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1 INTRODUCTICN

1414 For many years, counting accelerometers have been fitted in a number of
passenger transport aircraft and a body of operationsl data covering over
19000 hours or about 5 000 00O miles has been built ug.

Since, at the present time, the majority of aircraft carry cloud warning
radar and recording on aircraft without such aids has now viritually ceased,
this seems a suitable o portunity to summarize the earlier data, some of which

have been re-anslysed by more up to date methods.

1.2 It should perhaps be emphasized that the data reflect the operastional
procedures of the aircraft and do not purport to be a study of properties of
the atwmosphsre. For example, many aircraft exhibit a minimum frequency of
occurrence of bumps near the nominal cruising altitude. This arises from
the fact that in calm corditions, cruising tekes place at the nominal height,
while when it is rough, the pilot changes eltitude in an attempt to evoid the
turbulence. Cruising at altitudes other than the nominal cruising height is
thus biased towards turbulent conditions.  Again, it is apparent from the
data that manceuvre loads contribute to the observed accelerations near tne
ground. However, the results are presented as typical of passenger transport

aircraft operations.

1.3 Differences in the gust freguency distribution with altitude are fairly
small and are often influenced by operational precedurss; previously these
differences have been neglected but an attempt is mede here to examine such

variation in more detail.

The intensity of turbulence encountered by operational aircraft is

compared with that observed by research aircraft in storms and cleer air.

2 INSTRUMENTATION

2.1 The data presented here were all obtained froa counting accelerometer
recards from passenger transport aircraft, the instruments being fitted close

to the aircraft centre of gravity.

The counting accelcrometer1 is en instrument which records by counters
the nurber of times given levels of normel acceleration are exceeded. These
accelerations may be either up or down and a count is made each time the
acceleration exceeds a given value and then returns by a given amount towards
its mean value. The counters, together with instruzents rscording aircraft
height and speed and the time, are photographed at given intervals of time,

ususlly of e few minutes durstion.



3 DATL ANLIYSTS
Se1 In order to make comparisons betveen aircraft, the recorded accelerstions

]

. A - <
are interpreted as gust velocitics using a method based on Zbrozel's work .
Briefly, a2 standard gust profile is assumed, ramp shaped with a 100 £t build up
to the maxinmum, and the response of the aircraft calculated assuming that it is

rigid and does not pitch, account being taken of the unsteady 1if't functions.

2.2 The data are divided into different flight conditions and altitude ranges

and the results are presented in Tables 6 - 17, which have been extracted from
o ean 39k55,6,7,8,9 - . 10,171,112 .

work by Heath-3mith and Judy Aplin . All gust velocities

are expressed in eguivelent airspeeds. These tables represent the basic
informetion on vhich this summary is based.

A list of aircraft types with their characteristics, main cruising condi-
tions and the gust veloclity required ‘o produce a normal accelerstion of 1g in

mean crulsing conditions are given in Teble 1.

DISCUSS ION OF RTSULTS

=
s

Lo As o first step in classifying the data the numbers of gusts in each
altitude band for each flight condition have been sumied and the results given
in Tables 2 and 3. The "Initiel Climb™ and "Finel Descent" conditions of
Tables £ ~ 17 are slightly more severe than the renainder of the ¢limb and
descent, but not sufficiently so to require aifferent treatment, and, in fact,
being a part of the climb and descent have been included as such.

Table 4 has been prepared to examine any change in gust distriouticon with

altitude regardless of {light condition.

4.2 It is customary in studics of this kind to add the numbers of up and down
gusts of equsl magnitude. It is true that the distributions of up and down
gusts are feirly similar in shape and that in any casc this 1s a convenient

procedure in fatigue cpplicaetions but before taking such o step it is worth-

vhile to look at what differences there are.

The total numbers of gusts of Table 4 are plotied on a logarithmic scale
against gust veloclty in Fig.1. Below gust vclocitics of about 30 fi/sec the
shepes of the curves are practicclly identical, the differences in frequency
being accountsd for by a shift of the origin amounting to about C.7 ft/sec.

With the conversion factors given in Table 1, this corresponds to azbout C.02g

1

for most of the flying and is, no doubt, due to some extent to ths presence of

positive

)

small manceuvring losds which influence the results and rroduce



bias, manoeuvres producing positive accelerations being by far the more fre-
1 .
quent. However, Armne Burns b has shown that there are also other reasons for

expecting such a bias.

Above gust velocities of about 30 ft/sec, the ratio of up to down gusts
increases; the numbers involved here are smaller and the increased difference
is probably due to a few large manoeuvres which are, of course, interpreted in

terms of gusts.

Le3 As might be expected, the zero shif't is not constant with altitude but
is greatest near the ground where most manoceuvring tekes place, either in turn-
ing on to course after take-off, or in circling when waeiting to land. To show
this effect more clearly the ratio of the number of up gusts to down gusts is

given in the following table and shown plotted in Fig.2.

n

Ratio of number of up gusts vo_number of down gusts

for gusts greater than 10 ft/sec

Mean altitude £t | Observed ratio Ra:;;i;?i;;l?:jiuizom
820 2,227 2,230
25,0 1.892 1,864
4530 1.612 | 1,62l
7940 1.437 1.4.30
11240 1.270 16330
15760 1,379 1.251
15230 0.572 1.211
23890 1.039 1.175
34590 1. 281 1.125
1

A useful empirical expression for the ratio is (h + 7700)/th + 3000) where
h is the height in feet.

