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J.R. Heath-Smith, B.So.(Eng) 

Counting Acaelerometer records were obtained from Viscount aimraft 

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 turblilence below 10,000 St during the year proved to 

be irregular and the maximum variation between monthly averages was aoout 

3 to I. At about 20,000 ft there was a single aqnual fluotuation with a 

maximum variation of the order of 25 to I and maximum intensity during the 

Suaxner months. 
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1 INTRODUCTI~ 

To obtain information about the atmospheric gusts encountered on 
European airline routes, Counting Accelerometer s were carried by Visoount 
aircraft operated by British European Airways and Aer Zingus, The records 
obtained represent 600,000 miles during the period October I953 to February 
?Y% 

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

2 INSI!RU%ENTATION 

At different times during the recording period Counting Accelerometers 
Mks.2 and 4 were installed in the aircraft 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 Uk.4 instrument was 
4. minutes below 12,500 ft and 12 minutes above this altitude. The instruments 
differed also in the method of recor&i.ng durix take-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 airspeed exooeded 125 knots du&ng take-off and switched 
Off when airspeed ura s reduced below 110 knots during landing. 

3 TESL! CONDITIONS 

The aircraft carrying the instruments flew normal passenger services on 
European routes. The distribution of recording time throughout the year is 
shown in Pig. I . There is some unevenness in the BEA distribution owing to 
variable utilisation of the aircraft 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 I to 4 give details of the time spent at different altitudes and 
airspeeds during cruise and duri,ng climb and descent. It is seen that most of 
the BEA ortise was between 17,000 ft and 25,000 ft. Aer Lingus cruise tended 
to be lower. 

4 DATA 

The total counts of acoeleration 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 
eaoh flight are not given as they are oontaminated with ground accelerations. 
The recording time is included, however, in the flight plan. 

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

5 GULST 44ruLYsIs 

The acceleration data were processed and converted to gust information 
by a standard methodI. When interpreting the accelerations recorded during 
the fjrst interval of a flight the final airspeed and half 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 airaaft 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 II for EBA aircraft 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 IBA aircraft. The vertical line 
through each observation indicates the 35% 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 turbulence5 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 Lltitude up to 15,000 ft. 

The flight plans show that there was little cruising below 14,000 ft 
and therefore points 10 to 13 represent virtually all cruising conditions. 
Cruise observations at lower altitudes probably represent test flying and 
oooasional stand-off conditions during the descent on operational flights. 
The remaining observations, numbered ? to 3 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 f't 
and, therefore, climb and descent v;as 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 ft 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 introduoed by this assump- 
tion is to under estimate the turbulence. 

Point 3 represents that part of the climb and descent below about 
3,500 ft 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 abnormally low rate of climb and descent and this point is 
therefore of little value in determining average conditions. 

Point 9 represents climb 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 ft it follows that the choice of cruising altitude within the band 
~4,000~29,000 ft was influenced by weather conditions, the highest altitudes 
corresponding with the most turbulent weather. 
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If the climb 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 
crtise was under conditions of more than average turbulence. 

From 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 ez@anations; that 
favourable tailwinds were sought after or that the aircraft 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 Pig.3. Again the points numbered I and 2 con2;ain all intervals 3mmediatel.y 
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.K. 

7 VARIATIOI~ OF G7%T FREQUEWY WJTII GUST SPEED 

Fig .4 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 ft/sec. Generally the slope has been extended linearly for gusts 
greater th;w about I5 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 syxrmetrical about the zero gust speed 
datum. The results from both types of instrument show a tendency for a gust 
speed of IO 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 estjmate which indicates fewer large gusts in 
relation to small gusts, with the sole exception 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 GIJST l3lGEl~~OY 

For investigation of seasonal variation the records are examined in two 
grows; those obtained during climb and descent below 9,500 ft and those 
during cruise between 17,500 and 25,500 ft. Tables 12 and I3 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 Fig.6, the 95s 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 are uniformly small and the &Limb and descent records 
represent average weather conditions. 
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The result at higher altitudes is a less reliable estimate of average 
atmospherio oonditions as the oonfidenoe limits are wide and, as it has been 
shown, during cruise the altitude is determined to some degree by weather 
oonditfons. Nevertheless, the variation appears as approximately a single 
fluotuation during the year of a sinusoidal nature with a maximum difference 
between months of about 25 to 1 and with maximum turbulenoe during the 
Summermonths. 

A s;iso;llar variation has been found previously in data from below 10,000 ft 
over Europ$c and from the range 9,500~17,500 ft in the tropios5 but in neither 
case was so pronounoed as the variation in the present data which are from 
higher altitudes (17,500-25,500 ft) and it seems likely that this seasonal 

. 

effeot is due to variation in the number of oumulo-nimbus formations as these 
are the predominant souroe of turbulence at the higher altitudes. This idea 
is strengthened by the ooincidenoe of the most turbulent period and the season 
of thunderstorms. 

9 CONCLUSIONS 

Gust reoords obtained from Viscount airoraft during 600,000 miles flying 
on European routes confirm previous evidence of a progressive reduction in the 
number of gusts with increasing altitude. The variation with altitude is 
approxim&ely exponential but is more rapid than this below 5,000 ft. 

There are slightly more upgusts than downgusts with speeds in excess of 
10 ft/seo. 

The number of gusts greater than IO 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 frequenoy 
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 fluotuation with a maximum 
variation of the order of 25 to 1 and m intensity during the Scanner 
months. 
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Indicated 
airspeed 
kll0t.S 

Zoo 
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I40 
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Ah-craft characterfstics assumed 

ufng area 963 it* 

Mean chord 10.22 it 

Aspect ratio 9.2 
slope or the lift curve constant at 4.6Ohadian 

TdBLE 9 

Representative values ot acceleration/gust speed conYerslon iactors (ft/sec/g) 
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TA&E 12 

Frequency; of gusts exceeding 10 ft/sec in eech month during clfm5 and descent 
w3.500 it) 

iitmbef 0r 10 ftlsec gusts 

TASLE 13 

Frequency of gusts exceeding 10 rtlsec fn each month during cruise 
(~7.v25.Ijoo rt) v 

I J8l-i. Feb. fpar. Apr. mf June July Aug. Sept. Oct. NOV. Dec. 

Number of 10 itdsec gusts 3.5 2 6 26 70 45 365 282 4 92 174 57 

Recorded mileage 47@?9 4592’ 14881 23123 23110 2308 31968 42944 22594 30652 52167 2,960 

-- Average miles per gust count Wi.6 2296 2480 890 330 540 881 153 56s 333 45 440 .-- 
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