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ERRATUM

The pair of lines labelled ™" in Fig.k are in error and may be

replotted by consulting the first item in Table 13.
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ROYAL ATITRCRAFT ESTABLISHMENT

ATMOSPHERIC TURBULENCE ENCOUNTERED BY BRISTOL FREIGHTER AIRCRAFT
IN UNITED KINGDOw, WEST AFRICA AND NEW ZEALAND

by

J.R. Heath-Smith B.Sc. (Eng)

SUMMARY

Gust accelerations were recorded during 1,500 hours of flying below
10,000 £t by Freighter aircraft in Urited XKingdom, West Africa and New
Zealand.

The gust frequencies in the three regions are compared and the
influence of the flight plan on the values recorded is discussed.

The average distance between gusts greater tharn 10 f£t/sec, E.A.S.
within 1,000 £t of the ground, varies from two miles in New Zealand to

twelve miles in West Africa. Over the sea the distance is greater by a

factor of 2 or 3.
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1 INTRODUCT ION

As a part of a general gust research programme Counting Accelerometers
were installed in Bristol Freighter aircraft based in the United Kingdom,
West Africa and New Zealang.

This Nofe discusses the turbulence recorded in each locality and
compares the average turbulence over land and over sea with due allowance
for the flight plans adopted by the operators.

2 INSTRUMENTAT ION

Counting Accelerometecrs Mks.2, 2E and 4 were used during the tests and
were mounted about 10 ft forward of the cenrntre of gravity of the aircraft.

The accelerometer recorded the number of times that 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 10 minutes and of Mks.2E and L was
4 minutes. The instruments differed also in the method employed to confine
recording to accelerations occurring in flight. The Mk.2 accelerometer was
mechanically locked via an electrical circuit whenever one main wheel oleo
was compressed and the Mks.2E and L accelerometers were operated electrically
by a switch controlled by airspeed which switched on when airspeed exceeded
100 knots I.A.S. during take=-off, and off when the spesd fell below 85 knots
T.A.8. during the final approach.

3 ROUTES
The aircraft were flown on the following routes by Silver City Airways,

West African Alrways and Straits Alr Preight Express:=

Internal Routes in Nigeria and the Gold Coast.

§a§ Across the English Channel.
Internal Routes in New Zealand, mainly across Coock Strait.

e
Maps of the routes are shown in Fig.1.

L TEST CONDITIONS

Areoraft fitted with accelerometers were flown on normsl services.

The distribution of recording time throughout the year is shown for
esach region in Fig.2. All distributions are uneven owing to variable
utilization and periods of instrument unserviceability. They are not dis~
similar, however, when considered on a seasonal basis when it is seen that
recording is heaviest at about mid-summer.

The flight plans differ considerably and ave givern as time at each
speed and height in Tables 1 to 3%.

Table L is a comparison, between the regions, of factors which might
affect the turbulence recorded.

5 DATA

The total counts of acceleration obtained from each type of instrument
in each reglon are given in Tables 5 to 10. Owing to inadequacy of the
switching arrangements the accelerations in the last recording interval of
each flight were contaminated with landing accelerations and are not considered
in the analysis, although the recording time is included in the flight plans.
In the case of West African records the first interval of each flight is also
discarded for similar reasons.
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6 GUST ANALYSIS

The acceleration data were processed and converted to gust information
by the methods described in Ref.1, with the following exception. When
processing the first interval of a flight the final airspeed and half the
final altitude of the interval were assumed to be representative of the
whole interval. The aircraft characteristics assuned are stated in Table 11
and representative acceleration/gust conversion factors are given in

Table 12. The estimated gust counts for each region are given in Tables 13
to 15.

The variation with altitude of the turbulence recorded in the three
regions is shown in Fig.3 in which the observed values of gust freouency,
expressed os the average distence between gusts excceding 10 ft/sec E.A.S.,
are plotted on a logarithmic scale and joined by solid lines, Those
observations which are considered to contain too few miles or acceleration
counts to be representative are not shown.

Fig.4 shows the variation in the frequency of upgusts and downgusts
with gust speed in each altitude band., Fig.5 compares the relative freguency
variation in the three regions.

