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ROYAL ATRCRAFT ESTABLISHMENT

Purbulence Encountered by Comet 1 Aarcraft

by

J.R. Heatn-Smitn, B.Sc.(Eng.)

SUBMARY

Accel eration records have been obtained of the turbulence encountered
by B.0.A.C. Comet aircraf't in 580,000 milos of operational flying on routes
comnecting London with South Africe and the Far East. It is shown that
turbulence decreases with inereasing aliitude. Of all gusts greator than
10 ft/sce B.A.8. 9% were encountered below 27,500, Above 27,500 £t, about
75% of gusts gruater than 10 f‘t/sec E.A.8. occur in cumuliform cloud., In
flight sectors where conditions favour the formation of cumuliform cloud,
pusts may be several times mors mumercus on averags than over widespread
routes,
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1 Introduction

From liay 1952 to Jenuary 1954 Counting Accelercmeters were carried in
3,0,A.0, Comet anrcralt and acceleration records were obbtained of the
turbulence encountered in 680,000 miles of operational route flying.

The data are eramined to determine the variataon of turbuleace with
altitude and tae relative importance of the turbulence occurring in clear
air and 1n cumuliform cloud in the altitude band 27,500 feet to 42,500 feel,
l.,e, abt cruising altitudes. A comparison is drawn between the high-altitude
turbulance 1n &afferent peographical locatzons,

2 Description of Bguipment and Flying
2. Instrument and Install ation

The Counting Accelercmeter] regponds to the accelerations i1mposed on
1t 1n a vertical direction and records the number of tames each of a series
of acceleration levels has been exceeded., BSuccesgsive counters represent’
levels at intervals of 0O.1g and readings are given for a range of 1.2g to
2.9g for wpward accelerations and from C.8g to ~0,9g for downward. The above
values are nominal and have been corrected ian the report oxcept where 1t is
steted otherwise. An alfimster, airspecd indicator and spring-draven clock
are grouped around the counter dial and the whole assembly is photogrephed
at regulsar intervals of approxumately 10 minutes duration.

For these experiments the Counting Accelerometer was rigidly attached
to the airireame approximately 8 feet aft ol the centre of gravity of the
sircraft at tne forward end of the lugeage compartment.

2.2 The {lying covered by the records

Toe records were male between May 1952 and January 1954 on 700 flaights
covering 630,000 miles of operational flying on routes connecting London
with Johannesburg, Colombo, Singapore and Tokyo, Details of the routes are
shown in Fig,1 and the distances flown 1n individual sectors are guven in
Table I, The dzstribution of recording tame between montas of the year 1s
shown in Fig,2, Between London and Johannesburg records were obtained in
all months of the year, but on routes to the cast from Cairo nearly all the
recording tume lay betwsen Msy and November,

3 Data

3.1 Accelerometer data

The accelercmeter data consist of a series of consecubtive records of
average duration 9.4 minutves, Iach record contains the number of times eéch
acceleration level was exceedsd and the gpeed and altatude of the earcrafs,

In the sample ssquence of records given in Table IT sach line records
the time, airspeed and altitude at the end of an interval and the counts of
zccclerations excecsded during the interval, The values of alrcraft weipnt
were calcoulated on the basis of the teks-off and landing weights rocorded
by the aircraflt captain. In the records made during clumb and descent the
altiiude recding 1s corrected for change of altitude during the precedang
ipterval with due regard to the probable variation of gust frequency with
oltitude., Hocords which include the effects of ground loads ere discarded,
Cn an aveorage, the first and last five minutes of each flight are, therefore,
not ancluded in the data. The altitudes alfected are below about 12,500 foet.

Detarls of the time spent at each specd and altitude during cliub,
crulse and descent are gaven in Tables IX, X and XI.

A gummary ol the Counts of Accelceration 1s given in Appendax II.

o
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3.2  VWeather reports

For some flaghts B.0C.A.C. provided copies of weather reports made by
aircrews during fiight., Pig.3 illustrates the weather report which corres-
ponds with the records ot Table IX. Such reports provide valusble information
on cloud rconditions at the altitude of the sircralt. The weather reports were
available for 98w of the high altitude turbulence encountered.

/e Variation in turbulence with sltitude

Using the methods of Appendix I the acceleration data were expressed in
terms of the magnitudes and distribution of the gusts encounteredZ. Allovia-
tion factors were obtained in terms of the mass parsmeter of the aircrafiJd.
The gust counts calculated by this method are mven an Table III, IFf the
rumbers of gusts in the twe lowest altitude bands are increased in pro-
portion to the lost recording time referred toc in section 3.1 it is
found tnat 91% cof gusts greater than 10 ft/sec E.A.S. were below 27,500 £t,
krg.l shows the gust spectrum for each altitude band from sea level to 42,500
4. #ig.5 shows the variation with altitudc of the average distance between
gusts greater than 10, 20, and 30 ft/sec E.A,S. respectively., The upper
portion of the 30 ft/sec curve is extrapolated from the spectrum in Fag.l and
mey require tc be altered when more information 1s obtained.

As upward and downward gusts were found in about equal mumbers, PFigs. 4
and 5 are based on the sum of the two.

Fige5 shows a rapid decrease in turbulence from sea level upwards, From
sea level to about 27,500 £4 the distance betwsen gusts of a given magnitude
approximately doubles during every 3,500 £t rise., Above 27,500 £t the varia-
tion is probably amell and 1s insignificant in the prescnt data. The most
rclisbhle estimate of the turbulence at the high altitudes is that for the band
centred on 35,000 't in which most of the cruise was £lown,

5 Turbulence st high altitude

At altatudes greater tnan 27,500 feet, 1.,e. cruising conditions, the
data consist of 3,080 records, of average duration 9.4 manutes, representing
a distance of 527,000 statute miles.