Lol  As mentioned earlier, for most practical purposes it is convenient to sum
the up and down gusts of equal magnitudes and this is done in Tables 2A to LA.
Fig.3 shows the number of gusts per mile greater than 10 ft/sec for cruise and

for climb and descent. The values are tabulated overleaf,



ratio of one of the geometrical progressions. The cases in which it proved
satisfactory, however, were sufficient to show that the intensity parameter for
the light component had a value of about 2.5 ft/sec near the ground falling off
to gbout 1.5 ft/sec at about 10000 £t and then remaining fairly constant.

By assuming this to be exactly the case and then fitting the remaining
three parameters by moments, a satisfactory and generally consistent set of
distributions was obtained. The resulting fitted values compared with the
original data are given in Table 5, and it will be seen that the procedure
adopted gives satisfactory agreement. (Since above 29500 ft all the data are from
Comet aircraeft and the numbsr of gusts greater than 7§ ft/sec for this aircraft
and altitude are determined without recourse %to extrapolation, this value has

been included. ) The parameters so determined are as follows:

Altitude ay 35 A A,
band ft ft/sec | ft/sec | per mile per mile

e

0-1500 5357 2,418 16924, =2 | 1.967, -1
1500-3500 3. 922 2.256 | 3,527, =2 | 1.363, =1
3500-5500 3.393 2.047 3.722, =2 | 5.2,2, =2
5500-9500 34525 1.706 16796, =2 | 1,015, =2
G500-13500 | 3,982 1500 7,679, =3 | 3.347, -3

13500-17500 | 4,155 1.500 | 3.457, =3 | 2.295, -3
17500-21500 | 4.685 1.500 3.623, =3 | 3.243, =3
21500-29500 | 3,871 1.500 2,548, =3 | 2,256, =3
| Over 29500 3.778 1.500 8,045, =4 | 3.467, =k

These intensity parameters are shown plotted in Fig.l. It seems likely
that the rapid rise in the intensity of the severe compcnent near the ground is,
in fact, due to a manoeuvring contribution, and this may also be true of the

more gradual increase in that of the l1ight component.

5.2 The proportion in which these components are encountered may depend on
flight condition. Accordingly, keeping the intensity parameters already
determined, values of A1 and A2 for climb and descent and for crulse are deter-

mined from the data of Tables 2A and 3A and are as follows:



- Cruise
Altitude

hand Tt ! A ! A A A

C=-1500 2,108, =2 | 3.042, =1 | 1.205, ~2 | 4.340, -1
1500~3500 4,867, =2 | 1.617, -1 | 1.820, -2 | 1.0, -1

3500-5500 | 4aCH, <2 | 6,040, =2 | 2.3Ch, -2 | 3.602, -2
5500=950G £.925, -2 | 1,922, =2 | 1,293, =2 | 6.116, =3
550013500 | 1.191, =2 | 6.716, =3 | 7.001, =3 | 2,807, -3
1350017500 | 5,038, =3 | Z.682, =3 | 3.10L, =3 | 1.389, =3
| 17500-215C0 | 8.518, - E 2,827, =3 | 2,081, =3 | 2,167, =3
24500-25500 | 2,296, =3 | 2,084, =3 | £.635, =3 | 2.316, -3
Over 29500 | 5727, =i | Z.616, -k | 8593, =k | 3.1, <

These are shown plotbted in Figse.) and e The two fipures are similar

in nature and in each both compoients show a gerersl decrease witih increasirg
altitude above 5000 f+t. The sevcere componznut also falls off markedly near

the ground having & meximum at alout 20CC to 50C0 ft.

6 THE NATURE OF THb TUO0 CCOMPONHETS OF TURBULENCE

€el t is often assumed that the severe component of twrbulence is assoclated

with strong convective activiiy in cumulus or cumulo-nimbus cloud and described

[l

-

as "storm" turbulence and the light comvoneut referred

o

X

to as "non storm"

[9)]

15
turbulence 3,

Do these two components iu fact ocour oan dilferent occasions acscciated

with differcnt meteorclogical cordiions or do they oceuwr in usscciation

6.2 It nos alrealy been noted that alrcraft encounter less turbulense in
cruice than in climb and desceut. If this difference is primarily due to the
avoidance of "stora" turbulence the prepcrtiors in which the components ere
encourntered in cruise and in climb and Jescent will differ and wiil be

indicated in the Teble in Fura. 5.2 by a change in ratic of 4, to A_, the

4 -3

i P
value of A1/£O teing smaller in crulsc. The valuc of this ratio for the tw
fligkt conditions is shown plotted in Fige.7. Thore is 1ittle inddication that

a
the severe component is the morc easily aveided and for much of +the flying the
reverse scems to ve the case. I3 ig @ifficult to see why this should be so

unless possibly it is cauced by autouvilot hunting which is somctimes observed
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. . 16 ; . .
on continuous trace records of acceleration . On the wnole Fig.7 would

suggest that the two components occur in association.

6.3 A number of thunderstorm investigations have been described in which
acceleration or gust distributions have been given and these show no evidence
of two components being present and are generally well fitted by exponential
distributions. The values of the intensity parameter obtained in these
investigations are compared below with those of the severe component of the

counting accelerometer data.

A paper by R. F. Jones17 gives statistical details of accelerations
encountered by a Spitfire aircraft traversing cumulus and cumulo-nimbus clouds
at different heights.

Plots of the logarithms off the nunber of accelerations against magnitude
of acceleration down to the lowest value of 0.1g often show marked curvature
and, in fact, are well fitted by the family of distributions suggested by the
author1 . However, such fitting makes a comparison with the present data
difficult. It is found that an exponential distribution can be satisfactorily
fitted for accelerations above C.3g and as this corresponds to a gust velocity
of about 8 or 9 ft/sec which is near the lower limit of the counting accelero-
meter data, this has been considered adequate for purposes of comparison. The
intensity parameter is obtained in terms of acceleration and then converted to
a gust velocity by Zbrozek's methcd.

