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SUMMARY

Counting accelerometer records were obtained of the turbulence encountered
by Hermes 4 and Hermes LA aircraft flying mainly on routes from the U,K, -Europe
and Africa, representing some 427,000 and 495,000 miles respectively,

Comparison has been made of these results from aircrart operated by two
airlines and, although the overall variations in gust frequency were fourd to
be the usual ones with gust magnitude and altitude, there were differences
between the gust spectra of the two aircraft due to their different modes of

operation,

The reduction in turbulence encountered by the Hermes 4 during cruise was
largely due to its having cruised at 12-13,000 feet whilst the Hormes 4A cruised
at 9-10,000 feet, but the relatively gradual climb and descent of the Hermes 4A
enabled its pilots to avoid more gusts during the rest of the flights,

Geographical comparisons of the records indicated/that small magnitude
gusts occurred less frequently in Lurope than in Bast Africa, and higher
magnitude gusts occurred rather more frequently in the Var East,

Replaces R.A,EB, Tech, Hote No, Structures 356 - AR.C. 26 237,
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1 INTRODUCTION

Counting accelerometers were installed on Hermes 4 and Hermes LA aircraft
of B.0.A.Cs and Airwork, respectively, to measure the loads imposed on the air-
craft by atmospheric gusts encountered during flight. Although published
previously in Ref.1 the B.0.A.C. Hermes 4 data have been re-analysed in the
currently standard altitude bands and flight conditions, and are summarised

accordingly.

This paper gives the recorded acceleration data and the gust speeds
estimated from them, and discusses the variation of the frequency of occurrence
of gusts with altitude and with geographical region. It is one of & series of
papers giving similar information from counting accelercmeters in other types
of aircraft and, as is usual in these papers, no general description is given
of the data processing or methods of analysis used, since these are published
in Refs,2 and 3 where it is assumed that the aircraft is rigid and does not
pitch, and that a gust has a ramp-shaped profile whose gradient distance is
100 feet.,

2 EQUIPMENT AND TYPE OF FLYING

241 Equipment

R.A.E. Compound Counting Accelerometers, which are described fully in an
Instruction Leaflet® were installed as near as possible to the centre of gravity
of the aircraft.

These accelerometers responded to the aircraft normal accelerations,
registering by means of counters the number of times that each of a given series
of upward and downward accelerations, in O.1g steps, was exceeded. At intervals
of approximately 10 minutes the acceleration counters were photographed together
with the ‘airspeed indicator, altimeter and clock. The electrical supply to the
instrument was controlled by a Master switch in the cockpit.

1

2.2 Type of flying

Between April 1952 and October 1953 various aircraft of the B.0O.A.C.
Hermes 4 fleet carried counting accelerometers on normal passenger services
between London and Africa. These routes are shown in Fige1. A counting
accelerometer was installed alternately in the two Hermes LA aircraft of Airwork
which were carrying passengers from Blackbusghe to Africa and the Far East,

Fige2 illustrates the routes flown by these aircraft during the recording period
February 1954 = March 1956.

3 .DATA

Flight details such as the date, duration and route of each flight,
together with the time and the weight of the aircraft at take-off, are supplied
by the operators to supplement the film record of the acceleration data
referred to in para.2.1. All these data are codzd, transferred to punched cards
and processed using methods explained by Heath-Smith?.



Throughout this paper reference will be made to the various flight condi-
tions into which counting accelercmeter data are generally divided, these are
+ defined as follows:=-

(a) Initial climbs The first interval of each flight.
(b) Final descent. The last interval of each flight.

(c) Climb. Any interval during which the aircraft increased altitude
by 2000 ft or more. '

(d) Descent. Any interval during which the aircraft decreased altitude
by 2000 ft or more.

(¢) Cruise. The remaining intervals.

The initial climb and final descent records were not used in the analysis
of either the Hermes 4 or the Hermes LA data, since they included some ground
bumps.

The mean speed and altitude of each interval have been taken as represent-
ative of conditions throughout the climb, cruise and descent intervals and the
weight of the aircraft has been reduced progressively throughout each flight
according to the fuel consumed.

The time spent at different speeds and altitudes is given for the c¢limb
in Table 1, the cruise in Table 2, and the descent in Table 3 for the Hermes 4
aircraft and similarly in Tables 4, 5 and 6 for the Hermes 4A aircraft. From
these tables it is apparent that the Hermes 4 cruised at 12-13,000 feet whereas
the Hermes 4A cruised at 9-10,000 feet. .

The summarised acceleration data are given in Tables 7 and 8 for Hermes 4
and Hermes 4A aircraft, respectively, the records having been divided into climb
and descent combined, and cruise. The tables show the number of times each
given acceleration increment was exceeded in an altitude band together with the
recorded time and estimated distance flown in that band.

The acceleration counts were converted to gust counts by the same method
as Heath-Smith! used in the previous analysis, i.e. using the discrete gust
concept with gust alleviation factors according to Zbrozek3, and Tables 11 and
12 give the results of this conversion for Hermes 4 and Hermes 4A in the same
divisions as the acceleration data.

