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Counting accelerometer records representing 1 million miles were 
obtained from Suger Constellation aircraft flyin g between Australia and the 
U.K. and across the Pacific Ocean and Indian Ocean, 

It is shov~~ that, below 10,000 ft the frecpency of gists exceeding 
10 ft/scc is less over sea than ovx land by a factor of at least 2. There 
is evidence from four geographical regions of a single fluctuation of 
turbulence during the year, the @haso depending to some extent on longitude. 
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I 1?3TROXJCTION 

. 

To supplement existing knowledge of atmospheric gusts, counting 
accelerometers were carried in Super Constellation aircraft flying from 
Australia to the U.K. and across the Pacific and Indian Oceans. The 
acceleration records obtained represent 1 million miles and the cruising 
altitude range is 40,000 ft to 20,000 ft. 

This note discusses the variation in gust frequency with altitude, 
geography and season and comparison is made with previous data. 

Counting accelerometer Sk.4 instruments were installed in two aircraft 
near the centre of gravity. The accelerometer records the number of times 
that each of a series of upward and downward accelerations is exceeded. At 
intervals of time an automatic observer recorded the counts, airspeed, alti- 
tude and time. The time interval was 3.5 minutes below about 42,000 ft and 
9 minutes above this altitude. To exclude ground accelerations from the 
records the accelerometer was switched on automatically when the airspeed 
exceeded 130 knots luring take-off and switched off when airspeed was reduced 
below 105 knots during landing. 

3 TEST CONDETIONS 

The aircraft carrying the instruments flew normal passenger services 
mainly batxeen Australia and the U.K. and across the Pacific Ocean and 
Indian Ocean, The routes are detailed in Fig.1. 

The distribution of recording time throughout the year is shown in 
Fig.3. The distribution is rather uneven owing to variable utilisation of 
the aircraft and periods of instrument unserviceability but records were 
obtained in all months of the year. 

Table I gives the time spent at different speeds and heights during 
climb and descent and during cruise, from which it is seen that most of the 
cruise was between 10,000 ft and 19,000 f-t and tended to be at 11,000 f't or 
17,000 ft. 

The total counts of acceleration obtained at each flight condition and 
in each altitude band are given in Table 2, The counts are subdivided into 
geographical regions in Table 3 for climb and descent and Table lb for cruise, 

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

5 XJST ANALYSIS 

The acceleration data were processed and converted to gust information 
by a standard methodl. Khen interpreting the accelerations recorded during 
the first interval of a flight the final airspeed and half the final alti- 
tude of t'ne interval were assumed to be representative of the whole interval. 
Similarly for the last interval of a flight the initial speed and half the 
initial altitude of the interval are assumed. The aircraft characteristics 
are stated in Table 5 and representative acceleration/gust conversion factors 
are given in Table 6. 

The estimated gust counts from all routes are given in Table 7 and for 
each geographical region in Table 8 for climb and descent and in Table 9 for 
cruise. 
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The counts of gu t s s exceeding IO ft/sec during each month of the year 
are given in Table IO. 

6 OvERAL7; VARIATIOK OF GUST F'REQUEKY WITU ALTITUDE 

Ve will first consider Fig.4 which shows the observed frequency of 
gusts greater than IO ft/sec E. A.S. at different altitudes based on the com- 
bined data from all routes. The vertical line though each observation 
shows the 95% confidence limits calculated by the method of Ref.2. The 
lower straight line is added for comparison and represents a general estimate 
of atmospheric turbulence3 which was based on earlier data, comparable in 
quantity to the present data but from routes differing geographically. The 
routes from which the present data and the previous data mere obtained are 
shown in Pig.1 and 2 respectively. 