Gust frequency distributions in thunderstorms have also been obtained by

19

Tolefson © based on the series of thunderstorm investigations made in Florida
and Oklahoma. The gust velocities given were obtained form the accelerations
using Pratt and Walker'szo method. After fitting an exponential to each of
the distributions given by Tolefson, a correction has therefore been made to
the intensity parameter to obtain the value corresponding to a factor given by

Zbrozek's method.

Finally, data given by Wioker21 for flying in thurderstorms have also
been analysed. These were mainly at high altitude and have been combined to
give a single value of intensity at 34200 ft. An intensity parameter has been
calculated by fitting an exponential distribution to values over 10 ft/sec and

the perameter then corrected to the Zbrozek value.

The following Table summarises these results and the values showmn are
plotted in Fig.8.

<)
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e T ‘
o . Tieight | Intensity perzaeter
Boures £t l ft/3ec

Counting accelero- 820 5. 36
"' meter data from 240 2.92
passenger trausport 453C 3.39
aircraft 7940 2. 53
11250 | 3,98
15760 | L.16
, 1323C Lo 63
23550 3,87
34590 3,78

| R 7. Jones' ! | 5000 3.62 |
| 10000 2.0
45000 3692

P 20000 b 31 |

| 25000 Lo 50 |

20000 ! 55k !

35000 | Lo Gy ‘
: LOCOO 2,90
! Tolefsonj9 75CC f 3.99
1941 =42 12500 5¢56
17500 .26
22500 5.66
i 27500 5639
32000 5,05
1946 €000 be73
i 11000 Le 8l
, 16000 5ech
| 21000 1 5.10
| 26000 ; bo 73
L 1547 [ 5000 5002
{ | 10000 54 21
§ b 45000 5. €1
: , 20000 . 5019
‘ | 2R0CO 5.62

i i e 1
| vicker” ;34200 L 32

¢ '

Tue values of intensity parsmeter Trom tne thunderstorm investigaticns
give reasonably cornsistent velues. Generally specking, they are about 30i
higher ti.an those fron the counting acceleromater records bub show a similer
trend and it is reasonsble to suppose that the pascenger transport sircraft
succeasfully avoided the most severe turbulences On the whole, Fig.8 provides
fairly convincing evidence that the severe coxponent of the turbulence

originates in storms.
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6.4 There is little comparable information regarding the light component.
However, its intensity above 30000 ft is close to that observed for clear air

turbulence.

During the TOPCAT investigation maede in Australia, a number of routine
flights were made over set tracks and heights to observe clear air turbulence
and counting accelerometer records were taken and analysed by Wells22. These
results give the following numbers of gusts in 8466 miles of flight at a mean

height of 36000 ft.

TOPCAT routine flights

Gust velocity | No. of gusts
v exceeding
ft/sec ' v
2.5 2313
375 937
5.0 LO9
7.5 T4 i
10.0 14 3
| 12.5 1 |

Fitting an exponential distribution gives a value of 1.42 ft/sec for the
intensity paremeter in good agreement with that assumed above. It will be
noted that the range of gust velocity over vhich the observations were made i%
considerably lower then that reached by the passenger transport counting
accelerometer records and it is interesting to find that the exponential

relationship appears to persist to such low values.

A further piece of information is provided by counting accelerometer data
obtained from Comet 2 aircraft operated by the R.A.F. and carrying radar11.
It is apparent that during cruise, practically all the severe component of
turbulence was avoided, and the gust distribution obtained therefore provides
a good estimate for the intensity of the light component. The numbers of

gusts for 243 000 miles of flight at a mean height of 39400 are as follows:
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Gust distribution from Comet 2 cruise

Gust velocity ' No. of gusts
v exceeding
ft/sec v
7z 255
10 61
15 4 i

An exponential fit to the above gives e value of the intensity parameter

of 1.75 ft/sec.
7 CONCLUSIONS

The gust statistics presented here provide informetion on the opersational
experience of passenger transport aircreft over a wide variety of routes up to
altitudas of about 35000 ft.

The date are sufficient for the variation in gust freguency distridution
with altitude to be examined and the infiuence of manoeuvring loads on the data

near the ground is noted.

In gereral, the gust frequency distribution consists of two comporentse
The evidence suggests that the severe componert originates in cumulus and
cunulo-nimbus cloud, and that the light component is associatsd with it,
although at high eltitude a contribution %o the light component is made by

clear air turbulence.



Table 1

Aircraft used in counting accelerometer recording

i

Mean cruising conditions
Wing Span Slope of H
Aircraft Operator area S & 1ift curve Wei . Speed Gust vel,
ft2 per radian eight Height knots to produce
1b £t koS 1g bump
tEe ft/sec
Ambassador B, E. A, 1200 | 115 L. 8l 47900 11300 | 164 31,2
Comet 1 B. 0. A, C. 2015 115 50 4.9* 82100 3,950 213 21.6
Freighter (Bristol) | S.A.F.E. 14,87 | 108 N 10200 2,60 | 135 3,9
S.Ce Al 1487 108 ol 28200 1200 1 3L 3.3
Hermes 4 B. 0. A, C, 14,08 | 113 Le53 76700 13090 | 160 Lh.2
Hermes LA Adrwork 1,08 | 113 4.70 79700 o410 158 450
Strato cruiser B. 0. A. C. 1769 | 1444 501 125500 14150 | 176 45.8
Superconstellation | Q.A.N,T. A.S. 1650 | 123 L.93 11 2500 14990 189 42,2
Viking B.E, A, 882 89:1«; Le 58 31000 6870 150 32,6
C. Al A, 882 | 89% 4. 58 31100 8810 | 14 3347
Viscount §é£° ﬁ:; ngﬁi 63 | 9k L6 | 51400 | 21260 | 186 35.3
b CaAd Al 963 1 94 Le6 , 53400 17650 182 37.8

*Por mean cruising conditions, corrected for compressibility.