Table 9 gives the aircraft characteristics assumed in the calculations
and Table 10 some values of acceleration/gust speed conversion factors at
representative conditions. Table 13 is the key to the altltude bands used in
the counting accelerometer analysis.

L VARIATTON OF GUST FREQUENCY WITH GUST SPEED

In Figse3 and 4 the mile/gust value is plotted against each gust speed to
illustrate the variation of gust frequency with gust magnitude in each altitude
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band of the climb and descent combined data, for the Hermes 4 and Hermes LA
aireraft. Similarly Figs.5 and 6 show this variation during cruise conditions.

From these four figures it is apparent that, in general, the frequency of
occurrence of gusts decreases with their magnitude and with altitude. If, the
upgust and downgust curves are compared on each figure it is found that the
ratio of upgusts to downgusts remains fairly constant in each altitude band,
vith the exception that in the lowest two bands of the climb and descent records
from the Hermes 4 aircraft a marked decrease in the occurrence of downgusts
relative to the upgusts is indicated. The reason for this is not clear.

To investigate the overall slope of these curves, the data from all
altitudes were combined to give one up and one down curve for climb plus
descent, and a similar pair for cruise, for each aircraft as shown in Fig.7.

At the low speed end of the cruise curves, the statistically more
significant end, the slopes are very similar indicating that the relative
frequency of gusts of different magnitudes was the same for both aircraft,
although fewer gusts of all but the highest magnitudes were encountered by
the Hermes 4 as the position of its cruise curves show. The Hermes 4 was
operated at a higher ocruising altitude than the Hermes 4A which no doubt
accounts for this effect.

Since it encountered fewer gusts of larger magnitude relative to the
number of small gusts, the Hermes 4A shows slightly steeper climb and descent
curves than the Hermes L.

5 VARTATION OF GUST FREQUENCY VITH ALTITUDE

To study the effect of altitude on the frequency of occurrence of gusts,
the up and dovm gusts of magnitude equal to, or greater than, 10 ft/sec were
combined, divided into the mileage flown in each altitude band and plotted
ageinst the mean altitude of the band for both types of aircraft (Figs.8 and 9).
The curves were drawn with due regard to 9% confidence limits calculated by
Bullen's method5, and the choice of gust speed for this investigation was
governed by considerations which are defined in another paper of this series6.

The climb and descent records were amalgamated but kept separate from
those of the cruise. Low altitude cruise data were felt to be mainly stand-
off and landing approaches rather than true cruise, and, as such, were omitted
from the graphs.

Both sets of curves show the usual decrease in gust frequency with altitude,
the turbulence during cruise being markedly less than that during climb and
descent in -each case since the pilots were able to exercise more discretion in
the avoidance of turbulence during the cruise.

The pronounced difference in slope of the two climb and descent curves
can probably be attributed to the operational differences between the two air-
lines. The Hermes 4A aircraft flying Far Eastern routes, where more severe
turbulence occurs7, show fewer miles/gust at the low altitudes than the Hermes .
However this effect has been masked at the higher altitudes by the fact that the
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Hermes 4A were able to avoid more turbulence during a relatively leisurely
climb than the Hermes 4- which were climbing faster to attain their cruising
heights,

6 VARIATION OF GUST T'REQUENCY WITH GEOGRAPHICAL LOCATION

The cruise records from the main altitude bands were divided according
to the geographical area over which flying had taken place and coded according
to the regions shown on the maps, Figs.! and 2,

Tables 14 - 17 give the accelerations recorded by Hermes 4 and Hermes 4A
aircraft in each region and the corresponding estimated gust speeds.

Figs.10 and 11 show the mile/gust value plotted against gust speed for
the two types of aircraft. These figures do not indicate any very clear trends.
On Fig.10, for instance, the curves for regions 3 and 4 are derived from
relatively small samples of data and therefore cannot be considered very
significant, but the other two pairs of curves, regions 1 and 2, illustrate
that gusts of all magnitude occurred more frequently in East Africa than in
Burope at the cruising altitude of the Hermes 4 aircraft, i.e. in the region
of 13,000 ft. On Fige.11 region 3 again represents small mileage, and may
therefore be discounted, and there is little overall difference between the
other regions which were flown at about 9000 £t by the Hermes 4A aircraft.
Small magnitude gusts occurred less frequently in Europe than in East Africa
and higher magnitude gusts occurred rather more frequently in the Far East.

7 CONCLUSIONS

Although no features of special interest have emerged from these data,
they do form a significant addition to the statistics already available from
other aircraft flying similar routes at these altitudes. They confirm that
the gust frequencies follow the usual variation with gust magnitude, altitude
and geographical location, and that differences in the operation of aircraft
will result in differences in their gust spectra.