5.1 Liocation of turbulence of spccific intensity

Table IV soows the distribution of all records eccording to their
content o acceleration increments mumeritcally greater than 0.23g, Accelera-
tions of this magnitude, which are the smallest recorded by the instrument
used, corresponi to en average gust speed of 5.75 f.p.s. E.A.8. and occur on
only 6,%% of the rccords. In 1.4 of the rocords +0.23g is exceeded at least
10 times.

Examinaeticn of the records in chrcnologicel sequence shows the bulk of
the turbulence as isolated well-defined occurrences., Selections were made of
all records containing 10 or more counts of scccleration increments numerically
greater than 0.23g, and of all records contaiming accelerations greater than
0.52g; more than half the records obtained an this way satisPied both
condations.

The selcected records were found to represent 81 separate occurrences of
turbulence. The total counts of the accelerations which were experienced on
these occasions are shown in Table V to comprise a large proportion of the
total counts made dbove 27,500 foet,

- L -
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5.2 The influence of weather conditliohs

B.0.A.C. crew weather reports are avairlable for flights whaich contain
75 of the selected occasions of turbuvlencce. These weather reports cover
9% of all gusts greater than 10 f£t/sec B.A.S. at high altitude., The cloud
descriptions given in Table VI were derived from these reports at the appro-
priate locstion along the {light path.

A dastinction is drawn between the turbulencs assoclated with cumali-
form cloud that may be anticipated by the pilot on vasual evidence and
avoided to some extent, and the turbulence that is unexpectedly encountered
in clear air or in non-convective cloud such as cirrus and stratus. The
counts of acceleration made under these two zonditions are compared in Table
VII. In 21l cases of turbuleénce for whach weather rcports are availsble,
cumaliforg cloud was assccrated with about 756 of the gusts with speeds
grester than 10 ft/sec 5 A.S. ard with all gusts greater than 20 ft/sec
I.A.S8.

5.3  Horazontal ranpe of tlhie turbulence

The horizontal extent of the turbulence along the path of the aircraft
on the occzsions sslected 13 repressnted approxamately by the number of
consecutive records contaiming acceleration counts, The average distance
covered by a record is 65 miles., The estents wers determined spproximately
in 77 casss and their estimated relative frequency is shown in Fig.6.

5.4 The infiusnce of zcographacal location

A comparison was made of the turhbulence over different route sectors
on the basis of the acceleration counts in Table VI, The + 0.43gancrement
level 1s the most surtable as significant counts were made in most scetors
and Teble VI contains 97w of all counts made at tnis level. Similar results
were obtained, nowever, whun the + 0.23z and + 0.33g levels were used for the
COMp ariaon,

Takle VIIT lists the sectors in descending order of turbulence, The
turbulence 1s expressed in tems of the averzge distance to exceed + 0.43g
once and ziso as a ratio to the averape turbulence over all routes, It is
aovparent from the table that in b sectors tne turbulence excesded the
average value agprecigbly., Of these scctors, 4 lie to the east from Cairo
and the relatively strong tuwroulsnce may, to some cxtent reflect the uneven
seasenal distrabution of the recording time on these routes (section 2.2),
Tre turbulcnce on the remaining sector, Lovingstone to Entebbe, is a more
relisble estimate as tne records werce morce evenly distributed through the
year and tne maleage and acceleration counts were much greater. This sector
contrasts wita the adjoining scetors, Livaingstons to Johamnesburg and
Ehartoum to dntepbbe, both of wanicna are below average. The weather reports
show that the predominant causc of turbulence in tnis sector is cumulonimbus
cloud which 18 probably associated with Lake Tanganyika, an extensive ground
feature,

At the other extreme the sectors Cairo to Khartoum, Cairo to Bahrein
and Bahrein to Karachi are sigmficantly lacking in turbulence. Thess
sesctors all lie over desert.

6 Conclusions
The accelcraticr records obtained from Comet aircraft during 685,000

mzles of cperational flying on routes connectang London with South Africa and
the Fer East establish the following conclusions.
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(i) With increasing altitude there is a continuous decrease in the
nber of gusts. Above 30,000 £t no significant variation is
shown by the present data.

(11) 91% of all gusts greater than 10 £t/sec B.A.S. were encountered
below 27,500 feet.

{111) Weather conditions are known for 98% of the gusts preater than
10 ft/sec E.A.3. encountered above 27,500 ft. Cunmuliform cloud
wes assoclated with 75% of these gusts and all those greater
tnhan 20 ft/sec B.A.S.

(iv) 1In flight sectors where conditions favour the formation of
cunliform cloud fusts are more mmerous on the average than
over all routes.
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TABLE T

Distances Flown in Flight Sectors

Average Total

Number Length D;iﬁ:ﬁce D%;;ﬁice
Flaght Sector of of Sector Ahove Above

Flights | Miles | o8 600 Ft. | 28,000 Ft.

Miles 1000 Miles
uvondon - Rome 98 925 640 62.7
Rome - Cairo® 103 1385 1095 112.8
Cairo - Khartoum 59 992 710 41,9
Khartoum - Entebbe 60 1090 810 48.6
Entebbe -~ Livingstone 37 1320 1030 8.7
Iavingstone - Johamnesburg L6 610 330 15.2
Cairo - Bahrein L 1175 885 38,9
Bahrein -~ Karachi L3 10k5 760 36,5
Karachi - Galcutﬁag 34 1125 1135 38.6
Karachi ~ Bambay 13 550 275 3.6
Borgbay - Colombo 8 970 580 5.4
Caloutta - Bangkok” 34 1005 720 24.5
Bangkok - Singapore 14 900 620 8.7
Bangkok -~ Msnila 1l 1375 1090 15.3
Manila - Okinawa 11 9560 680 7.5
Okanawa -~ Tokyo 11 1035 755 8.5
Totelsg 654 527.4

* alternatively Bearut
8 via Delh:

+ sometimes via Rengoon

Note: The doove anfommation relates to 712 fiights.