Abbreviations
B. E. A. British European Airways
B. 0. A. Co British Oversesas Aircraft Corporation
S.A.F. Ee Straits Aircraft Freight Express (New Zealand)
Se Ce Ao Silver City Airways (English Channcl Ferry Service)

Q. A.N. T. A. S, Queensland and Northern Territories Aircraft Service
C. A. A, Central African Airways




al

8 N 6 €2 1 €9 | WL | €L5 | vtz | 2iehl | 8MGL9 | e | G289 | 86Sk | vt | vy g2 | v | € STIVIOL
2 N ¢e 89 eee 092 Zh ot ¢ A 009 21§ 065He 00462 - T9K9. |
b ¢ Gt 6¢ Zht 688 948 W 09 8 2 C. 002 £9¢ 06842 008662-006 2
¢ 9 i Gh 691 149 ohree G052 8ot z8t 19 ¢e g8 M2 b 008 9L 0£261 004 12-00G.1
i L hy M 094 £90¢ Lcze Loh gti g% 94 K A 2 009 8L6 09261 00544 L~00G¢ L
I % bo| L8 66 col ghsi GGl 2h6s 62t | 99¢ 90} | ¢¢ 8 b o0e ¢22 L oy AN 004¢ 1=0096
} 2 ki oV | G2 06 W £€9zz 16221 || 1288 LG | 96¢ a8 02 9 W ooh 69. o6l 00%6-0066G
A b N4 ice ¢l g6l 099% 819 49} L ¢ 008 G¢t 0/ %% 0055-004¢%
b t Z L 2¢ 28 L1E 902 GeleL || wal €66 Ll L 2z 006 221 orre 004£=~00G
} rA G o | 9L | 9% ¢al | 8s w262 661 || 8Ll8 00¢L | 612 +4 L 4 2 00¢ Of L 028 006 =0
GG oo | G o | &€ | o€ G2 mw Gt ol ol G 04 G2 og G | o | G4 4003 1093
a UBoq UMOTT SOTTH
$USToy usel | eFuwx SPNYITTY
088/4J £3T00TaA 381
FUTXTT (16 SULIND DOAIS6q0 S36NY JO SI5qN
% 8tqer
A i 22 49 W62 e 6¢ 6 bg b 00 O'rh 0s6Me 00462 I8AQ
X ¢ ¢l € o] N} 089 849 90} 12 9 2 00¢ 042 00¢¢2 00462~00G 12
4 g kb 49 A %< Wil 098t | Wl¢ ghi &% 02 8 4 A 006 689 02261 005 +2-006. 1
b Job | €€ | ObL Vot filez feask | 8ec | lov | & |[tL | v |2 |z 00S 264 02841 00SL 1-004¢ b
b W [ A (4 18 Gig 8Ll 0¢.6 809" 2oL | 662 28 Ge L b 000 %0 L 0ogLtlL 004€ 1-0056
t L 2 9 1 Lh *Ke LSOl 20.8 ez 88/ 4218 9¢ 6 ¢ 2 00§ 2¢6 0£ 18 0056~-006S
i N A S 85 882 12gt 2601 ¢ai 92 b oo Y og'r 006G-005¢
¢ 9 22 86 284 gheh ¢9ge Gog g% 9 2 000 %5 0l¢e 006¢ =006 t
b 2 v |" ]9 9t LS (R 2641 686l ot | €29 L3 G | 00£ 28 068 005 -0
ot | ¢¢ | of 4 (04 G (o] o] Gl 0z G2 0L e | o | 6%
G6 ] o S an wmoq UMOTJ SOTTH 1984 198
. 3Y3ToY ussy | oFusy OPN}THTV
008/4J A3T00TeA 3eny
SFTNI0 JUTJND PIAIGSqO BISTE JO SI3quny
¢ orqeg
i K 6% 92 ¢ L oot 2L oghres 00662 I8AQ
4 L 49 602 861 9 6 ¢ 006 26 06442 00662=004 12
b b ¢ iy IA{ GeL 9% g 6 e 2l ¢ 000 2L 0l26L 0056 12~00G. +
b 8 "% 651 68L €99 6zl 6¢ bt 2 0oL 9914 00551 005 4=005¢€ |
G =18 88 29¢ Gigi Hee L l92 W 2 8 b 00t 691 096G L1 004¢ 1-0066
b 4 N (4 & Gz 902 | 6%ol A% 62l L 6% b ¢ 2 006 9¢2 ogsl 0056-0056
L 2¢ | €l qag 2694 894¢ ao%r | 98 9l ¢ oof 16 056G 005G=00G¢
X b 2 N § 9t 09 6l2 wehL L6 8209 889 K T4 006 89 062 006£=-00G +
b 9 oL | of | 96 1114 el ey || Lloh L9 4" 6% ¢l F4 rA 000 8% 0oL 006 -0
Gl 0] o] Gl (04 Ge (0% 6¢ o | 6%
66 |05 | S lov ] &€ | of Ge mw —_ Taog . S — 3093 3903
59537 XGTOOTeX 3505 Jydtey weey | eBuea SPNITITY
quadEap pur qUWTTO TP POAISLQO m.ﬂmlsw J0 mhvn.aﬁz