The observations show a general decrease in the numbers of gusts with 
altitude up to 16,000 ft. Above 8,000 ft, i.e. at cruising altitudes, the 
climb and descent curve and the cruise curve are similar and show the 
characteristic effects of the pilot's discretion in the choice of cruising 
altitude with regard to weather oonditions4. Firstly, the turbulence 
recorded is always less during cruise than during climb and descent, which 
indicates that the pilot is able more easily to avoid turbulence during the 
oruise either by climbing or by a change of course. Secondly, despite 
evidence5 of a steady exponential decrease in gust frequency with altitude up 
to 25,000 ft on t'Jidespread routes there is a progressive reduction in the 
slope of the present curves with altitude which confirms that cruising alti- 
tude increases progressively with worsening weather conditions. The 
difference between the cruise curve and the climb and descent curve (ratio 
about 1.4) is less marked than that previously found for the Viking (ratio 
about 2.0) wnich cruised below 10,000 ft. Possibly this is related to the 
different cruising altitudes of the aircraft, the incentive to alter cruising 
height being less frequent at high altitudes than at low altitudes, 

To estimate the average atmospheric turbulence during the recording 
period it is necessary to consider first the observations during climb and 
descent at altitudes below the cruising range as these records represent the 
average of all the weather conditions which were encountered. 

Starting at low altitude there are four observations below 2,000 ft 
representing different flight conditions. Point I consists of recordings 
immediately after take-off, point 2 immediately before larding, point 3 all 
other occasions of climb and descent below 1,500 ft and point 4 the few 
occasions which are nominally cruise below 1,500 ft but more accurately stand 
off and landing approach. These four observations were therefore obtained 
overland mainly below 1,500 ft in all weather and they are in fact in good 
agreement in view of the assumptions about aircraft speed during take off and 
landing defined in Section 5. 

Points 5, 6 and 7 viere obtained during climb and descent between 
1,500 ft and 7,500 ft in all weather and represent average atillospheric condi- 
tions excluding any sideways avoidance of turbulence by the pilot. These 
points have equal statistical significance and the straight line drawn 
through them is the best estimate of average conditions on the routes covered 
by the present data. The extension of this line intersects the cruise curve 
at about 16,000 ft which is aQproximatelJ the mean cruising altitude and 
corresponds to the least value of recorded gust frequency. Below 16,000 ft 
the turbulence encountered during cruise was generally less than the average 
atmospheric conditions and above 16,000 ft conditions were worse than 
average. 
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The group of low altitude observations discussed earlier have not been 
considered in the determination of the line representing average conditions 
as they are far from representative of' conditions at low altitude throughout 
the routes, LLthctug~ about two thirds of the present data are from aversea, 
the low altitude data were recorded mainly overland, where conditions are 
more severe than oversea6,7. 

By comparison with the previous estimate the suggested average for the 
present data is very similar in rate of decrease with altitude but is less 
severe by a factor of 2. This difference may we!.lbe accounted for by the 
difference in routes over which the two sets of data were obtained, in 
particular, the predorriinance of overland flying in the previous data and 
oversea flying in the present data, In this connecl;ion it is significant 
that the present low altitude observations are slightly more severe than the 
previous estimfite. 

The data discussed in the previous section are now divided into 
arbitrary geographical regions which are defined in 3'ig.l. Of these 7 
regions, 5 contain sufficient data for a useful comparison and will be called 
Facific Ocean, Indian Ocean, Australia, Par East and Europe. The variation 
of gust frequency with altitude is shown 
Pigs.5 to 9. 

separately for each region in 

Pacific Ocean 

Over the Pacific 0cca.n (Pig.5) the turbulence variation with altitude 
fol!.ows the ccnventional pattern already seen for all routes combined. 
Turbulence near the ground agree s well vsith the previous estimate and the 
line through tile three climb and descent points indicates that tur'oulence 
over sea is abo::t half tine value over land below 5,000 ft. 

There are two cruising bands of altitude, in 7ghich equal mileages were 
flown, centred on 12,000 ft and 17,000 ft. The line through the cruise 
observations is curved due to xeather discrimination and is intersected by 
the climb and descent line at about 17,000 ft. Below this altitude choice 
of altitude witlL regard to weather conditions reduced the turbulence experi- 
enced during t&e cruise. Tile greatest alleviation is a factor of about 15. 