As a basis for comparison, Figs.3 and 5 also show the bect estimatez,
from data previously obtained between sea level and 30,000 £t, of annual
average turbulent conditions on routes in Europe, East and West Africa and
the Far Bast. The quantity of data in the altitude range from sea level to
8,000 ft on which this previous estimate is based is small compared with the
prescrt data bput is morc widesprsad.

It is assumed here that the expression "annual average turbulent
conditions" includes any rcduction in the turbulcnce encourtered which is
effected by avolidance of turbulence without change of altitude.

7 GUST FREQUENCY V. ALTITUDE

In Pig.3 the rccords [rom cruising flight are separated from those
teken in climb and descent. It is seen that the turbulerce recorded during
cruisec is generally less than that recorded during climb and descent. It
has been suggestedj that this results when the pilot is able to choose
cruising altitude with regard to weather conditions,

English Channel

As most of the flying was in short flights across the sea, the
crulsing altitude was as low as weather permitted.

Point 1 includes all records immediately following take=-off and there-
fore rcpresents coastal flying at low altitude under all flying wecather
conditions.

Point 2 represents low eltitude cruising over the ses in all but the
worst weather and is 3.5 tuimes less severe than point 1. A difference of
8 to 1 has previously been found® from Hunter tests over land and sea in
the United Kingdom.

Point 3 contains that provortion of the cruise flown at more than
1,500 £t above the seca. It is presumed that these particular flights were
madc when conditions at lower altitudes were considcred too rough.

Records taken lower than 1,500 ft were classified as climb and descent
only when the cruising altitude was greater than 1,500 f£t, that is, under
rough conditions, and point L is correspondingly more severe than point 2
and similar to point 3.
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West Africa

The route is composed of a mixture of coastal and inland sectors. The
cruising altitude is determined broadly by the prevailing winds with the
general result that Eastbound aircraft fly below 5,000 £t and Westbound air-
craft above 5,000 ft. In addition it is the practice to fly at
6 - 8,000 ft when cunulo-nimbus cloud is present. The records show no
correlation between cruising altitude and sector length.

Point 5 contains all low altitude flying with the exception of that in
calm weather in coastal sectors. The turbulence is therefore rather greater
than the average near the ground and sea.

The altitudes of the airfields vary from sea level to 4,000 £t and
therefore point 6 includes turbulence recorded near the ground. The
similarity between points 5 and 6 suggests that the intensity of turbulence
near the ground is determined by the height above the ground rather than the
height above sea level. This is in agreement with unpublished records
obtained from Viking aircraft of Central African Airways.

Points 7 and 8 are climb and descent, partly under cumulo-nimbus
conditions but mainly to reach Westbound oruising height under all weather
conditions. These values are therefore a little morc severe than all

gather turbulence.

Points 9, 10 and 13 are cruising in good weather and points 11 and 12
are cruising during more than average turbulence.

It is suggested that the broken line represents average atmospheric
turbulence during the tests. This is four times less severe than the general
estimate on previous evidence, but there is a similar proportionate decrease
in the number of gusts with altitude.

New Zealand

Most of the flying was across Cook Strailt which is a short sector
normally crossed at low altitude. The higher altitudes in the flight plan
generally represent inland sectors.

Point 14 is comparable with point 1 of the English Channel and
represents all weather over the land near the coast,

Point 15 is the cruise below 1,500 £t which was generally cover the sea
in all but the worst weather conditions. It is three times less severe than
point 1l.

Point 16 represents cruising over the sea on those occasions when
weather conditions below 1,500 ft were considered too rough. Similarly,
point 17 contains the worst weather over the sea but in addition some irland
crulsing in good weather.

Point 18 contains most wecather conditions on the longer inland sectors
and is the aversge value of overland turbulence at about 7,000 ft.

The climb and descent points 19, 20 and 21, contain flying corresponding
to inland cruising at the higher altitudes under all weather conditions. In
addition points 19 and 20 contain a considerablc amount of flying correspording
to bad weather over the sea.

It is concluded that average atmospheric turbulence over the land during
the tests can be represented by the broken line passing through points 14 and
18, and that over the sea turbulence was about two times less severe, up to
at least 2,000 f+t. This line represents a much greater decrease in turbulence
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with altitude than the general estimate from previous data but agrees well
with the estimate from Viking aircraft over Europed. It is perhaps
relevant that the slope of the general estimate is governed to a large
extent by the records from Comet airoraft during climb and descent. In
this flight condition sideways avoidance is less practicable with the Comet
than with the Freighter or Viking. It follows, therefore, that the rapid
decrease in turbulence with altitude recorded by the Freighter in New
Zealand may be due, at least in part, to sideways avoidance of turbulence
which begomes progressively more effective with altitude as the concentra-
tions of furbulence become fewer.