The combination

of certain short sectors for the purposes of tais report, as
indicated, accounts for the above total of 65i4.

_?...




AntE 11

Specinen Acceleration Record Sequence

Cor—scted NMuwber of times gach acceleration (g) was exceeded
Indif cated Altitude | Alreraft 1 A ar »
oot} B | Mropesd MEi LA | verent f1-03 1s lovel filgnt) Remarks
umber | G.M.T. VI, gy ' ‘ ' Lo
(10 kts) | 1o o7 11000 10 | (1000 1e) |, o 0cfo2s 038045 [0.570.0710.77 1125 1-33 1 4301.52h s2h720 892
1
20 03 7.4 I On the ground av Livingstona.
o717 | 1038 a3 13 96.3 1 tf t| 2] 20] 30| 26 o) zj 2! 4 These acceleratlions are due to
ground loadgs during taxying
o718 10":8 22 17 21 95.2 and take-cff and air louds
o079 1039 20 Za 2t 94.1 during tirst stages of the
0720 | 1109 19 25 3% 930 | climb.
o721 1118 22 31 931.5
o722 1123 a2 31 90.8 |
723 | 1138 22 32 89,7 i | |
0724 | 1148 22 32 83,6 }
or25 | 1153 22 33 87.5 3
0726 1208 2z 33 £3.4 P
0727 | 1218 22 33 853 !. [
0728 | 1228 21 34 64,1 : i
0729 | 1238 21 34 83.0 | |
0730 1243 21 35 51.9 1
o731 1253 21 35 80.8
0732 ] 1308 21 36 79:7 ! -
0733 1318 21 37 78.8 4| 9128} 42]] 5258 18111} 51 4] 3] 3 et acceleraticns in
0734 | 1328 20 37 77.5 i 1] 3) 6t13 |12 25! 42! s0| 29 ! 2011] 5| 4 _jeuzas lond mus
0735 | 1338 22 31 25 6.4 i
0736 1349 21 20 17 75.3
0757 1359 21 3 o7 74,2 |
o738 1409 00 04 73.1 2y 91185l 21 91 4 On the ground at Entsbbhe.
L Ground loads during landing
i by | iand taxying and air loads in
! ! ‘ l ’ : ! 1128t stages of descent,

These recards were made on o flight fron Livingstone to Entebbe on 16.4.53,

The coriraesponding

Weather Report (s given in F

1g.3.




TABLLD ITT

Sumriery of Gust Speeds Encountered

Aliiggie Flying Fiyving | Estimated Batamated Number of Times a Given Gust Speed was
Sea Level Time Distance | Distance Exceeded in the Recorded Distance Flown
I.C.A.N. | Recorded | Recorded Flown Vertical Gust Speed ft/sec B.A.3. (+Up, =Down)
Stat. Stat.
X 1000 % | Hours Miles Males =45 | =40 =351-301-251~20] <1510 =7.5 7.51 10 ) 151 20]125) 301 35} 4O
0-2.5 5 860 10835 2 5 8] 10 48 T2 Melins ! MM 2
2.5-7.5 61 13615 22980 5 14| 701 450 {1090 {1840 {870 1208 | 50| 14| &
T.5-12.5 104 28230 26280 1 1 2 3 7 171 721 45651 1090 {1070 780 | 1191 231 7
12.5-17.5 87 28765 28765 2 71 201100} 272 360 {140 23 3
17.5-22.5 109 36235 36235 1 1 61 17| 86| 198 27511321 331 8| 2| 1
22.5=27.5 142 L9015 L9015 1 1 31 27 a7 1151 31 51 1 1
27.5-32.5 33h 128800 128800 1 8| 61 160 230 791 12{ 2
32.5-37.5 803 34,1200 344200 4 11| 401§ 217 5 7301270 58(181 3| 2
37.5-42.5 129 57030 57C90 1 15 L5 9 | 28 3001
Totals 1774 683860 703200




TABLE IV

Frequency of Occurrence of Acceleration Increments
Bxceeding 0.23g betwsen 27,500 £t and 42,500 £t

Suan of the nuanber of
upward end downward HNumber of Records
acceleration increments Containing at
greater than 0,23g least this mumber

0 8080

1 h5h8

2 335

3 247

L 204

5 182

10 112

15 77

20 57

25 L

30 38

35 30

40 2h.

45 16

i 50 13
60 9

70 7

80 b

90 L

100 1

TABIHN V

Proportion of Acceleration Counts on Turbuleni Occasions
between 27,500 £t and 42,500 £t

Nurber of Times each Acceleration
Increment was Bxceeded

]
Aceel, Increment g 0.2310.33! 0.43]0,52{0,62}0.72 [0,82{0,92]1.02(1.12
Total Counts 185115151 495 230 1071 64 | 32 | 17 5 2
Counts occurring on
selected occasions 328211369) 4811 220| 1071 64 { 32 | 17 5 P

Not uccounted for on

selected oceasions 905{ 146 1k 0 Q0 0 0 0 0 o]