&IS tralia 

The recordings from internal routes in Australia are conventional. 
Observations near the ground and in climb and descent are homogeneous, as all 
the flying is over land, and they agree well with previous experience. It 
should be remarked that the turbulence observed at about 2,000 ft is 
unexr;ec ~cdly small. Cruising is in two broad altitude bands centred on 
11,000 rt and 16,000 ft and choice of altitude with regard to weather condi- 
tions has caused a reduction in t!xe turbulence experienced below about 
?7,c'OO ft by a factor of 2, 

Only a sxnll ammnt of data was obtained from the so-called European 
sectors. The sectors lie over land an1 sea to an equal extent and conse- 
quently the observation near the ground is more severe than the average line 
based on the txo lowest climb and descent points. This line indicates that 
average conditions were about ,171. times less severe than the previous estimate. 
There are two cruising band:; of aititude ten-Lrod on 10,000 ft and 17,000 f-t 
and the climb and descent line intersects t:he cruise curve at about 48,000 ft. 
Below 18,000 St, discrimination v:ith regard to weather conditions has resulted 
in the turbulence recorded being about I& times less than average. 
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Indie Ocean 

The value of turbulence recorded near the ground is in fairly good 
agreement with the previous es-t&ate but as all sectors in this region are 
over sea the average line based on the three climb and descent points is less 
severe by a factor of Ik The cruise is in two altitude bands centred on 
40,000 ft and 17,000 ft, the upper band containing most of the mileage. The 
observations made during cruise are unusual in two respects. Tirstly, the 
turbulence during cruise is apparently a maximum at about the mean cruising 
altitude, not a minimum as is usual. Secondly, the climb and descent line 
intersects the cruise curve in the region of 14,000 ft (dependent on the 
drawing of the cruise curve) and the majority of the cruising mileage was 
recorded above 14,000 ft, that is, during turbulence of more than average 
severity. These peculiarities lead to the conclusion that cruising altitude 
was chosen, not with the object of avoiding turbulence, but with another 
motive, presumably fuel economy, which resulted incidentally in greater than 
average turbulence being encountered, 

Far East 

In this region there is a considerable amount of flying over sea with 
the result that the line through the climb and descent points is more severe 
than the observation near the ground by a factor of about 3. The value near 
the ground is in agreement with the previous estimate. Cruising is in two 
broad altitude bands centred on 11,000 f-t and 16,000 ft. The observations 
made during cruise although giving a cruise curve of conventional shape indi- 
cating weather discrimination, show a similar peculiarity to those from the 
Indian Ocean in that tie general level of turbulence during cruise is more 
severe than is indicated by the climb and descent line. 

It is perhaps significant that both the cruise curve and the low alti- 
tude observation are well positioned relative to the previous estimate. 

8 V,@?IATIO?J OF GUST ~FREQJEXCY XITH GUST S?FXD 

Figs.10 and II show the variation of gust frequency with gust speed at 
different altitudes during cruise and during climb and descent. The varia- 
tion of gust frequency is similar for upgusts and downgusts being approxi- 
mately exponential at small gust speeds, the slope tending to decrease at 
higher gust speeds. The upgust and downgust distributions are approtimately 
symmetrical about the zero gust speed datum but in some instances the upgust 
slope is steeper than the downgust slope which suggests that large upgusts 
were enoountered less frequently than large downgusts relative to the 
frequency of small gusts. Also, if the low speed ends of the upgust and 
downgust curves are produced back to meet, 
0 to +3 ft/sec, 

the apparent datum varies from 
This apparent movement of the datum is generally related to 

the steepening of the upgust slope relative to the downgust slope but the 
relation between these variations and the flight condition, weather condi- 
tion or aerodynamic characteristics of the aeroplane is obscure. It is 
clear, hovx.vel , that the climb and descent curves are generally steeper than 
the cruise curves from which it follows that during cruise large gusts were 
encountered in greater numbers relative to small gusts than during climb and 
descent. 