8 GUST FREQUENCY V. GUST SPEED

At all altitudes in all regions upgusts and downgusts were recorded in
substantially equal numbers. The inequalities present are probably due
partly to zero error in the instrument. Variations between instruments can
be detected in the acceleration summaries.

Pig.L shows that the relative frequency of different gust speeds is in
all cases essentially exponential and similar for up and downgusts. However,
it varies appreciably with flight condition, altitude and region as shown
by the various slopes. There is in fact good correlation between these
slopes and the condition under which the turbulence was recorded. In parti-
cular, referring to Fig.3, the cbservations made under the calmest weather
conditions in each region (points 2, 10, 15) correspond with the greatest
slopes of those regions and observations under the roughest weather condi-
tions (points 4, 11, 12, 19, 20, 21) have the least slopes. It is concluded
that with increasing severity of turbulence large gusts become relatively
more numerous in relation to small gusts.

It has been shown? that turbulence is encountered by an aircraft in
short bursts which if plotted in Fig.l) would show one of two slopes. It is
assumed that the various slopes of the present data represent combirations
of these two forms of turbulence.

In Fig.5 the extremes of the relative gust frequencies of each region
are compared with the best estimate from previous data. 4ll regions have
relatively fewer large gusts than this estimate. The turbulence recorded
in New Zealand is generally more intense than in West Africa or the English
Channel. This cannot be attributed with any certainty to differences in the
monthly distribution and may be a true representation of the differences in
weather conditions in the regions.

9 CONCLUS IONS

Within 1,000 £t of the ground, and as measured on Bristol Freighter
aircraft, the approximate average distance between gusts greater than
10 f.p.sS. E.A.5. is 5% miles in the United Kingdom, 12 miles in West Africa
and 2 miles in New Zealand. For comparison a previous estimate from
general gust data was 3 miles. At this height over the sea the turbulence
is less severe by a factor of 3 in the English Charnel and 2 in New Zealand.

Decrease in turbulence with altitude in West Africa agrees with previous
evidence but in New Zealand the gust frequency decreases at more than twice
this rate wp to 8,000 ft.

By comparison with general data from higher altitudes the turbulence
in all regions contains fewer large gusts in relation to the number of small
gusts. Largs gusts are relatively most numerous in New Zealand. There is
general evidence that with increasing severity of turbulence large gusts
become relatively more numerous in relation to small gusts.
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TABIE 1

Recording time in minutes at each spsed and altitude

over English Channel

Altitude above sea level I.C.A.N. (1000 £t units)

I.A.S. Climb and dsscent Cruise I.A.8.
knots 507 T o1 o] o3 | o] o5 00 01 @ | 051 a | o5 | o6 |vots
90 351 62 5 - - - - - ~ - - - - 90

100 617 22 - - - - 124 139 IR - - - 100

110 920 140, 6 L - - 259 205 30 5 - - - 110
120 1347 365 45 4 -1 5 698 670 8.1 38 51 5 22 120
130 2317 547 L2 9 | 18 L 2396 4130 | 1118 | 170 | 207 3l 82 130
1,0 1796 545 81 19 9 9 1085 L100 | 1533 | 218 | 233 62 15 140
150 617 149 59 L - - 221 1103 | 3551 85 23 9 150
160 58 8 8 ~{| - - 12 59| 33| 10| -~ 4 160

Totals | 7983 | 18,2 | 247 | 40 { 27| 18 L4795 10406 | 31571 526 | 514 | 114 | 119

Grand Total 29788 minutes.