Ditto as percentage

of total P22t 10 3 OI 0 © 0 0 0 0

- 10 -




TADLE VI

Details of Turbulent Occasions Betwee 2/,500 £t and 42,500 't

Location of Peak

Maximum Upwerd

Turbul.ence ol and Dowrmrard
H"m“’mf Accelerasions and Conbined NMurber of Upward and Downward Cloud
Date Bxtent o Gorresponding Accelerations Grester than Stated Increments at the
of Flight Sector GTITg Lot [Longlaly | Turbulence Gust SP;EES Aircraft
Fla.ght . & E,Aagc Position
1000 X65 - 194
DeglDeg | or | Ihles Up [owgflp |Dosn |0.233/0.35g[0h3gj052gf 0626 | O72g 0828 02 g 1025 [112¢
2 4,52 |Ehertoum - Entebbe 0403 | 7! 32E| 39 0~1 1.23057: 5 | 10 16 | 10§ 3 Alto cumulus
2. 4.52 |Xhartoun - Entebbe 0423 1 5N| 32E| 39 0-1 1.23 047 & 7 1& 3 Alte cunulus
6, 6.52 |London - Rame 1600 | 46N] 8| 22 0-2 1.331 077 & 5 12 2 None (Cb tops at 20,000 £t)
11  7.52 |Entebbe ~ Knartoum 145 | 3N} 32B| 30 0~2 1 33| 067/i0 {10 | 141 5 Cumulo mimbus
3 41,52 [Iavingstone - Entebbe 12211 8S| 29E[ 35 01 1 e2| 057[ig 7 13 9 L 2 2 2 1 1 Ciznulo mimbus
21.11.52 |Rome - Beirut 1919 { 38N 25E] 38 01 1.331 067 7 7 15 B 4 Cumlo mmbus
13. 1 53 |Bombay - Colembo 0345 L 17N} 75E| 3 0-2 1.3 o[22 7 27 | 16 3 None
22 1.53 }|Colombo = Bombay 032L | 12N] 77E| 38 2-Y VIR0 T | 7 [ 32| 6 None
22 1.53 |{Colombo - Bombay 042k | 16N| 75E! 36 0~2 1.33| 057) 7 7 17 L None
28. 1.53 |Karachz - Calcutta 0115 | 2511 73B| 31 46 1.3 04813 | 16 [158 | 34 A 1 None
28. 1.53 |Bangkok - Saingapore 1119 | 5N{103E| 34 0~2 1351067/ 7 1 7 2] 4 Cumulo rumbus
5. 2.53 |Idvingstone = Entebbe 1152 [ 128| 288 34 2-l 1 82| 0u021 | 2 T | 29 9 L 1 1 1 Cunilo mmbus
5. 2.53 |lavangstonc - Entebbe 1302 | 65| 30E| 36 13 i.52| 04810 | 40 38 | 36 |13 | 6 Cumulo mambus
7. 3.53 | Rame - Caaro 1903 | 35N 258 38 0-1 1.3310771 & 3 10 3 None
9. 3.53 |Lavangstone = Entébbe 1308 | 33| 3B 36 0-1 2.2 0082t | 18 a5 | 62 | 25 | 16 6 6 L 2 1 Cunizlo mmbus
31. 3 53 | Coare - Khartoum 2259 | 27K) 3om] 32 0-2 103/ 0671435 L 10 | 38 |43 | 2 & Cirrostratus + Altostratus
6. 4.53 {livingstone -~ Entebbe 13491 88| 29B| 35 0-2 212, 0,08{30 | 23 109 {56 } 32 {22 | 19 {10 6 2 2 |Cumulo nimbus + cirrus
6, 4.53 |Iavingstone - Entebbe 1419 | 68| 0B} 36 1-3 1 43| 0 67114 B 99 1 58 t 14 5 3 3 1 Cumulo nimbug + carrus
16, L4.53 |Invingstone - Entebbe 138 | 38! 38| 37 0-2 1.82| 008117 {19 |196 418 | 59 | 39 | 16 | 11 6 L ulo nimbus
20. %.53 |Rome -~ Cairo 1342 | 40| 1GE| 36 0-2 1.72| 038046 {14 ] 29 | 1 71 61 4| 2 /8 Crrrostratus
21. 4.53 |Calcutta - Bangkok 1013 | 16N| 98E| 36 0-1 1 33| 0578 7 7 15 3 Cumulo nambus
21, 4,53 [Mamla - Itszuka 1851 | 27N 1278 30 - 1.52105712 { 10 i2 & 3 1 None -
13. 5.53 |Bangkok - Mamla 1252 | 15N111R] 39 0-1 1.23] 0567 3 5 15 1 Cunulo nimbus
15. 5,53 |Delhr - Karachi 0323 | 278| 72E] 25 0-1 1 s2{ 05702 | 11 26 141 I Not known
19. 5.53 | Mamla -~ Okainawa 1804 | 2AN124E| 34 0-1 1.8 05820 | 12 67 1 4B | 20 7 2 1 1 Cumulo yumbus
26 5,53 |London - Rome 1809 | 48N} BE| 37 0=2 1.33|0571 & | 10 50 | 26 2 Cunulo mmbus
15. 6 53 | Mamala - Bangkok 2307 | 15K[103E] 3. 5-7 1.72| 02821 | 15 [148 | 32 & 2 1 1 unulo numbus in
8/8 Alto stratus
19. 6.53 | Calcutta — Bangkok 0707 | 17N| 96E| 33 13 172103815 |13 | 65 (38 |49 8| 5| 2 6/8 Strotus
20 6.53 | Singapore - Bangkok 0302 | 10N|102E]| 3L 01 1.821 03818 | 1A 72 | W4 ) 16 5 2 1 1 8/8 Stratus
2. 6.53 | Rome — Cairo 2010 | 378| 238B{ 35 0-1 1.3300870 71 7 14 | 2 None
2%. 6.53 | Rome - Cairo 2050 | 34N| 26E] 34 0-2 1,33/ 067 B & 26 8 None
30. 6.53 |Iivingstone - Johsnnesburg| 1308 | 228| 27E! 36 01 1.23] 067 6 B 10 1 None
1. 7.53 | Entebbe - Khartoum 1555 | LN 32B| 35 02 14304812 | 15 70 | 24 8 2 Cuomilo rambus in Altostratus
8. 7.53 | Khartoum ~ Entcbbe 0242 | 11N 328| 33 1-3 1.03|057[17 | # Bz | 2 Cunulo mmbus
5. 8.53 | Rangpon - Calcutta 0530 | 19N 93E| 37 0-2 1.52| 05712 | M 70127 111 3 Cumulo nimbus in Altostratus
5. 8.53 | Caleutta - Delhi 0845 | 27N 83®| 36 0-1 183|067 5 | -B ~[-10 1 Not known
8, 8.53 | Tokyo = Okanawa 2220 | 32N|1345 ] 33 0-2 1.33| 077110 7 24 5 1 Cumilo mimbus
10. 8.53 | Manila - Bangkok 0606 | 15N{1103¢ 35 L6 1,231 047} & g B3 | 13 1 Cumvlo mimbus in thin Stratus
27. 8 53 | Johammesburg - Lavingstone | 0915 | 228| 272| 36 1-3 103105710 | 8 75 | 16 1 None
6. 9.53 | Caleutta - Rangoon 0606 | 2287 90R| 28 01 1.621 05718 1 13 20 | 12 I i 1 Alte cunulus
9 9 53 | Rangpon - Calcutta 0932 | 20N| 928| 35 - t.43[ 057110 | 10 45 12 | 2 Alto cumulus
9 9.53 | Calcutta - Delhi 0748 | 24N| 86E| 29 0-1 1 210,815 + 13 17 [ 13 4 2 1 Alto cumulua
1k, 9.53 | Bangkok - Singapore 0750 | 9N[102E]| 35 0-1 1.43| 06711 8 38 | 14 1 d/8 Mtostratus
14, 9.53 |Bangkok — Singapore 0900 | LN{103E| 34 2=k 1 62|0,0812 | 18 B2 | 35 | 15 6 3 1 g 4 Cumulo nimbus + 8/8 Cumulus
19, 9.53 | London ~ Rome 1711 | WN| 10E!} 28 - 1.33| 0770 8 G 26 3 Cummulo mambus
22. 9.53 | Tokyo — Okznawa 1559 | 32N{134E ] 34 3-5 123005706 |11 2n | 3 1 8/8 Cerrus
23, 9.53 { Manala ~ Bangkok 2345 |1 15N[112E | 35 0-1 1.331 067 9 9 13 | & 5 G:erl'ls, (ou:imlo nimbus
5000' below