¢ 9TqBL




Numbers of gusts

observed duri

Table 2A

climb and descent

Altitude range

Mean height

Gust velocity ft/sec

feet Peet liiles flown 10 15 20 25 30 | 35 | 40 | 45 | 5 | 55
0~1500 700 48 000 16111 2409 485 135 43 12 8 1
1500-3500 24,90 68 900 14475 2142 410 85 16 4 2 1 1
3500-5500 4550 91 400 9260 1320 259 48 10
5500-9500 7530 236 900 11481 1935 LO9 92 22 7 4 1
9500-1 3500 11560 169 100 3149 629 159 42 13 1
13500-17500 15500 166 100 1452 288 73 19 3
“17500-21500 19270 72 000 911 229 81 25 6 1 1
21500-29500 25590 92 900 407 67 16 5
Over 29500 22),60 65 7 2
Iable 3A

. Numbers of gusts observed during cruise (up and down combined)

Altitude range

Mean height

Gust velocity ft/sec

feet feot Miles flown 10 15 20 o5 30 35 140 15 50 | 55
0-1500 890 82 300 12026 1815 318 72 20 6 L L 2 1
1500-3500 2370 54 000 6611 887 144 28 8 3
3500~5500 4480 L4 400 2913 LA 8l 13 N 1
5500~9500 8130 532 500 10142, 1845 418 83 23 9 L 1 1
9500-1 3500 11180 1 054 000 10338 2195 610 163 57 18 5 1
13500-17500 15820 752 500 3832 739 217 68 2l 5 2 2
17500-21500 19220 689 900 3631, 770 270 81 31 13 N 1
21500-29500 23300 270 300 1338 216 53 18 5 1
Over 29500 34950 L40 100 528 103 £ 7 3
Table 4A

Numbers of gusts observed during all flying (up and down combined)

Altitude range

Mean height

Gust velocity ft/sec

feet feet Miles flown 10 15 20 25 30 25 40 45 50 55
0-1500 820 130 300 28437 422}, 803 207 63 18 12 5 2 1
1500-3500 24,0 122 900 24086 3029 554 113 o 7 2 1 1
3500-5500 4530 135 800 12173 1764 3,3 61 14 1
5500-9500 7940 769 400 21625 3780 827 175 |, 45 16 8 2 1
9500-1 3500 ' 11240 1 223 200 13487 2821, 769 205 | 170 19 5 1
13500-17500 15760 918 600 5281, 1027 290 87 27 5 2 2
17500~21 500 19230 761 800 L54L5 999 351 106 37 14 5 1
21500~-29500 23890 363 200 1745 283 69 . 23 5 1
Over 29500 34590 512 600 593 110 33 7 3




Gust frequency distributions for each altitude band

Table 5

{

Number of gusts

i Totel number of gusts

Altitude Gust i greater then v from greater than v |
band velocity | . ;
f't v ft/sec  Severe Light Caloulated : Observed |
. component ! component ) l - ;
! |
0 to 10 2506.6 2563004 28137.0 28137 |
15C0 15 | 985.7 3241.2 4226,9 | k22,
2C i 387.6 409.9 797.5 803
25 {15244 51.8 204, 2 207
30 59,9 6.6 66.5 63
35 23.6 0.8 IO 18
40 9.3 0.1 el | 12
45 3.6 - 3.6 5
50 10}-{- - 1-2*- 2
55 0.6 - 0.6 1
1500 to 10 ! 433542 16750.8 24086.0 21086
3500 15 1211.6 1826.0 3037. 6 3029
20 I 338.6 | 199.1 537.7 550
25 | Sheb 21.7 116.3 | 113
30 26,4 2.4 28.8 | 24
35 ! Tol 0.3 7.7 7
40 g 2.1 - 241 2
45 0.6 - 0.6 1
50 0.2 - Ca2 1
3500 to 10 | 50542 7118.8 1217340 12173
5500 15 | 1157.9 618.9 1776.8 1761
20 b265.3 | 53.8 319.1 343
25 | 60.8 be7 65.5 6
30 ' 13.9 | Oek 1403 14
35 ! 3.2 | - 342 1
5500 to | 10 | 13815.0 |  7810.0  21625.0 21625 |
95C0 15 , 3345.1 | 416.7 3761.8 3780 |
20 i 810,0 22,2 832,2 827
25 | 1961 | 1.2 197.3 | 175
30 475 | 0.1 7.6 L5
35 , 11.5 | - 115 16 |
i l+5 007 E - 007 ! 2 ;
1 50 0.2 - 0,2 | 1

(Contd. )
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Table 5 (Contd.)

| Number of gusts " Total number ef gusts
Altitude Gust | greater than v.from greater than v
band velocity | 4 ;
£t v £t/sec i Severe Light i Calculated | Observed
+ 1+ component | component ; i
9500 to 10 9392,8 4094. 2 ; 13487.0 13487
13500 15 2675.7 14641 | 2821.8 282L
20 762, 2 5.2 | 767,k 769
25 2171 0.2 l 217.3 205
30 61.9 - €1.9 70
35 17.6 - 17.6 19
40 5.0 - 5.0 5
L5 1.4 ' - 1.4 1
13500 to 10 31759 2108.1 528L4.0 5284
17500 15 953.2 75 2 1028.4 1027
20 28641 2.7 288.8 290
25 85.9 Oe1 86.0 . 87
30 25.8 - 25.8 27
35 Te7 - 7.7 ) 5
40 , 2.3 - 2.3 2
45 0.7 - 0.7 2
17500 to 10 2760,1 1784, 9 45L5.0 L5L5
21500 15 9L9.3 63.7 1013,0 999
20 326,5 2.3 328.8 351
25 112.3 Oe1 | 112.4 106
30 38.6 - 38.6 37
35 13.3 - 1303 14
40 L.6 - Le6 5 -
L5 1.6 - 1,6 1
21500 to 10 925.5 819.5 1745.0 1745
29500 15 254, 3 29.2 283.5 283
20 69. 9 1.0 70.9 €9
25 : 15.2 - 19.2 23
30 5.3 - | 53 5
35 1, 2+ - ' 1 024- 1
Above L L 799 L 940.6 .|  ATW0.0 | 1740
295C0 | 10 : L12.4 177.7 590.1 593
15 | 109.8 | 6.3 | 11641 110
20 | 29.2 | 0.2 29.4 33
25 i I 8 i - ' 7-8 : 7
30 | 2.1 | - 2.4 3
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Table 7