By comparing these results from Hermes 4 and Hermes LA aircraft it has
been shown that the reduction in turbulence encountered by the Hermes 4 was
largely due to its higher cruising altitude and that the relatively gradual
climb and descent of the Hermes 4A enabled 1ts pilots to avoid the more severe
gustse

The effect of geographical location on these results was seen to be that
gusts, particularly small magnitude gusts, occurred more frequently in East
Africe than in'Burope and that large magnitude gusts occurred more frequently
in the Far East.
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Estimated time in minutes spent

TABLE 1

-

during climb by Hermes 4 aircraft

at each speed and altitude

Indicated airspeed in knots -

Altitude above sea level (I.C.A.N.) x 1000 ft
00|01 {02 |03 | O} O5 ] 06 | O7 | 08 09| 10| 11 12{ 130 1, 15i 16‘17 18119 | 20
R ‘ ! :
120 |21 *
130 10} 21| 21 i 11 | 10 {11 |
140 11 {115 {219 {177 1312 {291 {312 [ 343|115 {198 52 9| 73 94{21{10] 10 10
150 32 |104 | 187 |104 |270 {353 260 | 260 | 177 |104 | 414 | 93] 31| 21|21 31
- 4160 10 21 | 32 k2 | 62 73 | 421125|188¢ 312 {198 1251 31 21 8313121 10
i -
170 | 10 101 10 ¢ 10 {104 1 415] 1351 42| 42| 10| 21 10 {10 10
180 10| 42 10
190 10
TOTALSE - 110 | - 164 [ 261 {448 {353 665%716}853 927' 770 542} 3331 249|157 | 218 1 94| 72| 20 | 10
' A H
Total climb: 6762 minutes
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TABLE 4

Estimated time in minutes spent at each speed and altitude

during climb by Hermes 4A aircraft

Altitude above sea level (I.C.A.N.) in-1000's of feet

{
i

03 | o4 | 05 06 07 08 | 09 |10 | 11 [412

241 | 675 848 ;1020 | 1433

{ 1090 !829
i : :

02 13
130 40 | 30 20 20 10
]
g
A 1140 70 1292 | 384 | 273 353 242 (14 40 50
5 :
B 1150 |50 111|323 |38 | 525 | SA5 | 46k w45 |14 | 111
ri
s | 160 | 30 10 30 70 162 364 263 1233 {111 30 |10
D
K
5 170 | 10 10 10 40 1 131 ¢ 124 10
o 1]
H
:180: 0
. i
g i i
TOTAL | 90 ! ;292 191 110 10
K iL i :

Total climb: 6729 minutes
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TABLE 5

Estimated time in minutes spent at each speed and altitude

during cruise by Hermes LA aircraft

Altitude above sea level (I.C.A.N.) in 1000's of feet

00t o1 {02 |03 |on | 05| 06 07 08 09 10 | 11 121 13
L. 1130 {10 30 10 20 20
e}
_§ 140 20 | 50 10 64 162 353 404 131 | 134 50
A 1150 t10] 30 |40 |20 50 | 50 | 323 | 2,818 |10,402 | 13,775 | 4,080 | 1182 | 111
=]
3 | 160 10 {10 110 )30 |111 | 7 | 757 [ 12,927 | 32,025 ! 26,046 | 5,726 | 1020 | 81
[12] 9
E 170 | 10 10 721 30 | 212 | 2,858 | 5,757 | 3,050 788 74
3 | 180 10 | 10 40 30 182 151 50 30
I
o 1190 20 20 20
g b
H§zoo 10
TOTAL , 20 | 90 140 | 40 | 50 | 242 | 229 | 1403 | 18,967 | 48,718 | 43,345 | 10,755 | 2404 | 242

Total cruise:

126,607 minutes
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IABLE 7

Surmary of acceleration data from counting accelerometers Mk.2 in Hermes 4 aircraft

.

§

»

Number of times each acceleration inocrement was exceeded

e,

Altitude Mean Recorded . :
et band altitude | time |Srotute ' Down Up
feet feet min. mliles -
1.02g10.92g(0.82g{0.72¢ {0628 (0.52g| 0s438 0338 |0.238][0. 235] 0. 33g] 0.43g)0:528) 04625104725 ]0,828)0.92g 102 1e12g
Climb and 0 1,500 900 125 336 | 51 8| 25/ 5
descent 1,500~ 3,500 2,300 865 2,470 2| 12| 52192 57 8 3
(excluding | 3,500~ 5,500 5,000 1,899 5,876 ; 1 31 19| 731125 | 32 3 2
initial 5,500~ 9,500 8,700 6,332 { 22,038 1 9 | 65 | 223 || 430 | 148 17 6 1 1 1 1. -4 1
climb and 9,500-~13,500 | 12,000 4,890 | 18,040 2 6 17| 77 1192|270 | 9u| 22 9 2 1
final 13,500-17,500 16,000 1,414 5,556 1 1 2 13 19 2 1 1
descent) 17,500-21,500 | 18,600 173 733 - -
TOTALS 15,709 | 55,049 \ 2 9] 321|175 | 558 ll112n | 358 s6 | 24| 3 2 1 1 1 1
| Cruise 0~ 1,500 900 145 364 10 1% ] 97 1 1us | M 7 3 1
1,500~ 3,500 2,100 96 271 2 L1 15| 45| 20 2 1
3,500~ 5,500 4,700 102 348 » 2 5
5,500~ 9,500 8,400 1,612 5,864 4 y 1 5 19 37 62 | 121 L6 14 6 1 :
9,500-13,500 12,000 70,933 | 253,625 31 6 12 4 | 188 } 674 || 973 | 260 61 24 10 L 3
13,500-17,500 15,000 17,494 66,706 : 2 7 30 1 173 || 162 36 3 1
17,500-21,500 | 18,500 8,498 | 34,186 1 1 1 1 1 5 91| 22 53 1| 66 2 7 4
21,500-25,500 | 22,000 63 249 - -
TOTALS 98,943 | 371,613 1 1 2 5 8 | 241 82| 295 {1076 {1518 | 427 | 94 | 36| 12 L 3
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TABLE 9

