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SUMMARY.

Information on gust freguencies in the British papers is derived from
counting accelerometer records, and in the U,S. work from the V.g.h. recorder.
The methods of deriving the gust velocity from aircraft acceleration are
first compared. The relative frequencies of gusts of differing magnitudes
are then examined, and finally the absolute frequencies at varying heights
are compared. In general there is good agreement between the two sets of

data.
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1 INTRODUCTION

British data on the effect of atmospheric gusts on alrcraft are derived
from the records of counting accelerometers! carried in the aircraft. The
counting accelerometer is an instrument which records automatically the
number of times a given series of normal accelerations are exceeded. The
lowest acceleration recorded is usually about 0,2g, The aircraft accelera-
tions are converted to gust velocities by the method of ZbrozekZsJ which is
based on the assumption of a discrete gust of given profile (i.e., a given
velocity-space gelation). Results of such analysis are given by
Heath—gmith4’5’ s/ and J,.E, A._plin8 and are collected and surmarized by
Bullen”,

United States data on gust accelerations of aircraft are obtained from
the N.A.C.A, V,g.h. recorder1O, This gives a time history type of record
of’ indicated airspeed, normal acceleration and altitude. From this record
it is the usual practice to calculate the gust velocity corresponding to
each acceleration of more than 0.3g upwards or downwards. It will be noted
that this figure is somewhat higher than the lowest level on the counting
accelerometer and leads to the omission of more of the lower velocity gusts.
The effect of this can be seen on some of the cumlative frequency curves
(e.g. Fig.Lk). The procedure with the counting accelerometer data is to
ensure that the lowest gust velocity quoted always falls above the lowest
acceleration level; the corresponding gust frequency is then found by inter-
polation and this leads to more reliable estimates at the lower gust
velocities,  There is, in fact, evidence that the gust frequency distribu-
tion continues to show the same general trend to much lower values of gust
velocity19.

Rewults from V.g.h. records are given in Refs.13-18.  For interpreting

he alrcrait acceleration in terms of gust velocity use is again made of the
discrete gust assurption. In Ref.13 an early method of conversion is
employed which is not based on the mass parameter., It assumes a sharp edged
gust and uses the gust alleviation factors given by Rhode and Donely12. The
remainder, however (Refs.14~18) give results based on the method of Pratt and
Walker!l.  Here the gust profile is defined in terms of the aircraft wing
chord. This has the advantage of reducing by one the number of parameters
on which the gust alleviation factor is based, although it is perhaps some-
what illogical to define a property of the atmosphere in terms of the
dimensions of a particular aircraft. lowever, the question cannot be
dismissed lightly. Donely20 gives some evidence in justification of the
U.S. method and considers that:-

"eeesss airplane size might be a significant parameter, as in the
case of boats where waves of small wave length that are of no
concern to a large boat cause the small boat considerable
difficulty."

Pratt and Walker further reduce the nunber of parameters by makigg no
allowance for aspect ratio and are thus able to express the gust alleviation
factor in terns of the mass parameter only.

A comparison of the two sets of data is made, firstly to examine the
relative frequercies of gusts of different velocities, and secondly to compare
the absolute frequency per mile of flight of gusts of a velocity greater than
some standard magnitude.

2 THE REIATIVE FREQUENCIES OF GUSTS OF DIFFERENT MAGNITUTES

The relevent British data are swmarised in Ref.9. The U.S, data are
extracted from Refs.15-18 and also include gust frequencies based on a
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re-assessment™ of the original data of Ref.13. Data from Ref.1l are
omitted, as the high value of the gust velocity corresponding to 0.3g under
certain operating conditions makes the estimates of the gust frequencies for
low velocities very unreliable. This is clearly shown in Fig.L., Since
also the frequencles are given for a different set of values of gust
velocities interpolation would, in any case, be necessary.

For a direct comparison allowance should be made for differences in
the gust alleviation factor used in the calculations. Accordingly, for
each aircraft and operating condition in the U,S. papers the gust allevia-
tion factors estimated by each method have been compared, It is found that
the ratio KZ/K? ranges between about 1,04 and 1,12 with a mean of 1,075,

where K, is the gust alleviation factor estimated by Zbrozek's method, and

K is the gust alleviation factor estimated by the method of Pratt
and Walker,

It is considered that for the comparison of relative frequencies it is
sufficiently accurate to decrease the values of gust velocities given in
the U.S. work by the factor 1.075.