Comet 1 - Gust freguency distributions

O¢

Number of times each gust speed was exceeded
Ver+ical gust speed in ft/sec E.A.S.
- Altitude Mean Recorded| ., .
dgi;fizon band altitude |  time “giizze Down Up
feet feet minutes -
401 35) 20 25| 20| 15! 10 10| 15| 20 25
0-1500 1000 83 238 9! 1
1500-3500 2600 458 1497 Li 6] A4 54| 135 24| Li 1
Climb and 3500-5500 1600 1164 4130 1 441 140 2921 59 16| 6
descent 5500-9500 | 7600 5016 20723 | 1| 2| 2| 7 20| 95| 556§ 980|193, 39| 5| 1
(excluding | 9500-13500| 41300 1,351 20863 10 4 3| A4 151 1971 19| 3
initial 13500-17500 | 15700 4333 22737 17 L} 12] 6 95| 13} 2
climb and | 17500-21500| 19600 5121 28401 11 51 14 76% 109| 29, 71 2
final 21500-25500 | 23600 6363 37063 17 2 i o 22 330 41 A
descent | 25500-29500 | 27600 756 | L7329 of 2701 270 4l 1
intervals) | 29500-33500 | 31300 7753 | 50199 of 18 28| 4 1
33500-37500 1 %4800 2902 20699 1 1 8 11 \
37500-41500 | 38400 197 | 1538 ol o
TOTALS | “U5h95 1255 W7 | 1| 2| 3715| 42| 1721077 1916 350 | Tu | 14
; =
0-1500 | 900 b2 L 13k 9| 83 353| 549|125, 25
1500-35Q0 2100 159 | 521 1i 32 37
35005500 5000 55 | 204, 2| 23 591 11t 3104
5500-9500 €000 18 i 77 ‘
9500-1 3500 - - -
13500-17500 | 151C0 17 876 50 4
Cruise 17500-21500 | 19200 5L 272 2 1
21500-25500 | 22600 | L5 | 243
25500-29500 | 28600 451 1 3036 5 11 3
29500-33500 | 32200 1w14{121u¢ 11 4] 1 8 hsl 57 91 31 2
| 23500-37500 | 35400 35157 | 260 273 2| 81 29) 1697 208| 52| 18| 2
| 37500-415C0 | 38600 7502 1+ 57985 2) 16) 291 3i 1 |
| 41500=455001 L2800 56 | 436 | ‘ :
TOTALS i 61214 ' W46 L99 17 3. 18] 125} 6471 957! 20t 501 11




Table 8

Dristol Freighter (S.C.A.) - Gust frequency distributions

Rumber of times each gust speed was exceeded
lient Altitude Mean hecopded _— Vertical gust speed in ft/sec T.A.S.
cor'(:;j% tion band altitude time 'n?ltas Down ir U
B} ° feet feet minutes = —p
; 35] 30| 25| 201 15| 10} 10| 45] 20! 25] 30 L0
climb :
Clinh aqq|  0-1500| 80 1 2256 5262 1] 2] 3| 11|25} o54| 29] 3
Toeeens | 1500-3500| 2200 259 1 6% 70 17 1
ERCERY 1 3500-5500 1 4400 15 123 3005
o o ,'r . frome e et e o lenr .l - g
TOTALS : 2560 6081 11 2 3| 11| 1350 26 30{ 3
- ‘ -+ S S ..
o 3 S TS !t
o-1500 1 800 | 15201 | 39276 i 5, 63| 6un 1391 | 171] 27| 6] 2
o 1500-3500| 2100 3683 | 9991 | 3018186 192 51| 3| 1
| truise | 55005500 | 4200 628 | 1732 | 1
; | 5500-9500{ 6000 119 323 1 i 5 1
T T T Tt
| TOTALS | ! 15631 51322 8 86! 8321892 223; 30! 7! 2