Aircraft characteristics assumed

Hermes & Hermes 4A
Wing area: 1408 sq ft 1408 sq ft
Mean chord: 12,44 £t 12,46 Tt
Kspect ratio: 9,10 9.07
Slope of the lift curve
constant at: L.53/radian 4.,70/radian
TABLE 10

Representative values of acceleration/gust speed conversion factors

Hermes 4

Gust speed/acceleration in ft/sec/g

Sea level | 10,000 £t | 20,000 £t
Indicated ' T
airspeed Aireraft weight (x 1000 1b)
knots - .
s0 | 70 | 0 0| 70| 90l 50 | 70| 90
R : j
7 !
100 56.49 |72.80 {88.82] 52.00 | 69,09 | 84.57 49436 | 65.77 | 80.66
150 137.66 |48.53 159421 |1 34.67 | 46406 | 56,38 |52 91 {43.85 |{53.78
200 328.25 36440 RN ;26.00 34455 | 42.28 '24 68 :52.88 40.33
t E " ] B
Hermes LA
Gust speed/acceleraticen {n ft/see/g
Sea level i! 10,000 ft ! 20,000 ft
Indicatved ‘
alrspeed Alrcraft weight {x 1000 1b)
knots '
6o | o | 8 | 90 E 60| | 8| 90 éo I 0| 8 | 9
: | ~
120 51,47 | 58,47 65,06 | 71,37 || 48,79 | 55.50 | 61.85 | 67,91 || 16,39 | 52.81 | 58.96 | 66,32
160 38460 | 43485 | 48480 | 53453 ] 36,59 | L1463 L6439 50493 || 3Le79| 39461 | LLe22 | LGu 7L
200 | 3088|3508 | 39,00 | ipufe || 29.27] 33,30 3711 | Lo.78 27,83 ] 31,69 | 35,38 397
} ; ; i
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TABLE 11

Gusts encountered on all rcutes by Hermes aireraft

Number of times each gust speed was exceeded {
vertical gust speed in ft/sec E.A.S.
Altitude Mean Recorded
Flight statute |
. band altitude| time ; |
Condition fect feot min. miles Down ‘ Up 1
‘ \
L5 |40 {35 {30 125 {20 15 1wl 1015 | 20 |25 30|35 4045 ¢
L . i
Climb and 0= 1,500 900 135 336 2 13184 60 | 20 5] 11..
descent 1,500~ 3,500 2,300 866 2,470 1] 61 20 77T42HB ] 59 22 51 31 1
(exzluding | 3,500~ 5,500 5,000 1,899 5,876 1] 3112] L2 136 || 208 | 59 1§ 341
initial 5,500~ 9,500 8,700 6,332 | 22,038 2121 78 | 286 [ s60 {16k | L6 | L 1] 1] 1] 1
climb and 9,500-13,500 | 12,000 4,890 | 18,040 “ 12! 5119 70| 22438104 | 27| 6] 2
final 13,500~17,500 | 16,000 1,414 5,556 1111 4 6 19| 3 1
descent) 17,500~21,500 | 18,600 173 733 » - -
1
TOTALS 15,709 | 55,049 311259216 | 7521564 49 130 | 23} 8} 2] 1] 1
Crulse 0= 1,500 900 145 364 | L) 32 | 2 f199] 62 | 19| 62
1,500~ 3,500 2,100 96 27 ! 2 5 18 591 25 4
3’500" 5’500 I.},']OO 102 3’48 L} 7
5,500~ 9,500 8,400 1,612 5,864 1111 1] 2(18] 32 6L fl 136 b2 | 11 ] 3
9,500-13,500 { 12,000 | 70,933 ! 263,625 3! 5,13:48]200 | 802 [[1100 {274 | 68 | 18 | 8| Li 1
13,500-17,500 | 15,000 | 17,L9L | 66,706 71 30 | 213} 190| 34 6
17,500-21,500 | 18,500 8,408 | 34,1867 1| 1 1l 1| 31 7| 17| 57 ™| 23 61 1
21,500-25,500 | 22,000 63 219 - -
. ; i
T0TALS 98,95 | 37,613 1§ 2' 5} 7/18(86|306 | 1397 11761 {460 | 114 | 28 |10 4| 1
' i
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TLBLE 12

Gusts encountered on all rcutes by Hermes QA aircraft

Number of times each gust speed was exceeded
vertical gust speed in ftf se¢c EoA.S.

