | Feb. Mar. Apr. May June July Aug., | Sept. Oct. Nov. Dec.

Number of 10 ft/sec gusts 35 2 6 26 70 L5 365 282 L 92 11 57

Recorded mileage 47089 | L4592 14881 | 23120 | 23110 | 24308 | 31968 | bLaouh | 22594 | 30652 | 52167 | 25060

Aversge miles per gust count 1346 | 2296 24480 830 330 540 88 153 5648 333 457 Lo
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