- 41 -




TARLE VI (Contd)}

Location of Peak Maczmam  Thpward
Turbulence and Doworvard
_I'I,izt r;zzng;l Acgiiizglt]:‘;o&;nd Combihed Number of Upwerd and Downward Cloud
Date Dim J,,_'E' n Gust Sceeds Accelerations Greater than Stated Increments at the
of Flight Sector c ME Lat|Long|Aly |Turbulence = Aaroreft
Flaght M Tt/sec cr
g L AS. Position
1000 | X655 ! |
Deg|Dog | e | 1nae | U |Down|Up|Domn |az3glazssiansgaseeloses|ores faseslage |t oogliiz g
24. 9 53 |Rope — Londor 0338 |47N] 8E| 35 0-1 1.5d 0.57 | 11 9 20 7] 2 1 8/8 Stratus below
26, 9.53 |[London -~ Rome 1040 } 48N B5El 39 2=l 1.92| 067112 & &6 | 1k 3 4 None
29, 9.53 |Okxanaws - Manila 2043 | 22N|125E( 37 0-2 1.33 0567 8] & 23 4 Cumulo pimbus
29, 9.53 |0kyinzwa = Mamle 2123 | 19W0|123R| 39 -1 1.02 067 |12] B 10 7 5 1 Cumulo nmabus
4.10.53 |London - Rame 0958 {LLN} 10E! 39 0-2 3048} oo |6 43 L 6] 3 4 4 8/8 Mtostratus
6.10,.53 |London - Rome 1919 | 47N| 8E| 39 0-1 1330330 71153 17 7 1 1 | None
6.10.53 |Rome ~ Beirut 2200 (}AN) 17E[ 34 0-2 .33 0 =8| 9] 15 17 5 1 1 1 Not known
8.10.53 |london -~ Rome 1123 |L5N| O9E| 38 0-1 1 3| 067 &| & 25 6 None
| 9.10.53 |Beirut ~ Rome 0313 | LON| 22E| 36 0-1 1 3% 0.57| 810 1% é 1 Gm:mloa bus
12,10.53 {Khartoun -~ Entebbe 0455 | BH| Z2E| 33 0-1 1 Q57| 6] 1¢ i | 4§ 2 None (Y/8 Carrostratus ebove)
13,10,53 [Lavingstone - Entebbe 1233 | 78] 30E{ 35 0-1 1.52] 0.57 111 10 15 | 13 5 2 Cumulo mimbus an § Cumuluas
14.10,53 |Cairo - Rame 0150 | sawl 158! 30 01 143l o6pfiel 8 Yol 61 4 Yot known
14.10.53 |Rome - London 0438 | 45N| 92| 36 0-1 1 g 57 |1C ) 13 5 2 Not known
16,10.53 |Lavingstone - Entebbe 1215 | 88( 29E| 38 0-1 1 0.8 |10 1B 12 6 1 1 1 Cumilo mambus in
8/8 Cirrostratus
48.10 53 |London ~ Rome 1613 | L7N| 8E| 37 1-3 1.3 0481 8| 11 35 9 2 1 Not known
21.10,53 | Khertoum - Entebbe 19 | BN| 32E] 35 0-1 1. .33 ‘T? 16 89 {50 |24 | 14 9 1 Alto ocumulus
21,10.53 |Entebbe ~ Lavingstone 0930 |138| 27E| 36 - 1 QL3 5 9 20 2 1 1 6/8 Cirrus \
24 10.53 |Rome ~ CGaarvo 131 | 30M| 188} 32 ot 4 o281201 19 B0 T 0 47 ) 12 7 5 1 Girrost;'atus (clmlﬂ.o nimbus
below
25 10.53 |Bangkok - Mamila 1242 {14N|106E]| 35 0-2 1.53 o283ty 23 76 F 34 6 2 1 1 Cumilo nimbus
26 10,53 | Cairo - Elmas Ok16 | LIN] 1581 30 0-2 1.92 0 531221{ 15 h2 3 16 9 L 3 1 1 Cumulo nimbus
27.10.53 {Tokyo -~ Okainawa 1550 | 33N|135E| 31 1-3 1 43 0.67|41] 3 5 | 4 3 Stratus N
27.10,53 |Tokyo - Olainewa 1710 |29N[137E{ 35 0-2 1.821-002 |23 26 89 | 43 | 22 | 13 6 L 2 1 1 Cumulo mumbus
31.10 53 |Entebbe ~ Iaovingstone 0717 | 78| 30E| 33 0-1 1.92/ 0,06 (22| 22 Mo 119 6 L 3 3 3 2 1 Cunulo mimbus
5 41,53 |Bombey —~ Colombo 0840 [42x} 778} LO 01 143 - T80 - 1) o4y &/8 Cirrus
11.11.53 {Beirut ~ Rame 0322 | 370 28E| 34 0-1 1.8/ 028204k 19 |45 [11 ] 6| 2 | 2 | 1 Cumilo pimbus
24 11 53 |Singapore - Bangkok 0736 | 8N[1028| '35 Dl 1.524 0,57 |12 | 1t 33 115 6 2 Stratus
30,11,.53 |Entebbe - ILavingstone 0900 | 93| 292! 34 0-1 1.590 7712 & 16 & L 1 Cumulo mambus
1.12.53 |Johennesburg - Ldvangstone| 0215 | 205 278 34 0-2 1.48 0.5710 | 10 33 | 15 7 Stratus
1 12.53 |Lavangstons = Entebbe 1160 [428| 2BE| 35 01 1.92] 0.38 i? 17 g (2 L 2 2 1 1 1 Cumlus
1 12,53 |Livangstone - Entebbe 1240 | 78| 30E| 37 0-1 1.8200.57[17{10 |33 {13 | 5 3¢ 1 4 {1 Cumulus
1.12.53 |Invingstone - Entebbe 1295 | 63} 30E) 39 0-1 1.72] 0.38 151 13 51 | 35 118 | 10 2 1 wlo nimbus + /B Cunulus
8.12.53 {lavingstone = Entebbe 1245 | 58] 30E| 38 0-1 1.43 067111 & 21 7 1 8 Cirrostratus
29.12.53 [ ldvangstone - Entebbe 1300 | 88| 29E| 39 0-2 1.33 067 B 8 18 L Cumulo mmbus
3 1.54 !Xhartoum - Cawiro 2054 118N| 32E| 36 0-2 1.33 0,670 71 7 13 5 None
Total Counts on 81 Occasions 3282|1363 12B1 230 (07 {6k {32 (17 5 2