Altitude Mean Recorded .
Flignt band altitude | time |SUatute Down ; Up
condition feet feet mine miles '
. H i . t | ’
Lo |35 130|25{ 20 | 15 107 10} 15| 20 25;30 35;h0§u5;50i 55
! i R . N !
i r ' i
Climb and ! i i
descent 0- 1,500 1,000 100 26l 3 18| 186 234, 32 6 3] 2) 11 1]
(excluding | 1500~ 3,500 2,690 1,733 | 5,086 2017 |17} 8321177184 | 31| 3| 1 ;
initial 3500~ 5,500 4,510 3,550 11,275 11 68 | L52) 5974107 | 24 5| 1 :
climb and | 5500- 9,500 7,100 9,269 | 31,639 2} L4 | 55) 356y 559 100} 20| L| 1§ 1 |
final 9500-13,500 } 10,450 N5 | 3,200 ' 1) 3 27t 3] v |
descent) i 1
TOTAL } 15,567 | 51,462 2| 7| 45 | 259 | 1859[l259L [ L26 | B2 | 16} 5| 2] 1
'
Cruise 0= 1,500 ; 870 110 306 1) 3724 | 67| 167} 4341136 ] Lty th| S|4 L4 2 1
1500~ 3,500 1 2,270 150 L5 1 6 | U6 | W36i 3471 62 | 3
3500- 5,500 1 4,830 %2 981 2 8 904 123} 9 2
5500~ 9,500 | 8,680 | 69,309 |2L1,k73 [ 1| 2| 5|19 1 84 | 319 | 1653 1857] w2 | 106 | 221 8} 3
i 9500-13,500 : 10,230 ! 56,746 | 199,937 11 7|23] 90 {300 | 1172|1154 308 | 100 + 2 12| L | 3 |1
' !
i ! .
0L | i | 126,607 | i3, 102 | 1 3113116 206 | mo | 3518|395 527 | 263 | 6325 [nil 7| 5| 2| 1
! . ’ : ) ! ! . )




TABLE 13

Altitude bands used in analysis

00 0 - 1,500
02 1,500 - 3,500
04 5,500 - 5,500
06 5,500 - 9,500

10 9,500 - 13,500
1% 13,500 - 17,500
18 17,500 - 21,500
22 21,500 - 25,500
26 25,500 - 29,500

30 29,500 - 33,500
34 33,500 - 37,500
38 37,500 - 41,500
42 41,500 - 45,500



|
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TABLE 14

!
Acoeleration data recorded in each geographical region during cruise by Hermes 4 aircraft

}

. Altitude Mean Recording A_ Number of times each acceleration ipcrement was exceeded
mmoww mmwwo& band altitude | time mﬁmwim ,, Down Up
g ____feet feeot min, miles 5552 T70.925 ] 0.825 ] 0.722 ] 0,622 | 02522 | O-k3g | O:33& | 0.23g ||0.235 | 0433 | 0.43g | 0525 | 0.62¢ | 0.72% | 0.82
5,500~ 9,500 8,600 530 1,959 _ 2 4 14 2
4+ Burope 9,500~13,500 | 12,000 28,946 107,804 4 1 1 3 18 88 || 121 20 6 5 1
13.,500-17,500 | 14,800 8,103 31,049 ! 1 9 | 63|l | 13| 2
17,500-21,500 | 18,600 6,8l 27,688 19 1 1 5 8 18 46 52 22 6 4
5,500~ 9,500 8,400 894 3,218 11 1 5 19 35 58 | 107 4y | 1L 6 1
2+ Bast 9,500~13,500 12,000 34,739 128,849 2 N 9 39 153 550 696 212 52 16 9 4 3
Africa 13,500-17,500 | 15,400 6,719 25,372 4 2 6 21 105 || 101 19 1 1
17,500-21,500 | 18,400 956 3,764 : 1 N 6 9 2 1
5,500--9,500 8,100 177 645 - -
3, West 9,500-13,500 | 11,900 5,325 19,788 1 2 2 I 28 | 129 2 4
Africa 13,500-17,500 | 15,000 780 3,017 . 5 26 3
17,500-21,500 | 18,100 32 1,216 1 5
Africs | 132500-17,500 | 14,900 1,893 7,269 | 1 L
17,500-21,500 | 18,600 395 1,612 . - -
TOTALS 98,485 370,233 2 5 8 24 69 267 963 {11313 | 366 87 32 14 4 3
TABLE 15
Acceleration data recorded in each geographical region during cruise by Hermes 4A aircraft
X Altitude Mean Recorded Number of times each acceleration wboﬂwsrsa was exceeded
n.mowuw.wwwwgp band altitude time mdmupdw ﬂ Down | Up
feet feet min, miles 0.82g [0.72¢ [ 0.622 | 0,525 | O.li3g | 0.338] 0.23g i 0.23g 0.33g | D.u3g | 04528 0.62z ] 0.722 ] 0.82g | 0.92%
1. Burope 5500~ 9,500 8,700 30,399 107,200 4 | 59| mu || 335 | 66 || 23 3
9500-13,500 | 10,300 27,470 97,993 7 ] 19 49 | 127 | w02 || 337 | 100 || k2 | 17 7 3 2 1
2, East 5500~ 9,500 8,700 12,452 43,381 N 15 55| 400 4,80 87 11 2 1 1 1
Africa 9500-13,500 10,300 13,624 47,833 1 I 18 62 240 240 L6 18 5 1
3. West 5500~ 9,500 8,600 1,39 4,953 .o 6 16 43| 155 158 4y |19 8 6
Africa 9500~1 3,500 10,000 818 2,891 1 1 2 29 L 5
5. Far East 5500~ 9,500 8,700 25,066 85,939 1 2 4 17 45 | 132 | W47 530 171 60 14 10 3
9500-1 3,500 10,200 14,836 51,220 1 .2 7 23 73 290 317 | 120 39 8 6 1 1
TOTALS 126,059 441,410 1 3 14 62 181 553 | 2277 24,9 | 639 || 212 57 3 8 4 1
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TABLE 16