-
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Table 10

Herzies irwork) - Gust frequency distributions
' Number of times each gust speed was exceeded
Flight sltitude Mean Recorded | grarute Vertical gust spe?d in ft/sec E.A.S.
condition bend | Altitude| time miles Down i Up
feet feet minutes ’ -
wi3si30]/25| 20! 151 10y 10/ 15| 20| 25{30/35]L0]|L5|50;55
A f
Climb and 0~-1500 1000 100 246 3 18+ 186§ 234f 32 6 3 2] 1 1
descent | 1500-3500 | 2690 1733 5086 2{ 17, 17 - 8RN 84| 31| 3 1
(excluding | 35005500 | 4510 3550 | 11273 1 11 68, us2p 597/ 107 | 24| 5| 1.
inftial | 5500-9500 | 7100 9269 | 31639 2| bl i 55 | 36l ss9] 100 20| uj 1! 1
eliob and | 9500-13500| 10450 | 915 | 3200 1! Ty @ o3 1] '
final ; ! : ' 1 .
descent) g
1 .
TOTALS 15567 | 51462 2| 7| 45! 259 1859 2son] b6 | 82| 16y 5| 2| 1 '
— ; . i‘ }_"_
o-1500 | 870 110 306 | 0 o) 3l 24y 67| t67f bl 36| w| 1wl 5| 4 b 4p 2] 1
[1s00-3500 | 2290 | 1so ' ows | G L] ep ue| wef sz, 2| | 3 | :
Crufse  3500-3500 u830 292 ' 981 i O 2 8 of 123 9. 2 ! !
55009500 | 8600 | 69309 lauhys | 11 2l si19 auio319l wesslleesy w2t w06 ) 2 8) 3 |
{ 950C~13500! 10290 | 56746 | 199937 R 23‘ 90| 300 ; 1172 11154 308 | 1001 24} 12 h! 3} 1 ;
I_—v N H 3 ¥ T v U T l 1 ' K T
| TOTALS 126607 | usme | 1 3013 16| 6] 70" 3518v 3015, 927| 263| €3, 251 11, 7 5 2| 1

¢g
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Stratocruiser - Gust frequengy distributions

Table 12

Number of times each gust speed was exoeeded

. Vertical t eed in ft/sec E.A.S. (+Up, -Down
Flight | Al:):ltude Mean | Recorded | g, . . cal gust sp /s (+Up, )
AP ‘ and altitude time . Down Up
conditien ; foot feet minutes miles
| 30125 1 20 { 15} 10 || 10 | 15| 20 |25 {30 |35
Initial ,‘ 0-1500 1000 664 2192 1 116 | 136 || 245 | 30 L | 1
climb ]1500-3500 2100 209 676 1 71231 112§ 201 | 46 81| 2
| 3500-5500 4800 42 160 2 6
! 5500-~9500 7200 17 69 5 10 2
TOTALS 932 3097 ;ﬁ 1] 8|39 2551 462 78] 12| 3
= ==
Final 0-1500 500 576 1552 1 8129 | 197} M1 1140 | 24 } 2} 14 | 4
descent 1500~3500 2200 25 89 N 8
TOTALS 601 1644 1] 812|201 91110t 20 | 21141
Climb and 0-1500 1000 142 397 4 33 71 | 18 3
descent 1500-3500 2700 1868 6370 3127 | 25514 780 [126 | 21 | 1
3500-5500 4500 3032 11302 1111 |65 | 401 |l 740 138 | 22 | 4
5500-9500 7500 7509 30535 1112 | 57 | 3621 686 |124 | 18 | 2
9500-43500 | 11500 5156 22040 2 8 | 33 1158 || 194 | 45 | 15 | 2
13500-17500 | 15400 4784 21017 3 9 L2 60 81 .1
17500-21500 | 18800 1248 5749 21 5113 | 32 | 144 ] 145 | 58 | 24 | &
TOTALS L 23736 97380 21 9| 50 {227 |1395 ||2676 |517 [104 {10 s
Cruise 0-1500 1000 581 1825 11 2 6 135 | 1451 34| 74 1 13 | 5
1500-3500 2400 1629 5830 3119 {12411 311 | 30 1
3500~5500 44,00 1764 6792 8 | 34 | 187 |1 343 ] 67 | 14 | 3
5500~9500 7600 26378 104969 31 26 {128 | 742 |} 981 {251 | 57 41 | 3 | 4
9500-13500 | 44000 57991 235332 1] 15 | 84 | 574 |] 806 {148 | 22 | & | 1
13500-175€0 | 15500 L0397 171556 2] 51 148 | 65 | 3061 4371 80 | 15 | & | 1
17500-24500 { 19100 49593 220115 31 91 36197 | 725 73411436 | 32| 2
21500-25500 | 22900 2636 12270 3 83 70 5
TOTALS 180966  [758689 | 61 20 [ 142 {465 [2886 {|3966 | 791 {454 |29 | 5 | 4