TABLE VIT

Accelerations in Clear Air and Cumuliform Cloud on Turbulent

Occasions between 27,500 £4 and 42,500 Tt

Rmiber of Times each Acceleration Increment wss exceeded
Accel : l
Cloud : 0.23 10, Q. 0.521 0,521 0. 082 0,921 1,02| 1,12
, Condition increment g 3 33 2+3 5 72
Average gust - . 5
speed t/sec 5.75 £.25 110,75 [13.0 15,5 [18.0 {20,5 [25.0 |25 | 28,0
Cumuliform 2046 | 9621 364 {1351 86! 53| 30 (17| 5| 2
Clear air)
Cirrus i 1408 | 3701 107 | k2| 20| 11 2
Stratus
ot known 1281 3741 10 3 1
Total ;3282 1369: 481:23C° 107| 64+ 32 [ 171 5| 2
Counts occurring in cumuliform cloud and clear aar
as a 7 of those occurring under kpown conditions
Cumuliform 65 ?zi 77 82| 81 83 | 94 |100 | 100 1400
Clear airl
Cirrus 351 28% 2341 187 191 17 6 0 C 0
Stratus J ! 3 ; J
TABLE VIIT
Turbulence in Fiight Sectors Between 27,500 £+ end 42,500 £t
; ! Number of| Average
i ‘iDista.nce Accelera~|Distance Turbulence
i Se i Flown tions | to Exceed Ratio
ctor ™ \
1000 jExceeding] +0.43g [Overall Miles/Count
Miles ; 40.43g once. |Sector Miles/Count
Miles
Bangkok ~ Saingepore &.7 38 230 b7
Menila = Okinawa 745 28 270 4.0
Zntebbe ~ Lavangstone 58.7 201 290 3.8
Okinawa - Tokyo 8.5 27 210 3.5
Calecutta = Bangkok Zhe b 30 580 1,6
Bangkok = Manila 15.3 13 1200 0.9
Khertoun - Entebbe 48,6 39 1200 0.9
Bombay -~ Colanbo Sel o 1400 Q.77
Livingstone - Johammesburg! 15.2 8 1900 0,59
Rome -~ Cairo 112,86 55 2100 0.53
Karachi = Calcutta 38.6 12 I 3200 0. 34
London - Rome 62,7 18 3500 0. 31
Cairo = Khartoum LWt,9 2 21000 =
Cairo = Behrein 38.9 0 - ¢ 0t
Bahrein - Karachi 36.5 0 - J
Karachi - Bombay 3.6 0 - "
All routes R27. 1 481 " 4090 i

¥ No significance,

13“




TBLE 1X

Estimated Time in Minuates Spent at Each Speea and Altitude During Climb

...-}n_.