Gusts encountered in each reographicel region during cruise by Hermes L aircraft

E
Number of times each gust speed was exceeded
vertical gust speed in ft/sec E.A.S.
Altitude Mean Recorded T
Geographical Statute h
band altitude vime Dswn § U
reglon feet feet mine miles ! P
I . i | C b
L5 40 35,30:25:20f 15 ; 10| 101 35 20 125 |30 |35 | 4o
R R A i
RN i
5,500- 9,500 | 8,600 | s30 | 1,959 | { ! C20 w2l 20
1o Europe 9,500-13,500 | 12,000 |8,946 {107,804 pobrbrirg a2 nn7hasht 27 ¢ 7 ki
13,500-17,500 | 14,800 | 8,103 31,049 Pt t{10 ¢ 8| 37,12 311
17,500-21,500 | 18,600 | 6,814 | 27,688 | 1] 1! 11 1} 3} 71 15| ‘s | su| 2 611
i | !
5,500- 9,500 8,400 894 3,218 t] 11 1 2l19] 30 6ol 116 41 11| &
2+ East 9,500-13,500 12,000 | 34,739 128,8L9 21 3§ 8137169 625 7851218 [ 55114) 6 31 1
Africa 13,500-17,500 | 15,400 | 6,719 25,372 Li16 | 107§ 110} 14 | 1
17,500-21,500 | 18,400 956 3,764 |2 Si 11} 2
| .
5,500- 9,500 | 8,100 | 177 615 | . - -
3. West 9,500~13,500 | 11,900 | 5,325 19,788 - - Bl 23| 2
Africa 13,500-17,500 | 15,000 780 3,017 61 35| 3
17,500-21,500 | 18,100 312 1,216 1 5
9,500-13,500 § 12,500 | 1,872 6,983 2 8 18] 3| 1
5. Far East 13,500-17,500 | 14,900 | 1,893 7,269 1 L1 1
17,500-21,500 | 18,600 395 1,612 - -
T0TALS (98,485 (307,233 | 1| 2! 5 6] 16 {272 | 1106 1490 {367 [ 86 124! 7| 31 1
]
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TABLE 1

Custs encountered in each geographical region during cruise by Hermes

aireraft

Number of times each gust speed was exceeded
vertical gust speed in ft/sec E.A.S.
o
Altitude Mean Recorded ;
Geographical tand eltitude | time |Stamte ;
region feet téet nine miles bewn i Up
oo : ]
o ; i
uo%;s 30;25: 201 15 10l 10; 15 ] 20} 25;30;35{L0iLS
; | ! : . H
' o : Pl | |
1. Europe | 2900~ 9,500 | 8,700 | 30,399 | 107,200 21 12| 60| 3l ko B 18 2
9500-13,500 | 10,300 | 27,470 | 97,993 5/ 16 50 | 140 L6 3991 113 | L3} 13] 6 31 2 1
: }
i
2. East 5500~ 9,500 8,700 | 12,452 | 43,381 21 13| 62| s3ff 615] 95 | 11| 1{ 1] 1
Africa 9500~13,500 10,300 13,624 | 47,833 2' 13 66 | 266} 2921 50 15 3
o i i |
3. West 5500~ 9,500 8,600 1,294 4,953 91 36| 215} 182 b1 | 13} 6
Africa 9,500-13,500| 10,000 818 2,891 1 1 8 s52ff 83 12 2
S5e Far 5500~ 9,500 8,700 | 25,066 ! 85,939 | 1| 2| 5/17{ 47| 158 | S70ff 671: 199 | 63} 13| 71 2
East 9500-13,500 ! 10,200 | 14,836 | 51,220 1| 2] 5| 24| 8 | 378} 380|131 | LO} 8] 6| 1t} 1
Bul
TOTALS ! 126,059 | LL1,410 11 3}12 L;E»l 169 | 615 | 2863] 3038} 71k | 205{ 46{20} 7| 3} 1