The two sets of data are tabulated in Tables 1 and 2 and
are shown plotted in Fig. 1. In the U,S5. data a large number of

gusts between 8 and 12 ft/sec have been excluded by the method of
analysis so that the value given for the number of gusts greater than

8 ft/sec is too low. Apart from this, the distributions show the same
general form, with, however, a small difference in slope. The two
distributions are each readily fitted by the sum of itwo exponential terms,
the exponents being the same in each case**., The formula for the British
data has been fitted to agree with the observed total number of gusts of
more than 10 ft/sec., The corresponding figure for the U.S. data is

11.16 ft/sec. For the British data:-

N = 631,800 ¢ WY L 406,900 ¢70*BP (1)
and for the U,S, data:-
N = 1,553,000 ¢~ 04301V, 408 500 70425H ¥ (2)

If the hypothesis is accepted that the two terms in the expression represent
two distinct conditions of turbulence, then the difference between the two
distributions is easily explained by assuming that the U.S. aircraft
encounter a lower percentage of the more intense turbulence. This is in
agreement with the fact that the Comet and Hermes routes include tropical
regions of high convective activity with which the high intensity turbulence
is considered to be associated.

*Unpublished communication.

**The exponents have been modified from the values given in Ref.9 in
the light of the U,S. data and more recent estimates in this country. The
values of these parameters are not particularly critical as a change of
slope of the curve can be effected either by changing the exponents or by
changing the ratio between the two terms.



3 THE VARIATION OF GUST FREQUENCY WITH ALTITUDE

In order to investigate the variation of gust frequency with altitude,
a standard gust velocity of 10 ft/sec is chosen. The information obtained
from counting accelerometer data has been summarised by Bullen9 and Fig. 2
is reproduced from his paper.

In order to estimate the corresponding frequencies from the U.S. V.g.h.
data, the tabulated frequencies of Refs. 13-18 have been vlotted, after con-
verting the velocities quoted to those based on Zbrozek's gust alleviation
factor. In this conversion the correct factor for each case, rather than a
mean value, has been used. The results are shown in Figs. 3-8. The
majority of these curves give indications of the falling off at low gust
velocities already mentioned. Acceleration increments smaller in magnitude
that 0.3g are neglected in the analysis, and as for certain flight conditions
the corresponding gust velocities are as high as 15 ft/sec, the lowest two
or three frequencics are affected in somc cases. The curves arc therefore
extrapolated along the general trend in order to obtain a rcading at 10 ft/sec.
This occasionally involves extrapolation for a considerable distance, as for
example in Fig.L, but it is considered that on the whole, the errors
involved are reasonably small. The gust Trequencies obtained in this way
are given in Table 3.

The values from Table 3 are grouped into height ranges and the average
distance flown to encounter a gust of velocity more than 10 ft/soo is
calculated. A few minor adjustments have been made to the heights.

Flying over the Rocky Mountain routes at mcan pressure altitudes of 5,000 ft
and 9,600 £t has been included in the lowest altitude range as the heights
above thc ground are considerably less than these Tigurcs. The data for

the 10,000 £t to 20,000 ft range from Ref.5 have been included in the

10,000 £t to 15,000 £t range as it is probable that most of the flying took
place in the lower part of the range. The 20,000 ft to 25,000 £t data

from Ref.6 are not considered representative of this altitude which is above
the normal cruising height, and give indications of being obtained only in
adverse conditions. For this reason, the sample, which is small, is included
in the lower altitude range.

The results arc summarised in Table 4 and shown plotted in Fig. 9.
Also shown in this Figurc are the relations given in Ref.9 for cruise and
climb and descent. It is not feasible to divide the U.S. data in this way,
but cruisc conditions predominate and the figure shows that there is good
agr.ement with the British figures for cruising. The small difference in
slope is explained by the fact that in the case of the U.S. data the lower
altitude bands contain a higher percentagc of climb and descent conditions
than the higher bands and this makes the conditions at the lower altitudes
appear relatively more severc. Averaging the British data in a similar way
indicates that the overall conditions gave about 50% more gusts at 10 ft per
sec than the conditions cxperienced by the U.S. aircraft. This is probably
due to the fact that the British data include a higher percentage of flying
in tropical regions than the U.S. data which arc based almost entirely on
flying in temperate zones.