Lltitude- Above Sey Level, I.C,AN. {X 1000 1t}
Totals
004 Ct) 0z O3] Oh] O5) 06} O7] 0B] 09} 10| 1] 2] 13} 14| 15] 16 17 18} 12] 20) 21| 22} 23| 24 | 25 | 26 | 27

110 15| 5 10 0 10 50

120 80| 25t 25 20 150

130 |135F 28] 1o} 25 10 23

140 |1%0{ 115 60| ao] 20 10 355

3] 150 ésl 130} 130] 95 S0 &5) L] 151 10 5 10 615
5 160 35( 120 160 o) Wolt20p 751 351 3| 5] 10 10 705
?, 170 5| 651110l 23| 3252550170 LO| 65| 10 10 1285
21 18 35 65] 701 451 0 i105{ W] 1904 10 20 10 10] 20 10 530
E 190 10 751115 751 95! 20)] 30| 10} 20 20 20 10 10 851 10| | 10] 551 657 65} 170] 2551 1235
g 20 10 851140 | 130 185] (20 <1 65| 30| 30| 20] &5 65] 65105 65[ 1051 1h0 |25 | %65 665[ 675 735| $60| 5125
aj 210 10 10 S o5|105] b5{iC0| 65| 55] 65| B51 1501120 200235 | 375 Lo0 | 500 (590 4O 320 35| 180 65| iBto
§ 220 ] 20| 95] 75|120 23517011301 2350 25| 2801 2051 320 355|255 | 245| 2365130 | 40| 20| 1w0| 10 3480
“ 1 oemp 20 0] 10] 20} 551 85) 85| =205{1%0] 130} 160} 4o} 105} 15| 751 | 20 10 1395
alo 10 20 4o 30| 65 3¢] 201 20 10 10 255
250 10 10 20
260 10 10
lotals (465! 5% 630 520 | 510 | 7.0 805'620 770 { 570 695 1 5251 5101 5L0 51;5{525 560 805 1 635 | 780 | 810 | 810 [ 875 { 910 { 1090 | 1105 | 1105 | 1280 | 20265

Thisg table represents 710 climbs




TASLE X

fstimated Time in Minutes Srent at Bach Speed and Alvitude During Crudse

Mltitude Above Sea Level, I.C.AN. {X 1000 f£t)

Totals
28 29 30 31 32 33 3L 35 36 37 36 39 KO | 4 L2
170 101 16| 201 401 2o} 20 20 20 30} 20| 20 10 210
m 180 75 55| 150 951 2451 255 140 1701 130 75 95 30| 45| LO {10 1610
:’é 190 550 | 900 | 885 7451 7601{ 535 401 280f 190 | 215| 205| 130 85} 10 5570
2 200 780 | L25 | 5351 2hb5 1 225 3855 620 84,51 845 | 1045 9801 620|265 30| 3C | 7345
% 210 3201 290 | 470 ] 780 {1855 | 3555 | 488G | L4495 {4905 | 4025|2395 | 1080 | 375 4O 29465
a 220 3,00 430 {1155 | 2245 | 3150 | 4250 | 4265 | L1140 | 3150 [ 1965 | 790 | 365! 45 26240
g | 230 160 | 190 | 330| 660 | 725| 5%0] 60| 865| 30| 95| 20 44405
"§ 210 201 10| 40| 1ol u8! 20 L5 20| 10 10 230
g | 250 10 10| Ao 30
"1 260 10 10 20
270 10 10
Totals | 23051 2310 | 3605 | 4,840 | 7025 | 9580 | 10780 | 10505 | 9570 | 7420 | £515 | 2225 | 825 | 120 ; 40 | 75635
Thig table represents 712 cruises




TABLE XI

Estimasted Time in Minutes Spent at Faecl. Speed and Altitude During Descent

svitude Above Sea Level, L.C.AN, (¥ 1000 f%)

Totals
co 93] o2! 03! ou}l O5{ C6] 071 08 094{ 10 i1 12 134 141 15| 16] 17 181 19y 22| 2¢ 22| 231 241 25| 26| =27

110 ol 1i5) W i 20 bS5
20 {2051 #0]125! A0, 3| 20| 5| 10 730
130 3| =2651125) 75| o] 20 5 560
140 5| 1751105 65) 704 35| ki 101 20| 15 10 55
a |13 51 9s5i 15| 6sfcoi1m) 757 o) & 201 20! 10 75
g | 160 651160 115] 195{ 100 | 170 [ 155 120} 85| Lsl 20 t0 10 1260
g 170 15 L5 110t 65 105 2001 1651 155] 120 g5t 3] 2 10 10 10 10 10 1165
§“ 18 15] 25 50| 1253110130 75] 1851 65| 105) 75 10| 10 4o 10} 10| 20 10 1080
% |1 ol 20§ s55¢ 651 758 1301120 95 | ot 20l 0| 10} 81 20] 20 % Wl ol % !l 1ol 1018
§ 220 201 10 551 20 95 55| 95120 75} 75 65) 8si115) 751 A5 5! 751 s55) 78] 650 651 Loj 75) 85 1585
§ 210 20| 20| 85§ 951140 15| 951115 | 85| 115120 190 160 {180 130 | 205 | 195] 205 | 170} 190 [ 1450 { 160 | 294D
E 220 201 lof 85| o] 750 130] 1204105 95( 9511954 150 130| 275|275 | 190} 235 | 340 | 255 310 | 215 3365
230 10 Loy 10) 651 Loy 201 K5) ks Ll 115y 45y O] Loy 75 30y hsy &) 75| ) b5l oS
2i0 10 10 20} 20! Ip 200 3 10| 1o} 20¢ 30| 20 100 250

250

260
Totals| 555 | 10201 730} 505] 605 565171.05665‘ 750| ol 630 635f L75 300 | 3604 L2o | 1351 7001 Lo 155 570 Ghoi 54D 580‘730 5805595§525 16520

This table represents 586 descents




APPEIDIX T

Method of translating acceleration into gust speed

It 1s assumed that the nomal acceleration at the instrment position
is that at the centre of gravity of the aircraft, The recorded accelera-
tions are translated inte verticel gust speeds by the following method.