KHARTOUM

_________________ ENTEBBEQN - — -~ 2

4

DAR-ES-SALAAM

LUSAKA

————————— DIVISION INTO REGIONS.

FIGI. MAP OF THE ROUTES FLOWN
BY HERMES 4 AIRCRAFT.



N 3y %/ /
1
y , ~ BERLIN
R T T T T ARSAW
")
\ / ]
B . —— ROUTES FLOWN ONLY OCCAS|ONALLY.
ROUTES FLOWN REGQULARLY
A N v
N\ \BSR
X = ATHENS .
MALTA =
71/ \\ N|c05|A 5
/
I \\‘L\ /// \ A
TRIPOLL ~ .
)// I \\.JAM \\ = FAYID -
// “““\;\ \ ‘\ S~ DELHI
/7 / BAHREINSY. S\~~~
I VA e
-/ / Ay
r \ = N\ CALCUTTA
AD .
3 ll , Yfméhi \\ >) /! ‘
/
/ \ \ ~ o
DAKAR II ! KHA-RIOUM\ e ; BANGKOK
/ 2\ T
, KANO \ ; e ' \ J}\ }n,
FREETOWN p ! N / y AN ‘;f
T~ —— LAGOS \ / i S
N e \ 4 Ny /
e T ACCRA M \ / - /
) 1 \ / 2.’ SlNGAPORE\
2 ENTEBBE AR sUmu /
NNAIROBI

FIG.2. MAP OF THE ROUTES FLOWN BY

HERMES 4A AIRCRAFT.



10,000

QU /I

NN
AN ./

\\E Y

p2

.
~

D,

g et
N\
S o

/
00 04/ /
VAl
10
CURVES ARE DRAWN FOR
DIFFERENT ALTITUDE BANDS
MILE A FOR KEY SEE TABLE I3.
457
Q0
35 25 26 15 10 5 16 15 20 25 30 35 30 as
DOWN up

GUST SPEED FT./5EC. E.A.S.

FIG.3. VARIATION OF GUST FREQUENCY WITH GUST SPEED
DURING CLIMB AND DESCENT FOR HERMES 4 AIRCRAFT.



T~

\ 10,000

ALV

J |

CURVES ARE DRAWN FOR
0 MILE 09, DIFFERENT ALTITUDE BANDS

QUST FOR KEY SEE TABLE 13, /l

30 25 20 15 10 5 5 10 I5 20 25 30 35 40
DOWN upP

GUST SPEED FT./5EC. E.A.S

FIG.4. VARIATION OF GUST FREQUENCY WITH GUST SPEED
DURING CLIMB AND DESCENT FOR HERMES 4A AIRCRAFT,



100,000 /{ii

Sy T/
'ﬂ 1/

10,000
\ \e
,00O /

i

NEE /| |

,
\ - / 7
Oz / CURVES ARE DRAWN

10
\ // FOR DIFFERENT

00 / ALTITUDE BANDS

FCR KEY SEE TABLE 13
00, |

45 40 35 30 25 20 1S 10 5 5 10 15 20 25 30 35 40
DOWN UpP

GUST SPEED FT/sec. EAS

L
=

/

F1G.5. VARIATION OF GUST FREQUENCY WITH GUST SPEED
DURING CRUISE FOR HERMES 4 AIRCRAFT.



k 100,00q} /
MIL
\ ScafsT
10,000
10\ \06 /
\ 1,000

NS

/
/

100 / /

|
]

L —1

fe)

Y

\

/|
o4 / /
700
00 /
N oz 10 CURVES ARE DRAWN __ |
\\ /a4 FOR DIF FERENT ALTITUDE BANDS
\ // // FOR KEY SEE TABLE 13, _,
) /
40 35 30 25 20 I5 0 5 © & 10 15 20 25 30 35 40 45 50 55
DOWN UP

GUST SPEED FT /SEC. EAS.

FIG.6. VARIATION OF GUST FREQUENCY WITH GUST
SPEED DURING CRUISE FOR HERMES 4A AIRCRAFT



|cl>o,ooc qLU[ \ng’ y
&
MILE/ éﬁy A/’?‘Q’A
GUST %,f}’r /// ———
/
/,/
/1
/ // /

o
&/ w
qv//(',‘/
Yor
1,000 ? I ‘.