Fig. 12 shows a regional comparison of the variation of gust frequency 
with gust speed during cruise in two altitude bands, Relative to the 
frequency of small gusts, large gusts a32 most frequent over the Pacific 
Ocean and Indian Ocean and least-over Australia. The distribution over the 
Far East region which contains land and sea, is intermediate. 
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9 SZXSOKAL VARIATION OF GUST FPZEQUXNCY 

To investigate seasonal variation of gust frequency the records from 
each region are grouped in months. From 4 regions there are sufficient 
data to indicate the seasonal variation, To ensure that the records from 
each region are comparable and of 
significant, cruising records 

sufficient quantity to m&e the comparison 
from the altitude range 9,500 ft to 17,500 ft 

are chosen, representing 805 of the cruise mileage. The variation of 
IO ft/sec gust frequency throughout the year is shown in Table IO and Fig.13 
for each region. Observations which contain small gust counts or low mile- 
age are not plotted. 

In all regions the variation may be interpreted broadly as a single 
fluctuation during the year about the mean value. This resembles a previous 
result& from Viking aircraft over Europe wizich gave some evidence of a single 
fluctuation during the year. The outstanding difference between the 
regional variations is the phase of the variation To determine the phase 
differences and to illustrate similarity of tile curves they have been super- 
imposed in phase on a common mean value in Fig.14. Disregarding fluctua- 
tions in the curves the magnitude of the variation is of tine same order in 
all regions and the ratio of maximum to minimum average monthly values is 
about 4 to 1. The variation of turbulence during the year, above 10,000 ft, 
is therefore to a large extent independent of surface features. 

It is seen that the phase of the variation prcgresses in the same sense 
as the longitudes of the regions and it in 0 conceivable that this variation 
could be caused by an eastward movement of a global distribution of turbu- 
lence with a period of one year. It should be noted also that the average 
latitudes of the routes compared lie within the Tropics. 

10 GOKCLUsIOI% 

at the 
The frequency oi' gusts Greater than IO ft/sec decreases with altitude 

same proportionate rate as found previously but is smaller by a factor 
of 2 due to a -preponderance of oversea routes in the present data. 

The frequency of IO ft/sec gusts is generally less over sea s.?ctors than 
over land sectors. It is estimated that at altitudes less than 10,000 ft the 
gust frequency is 2 times less over the Pacific Ocean and 4 times less over 
the Indian Ocean than over land sectors. Over these sea sectors, however, 
large gusts were encountered more frequently in relation to small gusts than 
over land sectors. 

In all regions during the year there is a single fluctuation of average 
monthly gu3t frequency of total amplitude about 4 tci I. Maximum turbulence 
occurs in the six months centred roughly on June for the Indian Ocean and Far 
lilast, Nove,mber for Australia and January for the Pacific Ocean. 
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Wing area 1650 ft* 

Mean chord 13.41 ft 

Aspect ratio 9.17 

Slope of the lift cLord constant at &..qj/radian 

Representative values of acceleratiq;? gust speed 

Convcrs-ion factors 

Gust speed/acceleration in ft/sec/g 

Sea level 10,000 ft 20,oco ft 
Indicated. I 
airspeed Aircraft weight (2 1,000 lb) 

knots + 1 
90 110 130 90 110 130 30 I IO 130 

100 73.33 67.35 100.63 59.68 3;.oG 35.75 a.31 79.15 31.35 
120 61.16 72.73 83.86 58.05 6y.2.1 79.79 55.25 65.36 76.13 
140 52.42 62.40 71.82 49.77 59.33 58.39 47.36 56.54 65.25 
IGO 45.87 54.60 62.90 43.55 5-i.Y-i 57.84- 4-l.44 49.47 57.10 
-180 40.77 48.53 55.91 38.71 46.~4 53.13 36.84 43.97 50.75 
200 36.69 43.68 50.32 34.e4 41.53 47.87 33.15 39.57 45.68 
220 33.36 39.71 45.74 31.67 37.75 43.52 30.14 35.98 41.52 
240 30.58 36.40 41.93 29.03 34.61 39.90 27.63 32.98 38.06 
260 28.22 33.60 ~38.70 26.80 31.74 36.83 25.50 130.44 35.14 
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Gust counts during ~lirrb and descent in each region 
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