TABLE 2

Recording time in minutes at each speed and altitude in West Africa

Altitude above sea level I.C.A.N, (1000 ft units)
1.A.8. _ k‘Climb ppd Desqggpvu-’ — ‘h9?91§9 L _ ] {.A.8.
knots "o T o1 {02 | 03 | ok | o5 | o6 ] o7] 08[ 09|00 [ 01 [o2 [ o3 | ou [o5s |06 [ o7 | 08 | oo | t0] 11 |knots
90 54 321 117 21 9 15 | 30 -1 =] - - 6 - - - - - - - - -1 6 90
100 161 es !l 14 381 221104 73 61 12) 191 = 52 - 18 -1 48}t s8) 178] 198} 561 34| 6 100
110 187 | 243 | 356|199 | 93 | 187 [ 109 | 55| 6} 6f 10 1571 864 189 | 155] 595} 880] 885 853216 | 222 25 110
120 151 298 | 2941 296 | 217 | 292 | 232 | 129 | 121 26| 23 326| 66| 676 288 803 | 822 8871528 {415 | 309 6 120
130 95 | 243 219] 239 | 118 | 128 { 118 | 89| &| 20] =~ L7111 609 | 868 1( 336| 669 | 13211 815 1219 | 238 6 130
140 50 1201 105} 156 | 171 | 182 | 100 53 6{ =| = 195 LOB{ 608 203 169 214 95 25 6 - 140
150 3 31 9 7 Wi 31 3 11 -{ - 61 45| 66 19 5 13 - -1 = - 150
160 - 3 - 6 - - - - - - - - - - - - - - = - 160
L:rotals 701 | 1058 | 1304962 | 654 | 937 | 668 | 343 | 42| 71| 33 1213 | 1812 2425 1001] 2289 | 3308 | 2860 | 3833 | 929 | 5711 I3
Grand Total 27057 minutes
]
= TABLE 5
(@]
I Recording time in minutes at each speed and altitude in New Zealand
T Altitude above sea level 1.C.A.N. (1000 £t units) -
;;g-s Climb and Descent ] Cruise i;A-S
S T T o1 Jo2 o035 ] o o5 Toelorl o8l o] o] o0 ] o 02 | 05 | oh | 05 |05 | o7 ] 08| 09] 10] 11 ots
90 Ly 9t 31 =1 = =] ={ =t -y=1-1 = - 2 R et e D O el R I
100 78] 68| 10| =] - | -1 5|4} sl=]-115 16 Ll 2 =t =f =f =1 6| = ={ =1 100
110 239 231 Lo b2 W} 18] 8 - -|L|- 8 Sk 71 304 37 26} 12| - | k2| 10| 8| L | 110
120 750 | 536 | 190 | 104 53 Lo} 13201181 -1} 5 9 699 1121 383 | 439 | the ] 174222 {250 ~|17] 8 120
130 8121 682 | 2h2 |113 {104 | 51 | L2 (60|18 L | -~ | 88 1 4503 | 1524 | 1287 {1433 | 304 | 608 | 450 | 2821 10] =] 30 130
17 18701 822 [ 380|154 | 103 | 65| ~| 4| -] = | = |50t 6080 | 2260 [ 1396 | 945 | LO3 | 292 62 | L1 -t -] - 140
150 L} 397 | 16 89 63 52 -1 L] =-t=-1~ 67 1019 650 2971 18 54 211 16 - - -] - 150
160 91| 168 | 112 47 | 26 o G B IS AR 4 86 24| 5| 29 - -1 8 =1 =f - - 160
170 5 20 8 9 5 - =l =7 =t=-1- - 10 - - - - - - - -l - - 170
Totals | 4400 | 2913 1140 |558 | 368 (226 | 68 (92|42} 8 | 5 | 692 | 12467 | 4581 | 3450 | 3067 | 1019 | 11131758 | 621 | 20| 25 L2

Grand Total 37675 minutes
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Comparison

TABIE L

of factors influencing the turbulence recorded in the three regions

Geographical
position
Region Terrain
°n °R
English Channel 50 0 | Coast to coast
across sea
West Africa 5 5 | Partly coastal and
partly inland,
occasionally above
3000 £t
New Zealand L0 175 | Mainly coast to
coast across sea.
Some inland

Auvgust

September,

Altitude above S.L. Average
Bias in monthly X 1000 ft duration
distribution of oot of flight
recordin oS
& Max. | Popular | nosorging min
Above average 6 1 1-2 23
March - August
Above average 11 8 3-8 71
February and May -
Above average 11 1 11 11
December and January
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TABLE 5

Gust accelerations recorded wmainly across English Channel with Counting Accelerometer Mk.2