L CONCLUSIONS

In general, there is good agreement between the two sets of data. The
frequency distributions for gusts of different velocities show some difference
but this can be explained on the assumption that the British data contain a
higher proportion of turbulcnce of the type associated with thunderstorm
activity. The agreement in absolute frequencics for gusts of 10 ft/sec or
greater is remarkably good, indicating that there is little difference in



the average conditions under which the two sets of data were obtained and
that a degree of reliance can be placed in the results. It is also

encouraging that the two different types of instrument give results that are
in such good agreement.
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TABIE 1

Cumilative distribution of gusts, British data

Gust ; Totals
velocity Number of gusts exceeding v ft/sec Observed | oaloulated
v £t/sec 1 2 3 L totals from (1)

10 5,50 | 5,312 | 5,467 | 520 | 16,543 | 16,540

15 1,093 1,405 687 29 3,214 3,177

20 251 355 109 6 721 1.7

25 7L 75 18 167 176.2

30 17 21 3 A 16.0

35 2 11 13 12.3

L0 1 1 2 3e3

L5 1 1 2 0.9

The original sources of the gust distributions in the numbered columns
together with aircraft type and route are as follows:-

1 Refs, L4 and 7. These gust frequencies were obtained from Comet
aircraft during about 2,000 hours on routine passenger service
between London and Johannesburg, Colombo, Singapore and Tokyo,
and about 40 hours low level test flying.

2 Ref. 5. Hermes aircraft on routine passenger service between
London and Africa,

3 Ref. 6. Viking aircraft on routine passenger service on
Buropean routes based on London.

k Ref. 8. Bristol 170 aircraft operated on general routes over
Nigeria and the Gold Coast.

Expression 1 is repeated here for convenience.

N = 631’800 e-—O.l(.}O‘l v + 106’900 6—0.2595 v .



TABIE 2

Cumulative distribution of gusts., U.,S5. Data
Gustfzjizglty No., of gusts exceeding v ft/sec Observed Totals
= totals calculated
p v, 1 2 3 N 5 from (2)
8 7.4k 18,4901 5,593 | 3,6261 3,200 | 47,045 | 67,95L 81,870
12 11.16 {3,536 3,614 13,130 3,068 | 6,487 | 19,862 19,860
16 14.88 837 936 11,3931 1,077 975 5,218 5,277
20 18.60 198 273 523 336 179 1,509 1,548
2 | 22.33 58 72| 184] 120 37 L71 1.96.6
28 26.05 20 3. 71 L4 10 176 170.3
32 29.77 5 9 30 19 2 65 61.0
36 | 33.49 2 10 7 19 22.5
2,0 37.21 1 3 2 6 8.L
L | 40.93 1 2 3 3.2
48 4. 65 1 1 1.2

In Table 2, vy is the gust velocity calculated by the method of

Pratt and Walker and v, is the value adjusted to approximate to the
corresponding value using Zbrozek's method.

The original sources of the

gust distributions in the numbered columns, together with aircraft type and
route are as follows:-

1

A re-assessment of the data of Ref. 13 (unpublished). 4 twin-
engined low altitude transport airplane on a northern trans-
continental route of the U.,S,

Ref. 15, A twin-engined transport airplane used on short haul
passenger operations between New York and Los Angeles.

Ref. 16. A four-engined transport airplane used on two U.S.
routes,

Ref. 17. A four-engined transport airplane used on an eastern
U.8. route,.

Ref. 18. A twin~engined transport airplane used on a feeder-

line route in the Rocky Mountains.

Expression 2 is repeated here for convenience.

=0e4301 v

N = 1,553’000 e + 128’500 e"o.2595 v .

In substituting for v, the values of v, should be used.



TABIE 3

Summary of U,S, data on gusts exceeding 10 ft/sec

No. of
Source : : Miles gusts
N.A.C.A. T.N. Route Height in feet o |exceeding
10 ft/sec
2663 Trans-northern U, S.4. 0- 5,000 | 77,600 1,980
5,000~10,000 35,400 510
3365 New York to Europe 12,700 Mean 284,0001 1,890
and South America
Los Angeles to 12,400 Mean 1.88,000{ 14,550
Honolulu and
San Francisco
Trans-northern U,.S.A. 13,500 Mean 235,0001 2,450
3371 New Tork to Los Angeles 0~ 5,000 59,800| 14,200
5,000-10, 000 58,800] 1,610
10,000-20, 000 16,600 320
3475 Trans-U.S.A. routes 0= 5,000 51,000 2,580
5,000-10,000 86,000 2,070
10,000~15,000 [132,000 528
15,000-20,000 | 211,000 588
20,000=-25,000 16,700 88
3,83 Bastern U,.S.A. 0= 5,000 48,000f 2,910
routes 5,000-10,000 63,000 950
10,000-15,000 84,000 656
15,000~20,000 40,000 65
3750 Feeder line routes 9,600 Mean 99,000} 5,500
in Rocky Mountains, 5,000 Mean 113,000 7,400
U.S.A.
TABLE L

Variation of gust fregquency with altitude

U.S. data for gusts greater than 10 ft/sec

Mean altitude

Miles per gust

2,500 ft
7,500 £t
12,500 £t
17,800 ft

18,2
4743
119
365
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