174



Table 13

Super—-constellation - Gust freguency distributions

92

Number of times each gust speed was eXceeded
Fi1ght s1titude Mean Recorded | g parite Vertical gust ?peed in ft/sec E.A.S,
condi tion band altitude)  time miles Dawn ? Up
i feet feet minutes - T .
Bl 3513025 20 15 1ol 10! 151 20 25130{35'L0
' i
Initial elimb 0-1500 1500 1541 1768 5017 31 119 | 6931377151 { 33| 19} 5
1500-3500 2000 129 Lo9 3 35 67 7
TOTALS 1670 5177 51171 31 122 | 7281i1Lk] 158 | 33 { 1
167 T 7 22 k158 | 33 | 19 5
Final descent 0~1500 500 1095 2925 2| 4 15| 67 | 38811351223 | 581 22! 11 L] 2
15003500 2000 10 27 2 8] 1 1] 1
TOTALS ' 1105 2952 2l 4l 15 67 | 3903|224 | 59 23] 11| 4 2
e e
Climb and 0-1500 1000 1133 3189 1| 3| 15| 63 | 288} 889 16| 36| 8] 2
descent 1500-3500 | 2600 14106 13564 ul 11 e | 3e3li72| 169 | 37| 12! 3] 2] 2
(excluding 3500-5500 L500 2827 13951 ! 161 su | 298 s82| 98| 29| 10f 1
initial climb | 5500~9500 7600 8158 32001 11 11 4l 35| 115, L2yl 780 124 33, 15i 50 21 1
and final 9500~13500 | 11500 721 | 30119 1t 6l 11 28 | 122§ 209) 33 9 2§ |
descent 13500-17500 | 15500 | 5518 1 24229 11 2y 6] 2t 8uf 1ol 21| hi 1
intervals) '17500-21500 | 18100 | 425 1932 1] 11 3 5t 11] 1 |
TOTALS ) 30381 118985 1] 1] 7{ 34} 95! 3L6 | 1607| 3793| 610 1u8i LBL 11 4! 3
~ N « — =
! 0-1500 { 1000 L8 136 o1 3 16F 54 8| 4
15003500 2500 1L 504 -2 5 200 - Loj " 5 1
3500-5500 4400 170 598 20} 49 .11 2} 1
cruise 5500-9500 | 8300 3137 | 13278 2 4| 7| 29| 139 10| 24| 6] 1
; 9500~13500 . 11200 €0729 | 266542 10 30 1] 38| 17| 278 | 1261} 1634 277, 92! 24 5 1
i | 13500-17500 | 16100 91037 | w8792 | 2} 2; L1229, 78| 223 | 897} 1459, 2 781 260 7; 1
. 517500-21500{ 18700 36037 | 171717 i [ 11 2, 6 14| 47| 133 598 - 565! 100! 33° 10| 3 5
p T - . [ ; J . : i
, TCTALS » i 191302 + 871567 ' e.rul 9: 31 86, 252. 671 | 2951} 3971 669+ 212% 62, 151 2]
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Table 15
Viking (C.A.A.) = Gust frequency distributions
: I T
| I i Number of times each gust speed was exceeded
Mean ‘ | Vertical gust speed in ft/sec E.A S
Flight ALEEtUde g i | ROOOTEOY) statute . -
s, and time . Down ! Up
condition £ tude . miles
eet feet minutes : , : , ) ,
30 251 205 151 10 101 15| 20|25 30 35| 40| 45| 50
Climb and f
descent 0-1500 | 1000 10 22 10 27 50 19} 24 3 |
(excluding | 1500-3500 | 2400 48 143 17 2 7 3
initial 3500-5500 | 4700 403 1180 21 13| 89 145| 29| 1
climb and | 5500-9500 | 7500| 4408 13641 2143|108 85011281 | 149 21| 5| 1 !
final 9500-13500| 10600 816 2636 1 11 12! 109 149! 15] 1 '
descent 13500-47500 14500 19 68 - -
intervals) |
|
TOTALS ‘ 5704 17690 | L) 19 140} 1074 | 1602} 196 23| 5| 1
r_—‘:--smw mzm*mw l = = wg—?"_mm
| 0-1500 | 1oooi 9 ' 77 | 1 5] 2] 280 8] 37 1! 1
1500-3500 : 2800 4 | L26 ! P 6i 331 321 7! 3] 1 !
Cruise 3500-5500 | L4800 W2 po1262 5 1| 6 23] 107 216! w6 ! |
5500-9500 ' 7900 13603 I 42750 { | | 7 133{ 1053} 1701 a7l s oal ol o] ] 1o
9500-1 3500 10700 7315 | 23,98 | 2 5| 18: 112| 546 | 7051 1151 22| 91 6, 2i
13500-17500{ 14000 | 115 % 381, l ST R
{ lL H ; i ‘ '
i ; i ! ’ I, i ] ! ] ! '
! TOTALS ! ! 21648 | 68297 | 2| 5, 330 279 1774 | 2689 350! 59t15° 8, 3l 1.1 1

8¢



Vigeowst (E.T.4, and JSor

i’

Linsas) - Gist frequency digtritutlons

i i : ! } ; Humbrr ¢f tlmes each gvst speed was exceeded
o . ; Atitude | Mean Recorded ' | Vertical gust spen‘J in ft/ sec E.A.S.
Flight | -y ‘ri‘ude: time ! Statute ,f ) i
Teordition | ~an2 j aitiwde ] o . miles | Down : Up
; ‘ feot ) feet | minutes | I : : : ‘ : ‘ 7 |
: : | ; fue 3503 tas ) 2! 155 10 124 150 20y 25, 30 35 | 49
T ' ! , : S T 1
; P n-150C 1000 | 69k 2059 R S O L I AR L - - ‘
pInsial b gsceasoo Poozeoo R0, 10675 Dol bz nss a3 29, 29 b1
L CHEP 3so0mss00 | b2t } W 159 S T T B N> A S A
v b " oo v - i Y — /
T ; Poo3623 | 10693 P iz, 20! 7! 1290 191 251 I vt
TR T R R R e R
; t 0-1550 | 0 1305 395 , Lo 5° sk 52711000 439 224 5, 1. 1
Final 158-3520 + £200 1 WL 17 oo 6' 84 1® 15 27 1
Jescent . seoessce | b0 . A o ’ - 2 ' L N
" mrms | Poqaoo 0 51 ; L1 50 60 610 1181 155 . 24| 65 11 1 o
P y *"Tt::::‘ .';:"':'::'“;_N.T....,.T___ EEEEE %t : ; ‘ ietshca B
\ ' ges00 ¢ 4000 f o 4tt  1w19 b bos'on, e amY e e ono2q |
: 150c-3500 | 2600 | 238 east |, 1 7, Tt S ke a5y 15 6| ot |
; | 3500-5500 | 460 i 4708 HE TS R v 30 130 6 onij e, 1 18 2y 1, , ,
{ Lick ) 5TCw-9500 o+ TSCO ' 1200 Lussy ; ; i3, 48 47 P oaoo | Al §o1ze2 | 197 0 3% L 2 ; ! I
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RATIO OF NUMBER OF
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FIG. 4 VARIATION OF TURBULENCE INTENSITY WITH ALTITUDE.
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FIG.6 NUMBERS OF GUSTS PER MILE FROM EACH COMPONENT OF TURBULENCE DURING CRUISE
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