Altitude Recording Number of times each acceleration increment was exceeded (+Up =Dowm)
Flight range time Statute .
condition it min miles -0.62g | =0.52g | =0.43g | ~0.33g | =0.23g|| 0.23g | 0.33g | O.43g | 0.528 | 0.32g | 0,728 | 0.82g | 0,92z | 1.02g
Inftial 03500 1690 4383 1 11 54 184 1073 || 3288 649 213 54 21 7 2
climb
Climb and 0~1500 665 1534 1 I 6 19 173 Lol h s 8 3
Descent 1500~3500 182 506 2 8 49 163 17 I
3500~5500 18 51 2 4 17 4 1
Cruise 01500 7202 19279 6 15 6L 23 1788 |} 5206 | 83, 29 50 15 2 1 1 1
1500-3500 2762 7563 9 15 55 207 1213 2911 538 185 39 13 1 1
3500~5500 365 1036 1 1 b iy L 2
5500-9500 88 22 1 6 32 [ 1 1
Totals 13062 34594
TABLE §
Gust _accelerations recorded mainly across English Chennel with Counting Acceleroueter MK.2E
Flight A.l;;air?;lge Reg;);ging Statute Number Of times each acceleration increment was exceeded (+Up =-Down)
condition ft min miles | =0.80g| ~0.60g| ~0.40g | ~0.30g{ ~0.20g || 0.20g { 0.30g | 0.40g | 0.60g | 0.80g | 1,00g
Initial 0=3500 1319 3230 1 19 91 521 97 188 32 3
climb
¢limb and 0~1500 1591 3728 2 L 8 57 334 655 95 15
Descent 1500-3500 77 190 1 17 22 L
3500-5500 27 72 1 A 6 1
Cruise 0~1500 7909 19997 2 55 328 | 1251 179 | 277 54 6
1500~3500 921 2,28 1 11 75 130 18 1
3500~5500 263 696 6 12 1
5500~9500 31 81 1 0
Totals 12138 3022 T
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Gust accelerations recorded in West Africa with Counting Accelerometer MK.2

TABLE 7

Altitude | Recording Number of times each acceleration Increment was exceeded {+Up ~Down)
Flight range time Statute .
condition fan min miles =0.72g | -0.62g | ~0.52g | =0.43g | =0.33g | -0.23g {{0.238 | 0.338 | O.43g | 0.52z | 0.62g | 0.72¢
Climb and 0~-1500 L3 115 0 3
Descent | 1500-3500 483 1207 2 37 132 156 37 4 2 1
3500=5500 473 1231 1 91 102 Pyl 2
5500-9500 335 885 8 28 57 8 2
Cruise 0~1500 522 128, 1 9 51 76 20 1
1500-3500 1557 4,028 13 118 135 26 i
3500~5500 1035 2709 2 L 30 117 151 39 6 3 2
5500-7500 1390 3667 2 7 69 58 12 2
7500~9500 1548 4055 8 51 45 6
9500~ 11500 315 813 0 0
Totals 7707 1990l
TABLE B
Gust accelerations recorded in West Africa with Counting Accelerometer Mk.h
o Number of tim ach acceleration {ncrement was exceeded (+Up =Down)
Flight “;ﬁ? Recorting | statute oS R e bl
econdition T min miles -0.80g{ -0.60g | =0.40g | =0.30g| -0.20g}! 0.20g | 0.30g | Q.L0g | 0.60g | 0.80g | 1.00g
Climb and 0=1500 207 L61 5 23 %5 60 5 1
Descent 15003500 966 2305 1 13 75 71 248 Lo 7
3500-5500 1065 2670 16 65 332 119 27 8 2
5500-9500 768 1994 7 33 186 59 8 3
Cruise 0~1500 723 1741 1 8 72 L12 147 22 5
1500-3500 2679 6813 1 19 thiy 977 395 61 10
3500~5500 2254 5615 L Lo 170 636 265 58 21 6 1
5500~7500 k778 12039 2 6l 213 ol L, 102 2 2
7500~9500 3214 8338 2 17 58 253 124 33 13 1
9500~11500 298 758 2 8 L
Totals 16972 Lemh
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TABLE 9