=
4155

~J
Es ¥ 3

/
N

ST,

HE‘M

4
100 i

T

v
A /
83— L
P
~
\\

—
~~

45 40 35 30 25 20 15 10 S 5 10 15 20 25 30 35 40 45 S0 55
DOWN upP
GUST SPEED FT./SEC. EAS.

FIG7 OVERALL VARIATION OF GUST FREQUENCY WITH GUST
SPEED FOR HERMES 4 AND HERMES 4A AIRCRAFT.



1,000
//
o)
100 //
MILE /7 I
QuUST o ¢
5CENT |
FOR ° ot
GUSTS © pe
10 /
/ © CLIMB AND DESCENT
y G CRUISE
6 8 1e) 12 14 16 8

2 4
ALTITUDE ABOVE SEA LEVEL (LC.AN) IN THOUSANDS OF FEET

FIG.8. VARIATION OF GUST FREQUENCY WITH ALTITUDE
FOR HERMES 4 AIRCRAFT.




100

MILE -

5

GUST
FOR GUSTS &
> |OFT,/5EC &
d
10 o
&y
@ /
§
¢’
© CLIMB AND DESCENT
/ B CRUISE
) /
0 4 8 2

FIG.9. VARIATION OF GUST FREQUENCY WITH ALTITUDE

FOR HERMES 4A AIRCRAFT.

ALTITUDE ABOVE SEA LEVEL (1.C.AN.) IN THOUSANDS OF FEET



0+

14vHOHIV ¥ S3INY3H H0d4 NOIO3Y TTVIIHAVHYOO3O

HOV3 Z_ Ommaw 1SND HLIM ADN3NO3Yd 1SND 40 NOILVIYVA OI9ld

'S'VY'3 Umm\._.m d33d4s 1SN

NMOJ ‘,
s¢e 0¢%"z oz s o Of §| ©O2Z s2 Of 65 Ob Sou
le]e]]
I
|
|
N/ ]
R / 000 \ _
@ / n
0
o )
o
& \¥ P
N BN
S AN )
£ < \
\ A /,///
\ 000%!I
150D _
P/
Ao’ T o T
N Al </
\e \/ 000°001 .,“




\ , 100,000, /

>
923

=
%\

//
v\O\‘)?% — /
v\O‘Cﬁa
\
——
3 \
NS -

-

/
4
a
'?QG
\ \ ‘O
%\G/O ’?ee/o h

10,000,

1,000, )

\ //
\ e /

=
==

3

40 35 30 25 20 5 10 10 15 20 25 30
DOWN uP

GUST SPEED FT./SEC. EAS.

35 40 4S5

FIG.1l. VARIATION OF GUST FREQUENCY WITH GUST SPEED
IN EACH GEOGRAPHICAL REGION FOR HERMES 4A AIRCRAFT.






A.R.Ce C.P. NO.T785 551,551 =

533.6,048,5 [A1] (42) Hermes 4

ATMOSPHERIC TURBULENCE ENCOUNTERED BY HERMES AIRCRAFT ON ROUTES TO AFRICA
AND THE FAR EAST, Aplim, Judy E, May 196,

Counting accelerameter records were obtained of the turbulence
encountered by Hermes aircraft flying mainly on routes fram the UK. =
Burope and Africa, Comperison has been made of results from alrcraft
operated by two airlines, which represent some 427,000 and 495,000 miles
respectively,

Typical variations in gust frequency with gust magnitude, altitude
and geographical location were found and the different methods of operating
the aircraft alsg were seen to affect the results,

AR.Ce CoPe NO,785 551,551 :

533.64048,5 [A1] (L2) Hermes 4

ATMOSPHERIC TURBULENCE ENCOUNTERED BY HERMES AIRCRAFT ON ROUTES TO AFRICA
AND THE FAR EAST, Aplin, Judy E. May 1964,

Counting accelerometer records were obtained of the turbulence
encountered by Hermes aircraft flying mainly on routes from the U, K -
Europe and Africa, Comperison has been made of results from aircraft
operated by two airlines, which represent some 427,000 and 495,000 miles
respectively,

Typical variations in gust frequency with gust magnitude, altitude
and geographical location were found and the different methods of operating
the aircraft also were geen to affect the results,

A.R.Ce CoPe NO.785 551551 @

533.6,048,5 [A1]} (42) Hermes 4

#.1(0SPHERIC TURBULENCE ENCOUNTERED BY HERMES AIRCRAFT ON ROUTES TO AFRICA
AND THE FAR EAST. Aplin, Judy E, May 1984,

Ccunting accelerameter records were obtained of the turbulence
encoL. tered by Hermes aircraft flying mainly on routes from the U, K, =
Europe and Africa, Comperison has been made of results from alrcraft
operated by two airlines, which represent same 427,000 and 495,000 miles
respectively,

Typical wvariations in gust frequency with gust magnitude, altitude
and geographical location were found and the different methods of operating
the alrcraft also were seen to affect the results,
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