Gust accelerations recorded in New Zealand with Counting Accelerometer MK,2

F1i Altitude Recording Number of times each acceleration increment was exceeded (+Up ~Down)
ght range time Statute { _
condition ft min miles | =0,92| =0.82 | =0.72 | =0.62 [ 0,52 | =0.43 | ~0.33 | =0.23]} 0.25|0.33 | 043 0.52 | 0,62) 0,72 0.82] 0,92 | 1.02{ 1.12 | 1.32
g g g g g g g g g | 8 g g g g g g g g g
Initial 0-3500 1585 4032 L 6 21 73 | 251 8561) 2479] 737 160] 38 | 22 9 2
¢limb
Climb and 0~1500 787 2059 1 1 13 2y | 201 499l LB8s| 1691 32| 5 3 2 1
Descent 1500~3500 639 1838 L 15 27 114 3391] 686] 217 | 85| 24 1 6 L 1 1
3500~5500 32 973 3 5 18 35 116} 2231 74 23 6 3
5500~10500 150 Lo6 1 2 7 19 8 1
Cruise 0=~1500 L708 12853 1 2 5 6 Lo 155 56l 175311 37671 11131 255] 55 31 16 6 1
1500~3500 3239 9013 2 L 3% | 84 ) 296 948i11920| 6021 95| 20 | 13 | 4 2 2 1
3500~5500 1621 4530 1 1 I 11 51 126 355| 658 208 53| 17 7 5 2 1 1 1 1
5500~11500 1377 3787 1 1 2 12 21 76 15411 107] 4 19 6 2 1
Totals 14448 30191
TABLE 10
Gust accelerations recorded in New Zealand with Counting Accelerometer Mks.2E and k4
Flight Alg;tlgge Re%%r;:lng Statute Number of times each acceleration increment was exceeded (+Up = Down)
condition Tt min miles | =1,00g | =0.80g | =0.60g | ~0.L0g | =0.30g | =0.20g || 0.20g | 0.30g | O.4Og | 0.60g [ 0.80g | 1.00g | 1.208 | 1.40g
Irlx! :ﬂi) al 0=3500 1181 2027 2 2 16 107 3% 1724 3645 1031 245 23 2
cli
Climb and|  0-1500 1158 2818 2 L 28 95 | 555 || 3602 | 866 | 167 18 2 1 1
Descent 1500~3500 585 1508 1 3 29 103 365 1303 343 86 8 3 1
35005500 252 678 1 9 68 108 12 2
5500~ 10500 78 205 5 7
Cruise 0=1500 8437 21986 1 16 161 766 | 3981 (111846 | 2156 | L6O 29 L
15003500 4792 12790 1 1 11 106 356 1510 i 4869 1230 | 316 32 L 1
3500~5500 24,82 6621 1 L, 180 792 || 1577 386 95 12 L 1
5500~11500 1185 3233 2 15 53 21 249 L 27
Totals 20150 52766




TABLE 11

Aircraft characteristics assumed

Wing area 1487 sq £t
Aspect ratio 7.8

Mean chord 13.77 £%

Lift slope L4 per radian

The weight of the ailrcraft was assumed to remain constant during

a flight at the mean value for that flight.

TABIE 12

Acceleration/gust conversion factors

Values of the conversion factor in f£t/sec/g are given below at some

speeds and weights at sea level. The value decreases with increasing

altitude and is about 10% smaller at 10,000 ft.

Indicated Weight of aircraft X 1000 1b
alrspeed
knots 20 30 L0 50
100 28.66 | 37.35 | 45.36 | 53.51
110 26,06 | 33,96 | 41.24 | 48.65
120 2%.88 { 31.13 | 37.80| 44.60
130 22.05 | 28.73 1 34.89 | L41.16
140 20.47 | 26.68 | 232.4,0 | 38.23
150 19.11 | 24.90 | 30.24 | 35.68

- 15 =




83129 6.9t sTeI0l
1 o8 ¢ 1461 €19 00LOL | 006G 1=0056
¢ (e s 651 || 662 86 S ¢ L cecet 2olh 0028 00S6~00GL
Loy dee | L&) emiines | Gale | 65 | ol 99154 8919 0059 006 L~0055
L 2 |6 'R | BEL | 6LC)TE9 e | 6 ol i 34) 682¢ oolh 006G=005¢
8 c0l L1o¢ 116¢L 691 ) i 117801 oceh 0052 0066~-0051
4 1L 63 Goe |} L9g i n ¢ L Geot Siel 0001 005L~0 asynId
1 l2¢ | ebtjitie {12 | N 6L52 43} 0099 0096=0055
1 {L |6 | clejjeee | 6L | &L 106¢ 8¢StL 009Y 0055~005¢
t j2t | L] o6t || €ss 06t | Si ¢ L 2168 & 0052 005€~0051 qua0sa(
L 2l 65 i eh S als 952 ool 005} =0 pue quitd
scloci{seloe mw oLl G Lis i ormn mT.m 02e | G2m | Of~ seTin Mwﬂu wuswwpdm uwmn U0J1 1DU0D
(umoQ- ‘dp+) *S°V°3 095 /3] ul paads 9sn3d Ted]IJd9A ain1wvls s Td
popeadxa seit pasds 4Snd yoes Semi3 Jo JIqUNN FuIpI008Y | UmaAR pNITITY e
BOJJJV 159N Ul s3UNod 3snE Jo Aremms
Hl Tavl
. 91059 00ese STel0}
i S 2 ¢ l (749 6Ll 0009 0056=0055
f 1e 6 i ecll g29 ooet 0045~005¢
{ ¢ LG {26l | Lo6ét il sel agl B8 ¢ L 666 €89¢ 00te 00G£=0051
2 |9 |22 1l |16c1fcgeslitee| e | 89 | S 94265 L0251 008 0054 -0 asnag
5 9 9 ¢ 1248 st ooy 0045-005¢8
l iU 06 6¢ L 969 652 00c2 00G¢~0051 ueoseg
¢ ] 6 |12 | 516 {ligh | Set 1 ¢ 2 I 2%es 9522 009 00G1=0 puB qWITd
quyiro
1 ¢ {12} c2t| ¢eot | aee || s6etL 65¢ oY 2 (1574 600¢ ool 00G¢=~0 eI3IuUl
O.J Mﬁ On mN ON m—. O— MeN m.N‘ OF' nh|9| ON‘ mwin OM, m.m.l ssTIm uim Pu Pw o 100
(WMod=- *dn+) *S°Y°T 998/13 ur psads 3sns yedladaA opswwum auyl apmiiae pueq Mwwwam
papasoxe SeM peeds 4snS yows s8Il Jo JaqunN Buyprooay ueall apM1 i Ty

ToueyD USTIoUd J9A0 ATUISW SAUN0T ASnE o AJemms

¢ AEVL

- 16 =



UIDIRLG IVBLD UL PRIULAE] ~ CHGEH d*D°8402° TN

- /L -

TABLE 15

Summary of gust counts in New Zealand

Altitude

Mean

Number of times each gust speed was exceeded

Flight Statute g
condation b?gd alr,;t,ude tine s Vertical gust speed in ft/sec E.A.S. (+Up, =Dovm)
t nin U5 1740 |35 |30 F25 20 |=15 | =10 |-7.5|] 7.51 10 |15 [ 20125]30{35| 40| 45
(I;intial 0~3500 800 2766 6959 11 1] 2| 3{25 |128 | 838 2269/ 5580 [ 2293 | 341]60 | 12| 1
imb
Climb and 0~1500 800 1945 L8 11 1} 2] 4115 176 | L5 1021} 4066 | 1636 | 257150113 51 3| 21 1
Desgent | 1500~3500 2300 1224 3346 1110 4t | 258 578)j 1557 | b7 | tok| 17| 5| 2
3500=~5500 L4400 Ealy 1651 L |15 62{ 7| 252¢ 9% 5] 3
5500~10500 | 7000 228 &1 1] 3 1M 18 1L
Cruise 0=1500 1000 13145 34839 2| 7127 1172 | 1505 4328111238 | 3560 | 371{ 52| 9] 2
1500=3500 24,00 8031 21803 1{ 2118 {121 | 707| 18LLY 5026 | 1859 | 2201 L3 | 11] 4 2
3500~5500 L300 4L086 11105 31h5 3071 826 1573 | 553 711 16 5] 31 1
5500~115001 6900 2579 7066 112} 9123 103 265) 2654 91| 30| 3
Totals | 34598 92257 '
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