Aarcraft welght is divided into bands of width 10,000 1lb centred on
mesn weights of 104,500 1b, 94,500 1b, 84,500 1b, 74,500 1b, 64,500 1b.

Indicated airspeed ig corrected for pitot head position errcr and
compressibility. The airspeed range is davaded into 10 knot bands.

The altitude range 1s davided into a sea level band from O to 2500 ¢
and bands of 5000 ft width centred on 5, 10, 15, 20, 25, 30, 35 and 40,000
feet.

The counts of acceleration are grouped according to the weaight, air-
speed and altitude of the sircraft snd the gust speed corresponding to each
group 18 found from the formula:

7 o= 0B¥
F%poav
7 equivalent vertical gust speed

én normal acceleration increment in g units
w wing leading
F gust alleviation factor* (Zbrozek)
0o air densaty at sea level (I.C,A.0.)
a slope of the lift curve at eppropriate Mach No.
v 1ndicated airspeed
By simple graphical interpolation the counts are referred to gust
speeds of 7%, 10, 15, 20 ..... £t/sec and a gust distribution is obteined
for each altitude band, #$he mileape flown 1in each band 1s calculated and

gust spectra are obvained in Tterms of the average dastance between gusts
excecding daifferent magnrtudes.

* The gust is assumed to increase linearly to its maxumm value in a
horizontal distance of 100 feet. The alleviating factor is calculated as a

function of the mass parameter Ug = — 2?

gpc a
and € 1is the mean waing chord. Allowance is made for the effect of wing
aspect ratic on the rate of growth of 1lif't and for the effoct of compressi-~
biiity on the unsteady 13ft Punction.

- 17 -

where ¢ is air density



AFFENDIX, TT

Summary of Acceleration Data from Come: Arrcraft (Anril 1952 to Janusry 195L)

M titude

.

Haiber of Tames Each Level of Acceleration was Exceeded

Indicated Above Aircraft | Recordang
Aarspeed ol Wex ght Tame N A £
(10 uots %:goge;r.t (10,000 1b | (9.5 wun amnel Acceleration (see footnote)
i ts) units) un1ts) un1ts) 01g|0.2g | 0.3 {0.42| 0.5 0 6g | 0.7 | 0.8g {|1.2g |1.3z |1.4kg!| 1.58 1.6g 1.7 {1.8g| 1.9
14 00 06 001 00 00 oD oo 0G| QGO | SO0 | 0000 {{ 0008 § 004 | QOO 00 Q0 00 Q0 00
001 (814] 00 00 00 00 | 000 [O000 | o000 {| 0008 | O0Qh | 00O Q0 00 o 00 ¢0]
12 00 o7 002 00 00 00 00 00 | 000 | 000 | 0000 (]| 0000 | 000 | 00O 00 a0 00 oo a0
13 00 07 004 Q0 00 0 (81 Qo ooo {000 Q000 || 0003 | 002 Q00 00 00 00 00 Q0
1k Q0 07 003 00 00 4 ag 00 ; 000 | 005 0013 [10030} 005 | 00O 00 00 00 00 00
15 00 07 Q05 Q0 00 oo o0 00 7 000 ; OO0 0001 Q011§ 001 000 00 Q0 00 00 00
16 00 07 Q05 00 872 06 4 07 | 003 | M8 | 0020 || 0055 | 031 009 09 02 0z 00 00
17 00 o7 003 00 00 4] 00 00 | 00D | 00O | 0000 1] 0003 | 00O | 000 00 00 00 o0 a0
022 00 2 06 05 07 | 003 | 023 0034 1] 0102 |1 039 0035 0% oz 02 Q0 00
16 0 08 01 00 00 a0 00 GO0 [ 000 | 0od | 0000 | 0000 | 000 | 000 00 00 00 00 00
17 Q0 (3] Qo1 Q0 00 00 Q0 00 | GO0 | 00O | 0000 || 0000 | 000 | 000 00 00 00 00 00
002 00 00 00 0o 00 | 000 | 000 | 0000 [f 0000 | 000 | 00O 00 00 00 00 00
s
15 Q0 09 001 Q0 o0 0o QG 0o | 0ol 03 ¢ 0011 0013 | 006 | o0l 00 o0 00 (¢l9] 00
18 00 09 001 ¢14] 00 Qg oo 00 | 000 | 00 | 0000 {| 0000 § D00 | QOO 00 00 00 (014] 00
21 00 09 oo 00 0Q 00 o0 00 [ Q00 | 0O | 0000 {| 0000 | 000 | 000 00 ag 00 Qo Q0
23 0o 0% 002 00 o0 op 44) 00 | 00G ;00D | 0000 |l 0000 | GDO | Q0O 00 00 00 o0 CO
005 00 00 | 00 0 00 {1 DO 003 | 0014 0013 | 006 | 001 00 00 00 Q0 a0
12 (4.4] 10 44,1 00 00 od 00 00 | 020 | OO | 0001 0005 | 002 | 030 D0 00 00 00 00
00t 00 00 14,4 00 0O | 00D | O 0001 0005 | 002 000 0.4] 00 00 00 00
03 00 02 05 05 07 1010 | 027 |ooLé , 0128 | 051 010 09 02 o2 o0 00

The necessary correctionz for instrument error to the naninsl ecceleration levels are

1.2,

1.38, 1.he

1.5 and greater

0.8g,

0.7e, Q,6g

0.5¢ and emaller

+0.03g
+0,02z
~0,03g

-0, 02




Speed | Altitude | Weaight | Time | 0.1g | 0.2g | 0.3g | O.4g | 0.5 [ 0.6 |0 Fg | 0.8g {| 1.2g[1.3gj1.4g]1.5g|1.6g|1.7211.82{ 1.9¢
13 05 06 007} 00 00 00 00 00 (000 |0D0 | 0000 0007 | 001 | 000 00 00 00 00 00
14 05 06 001 00 00 00 00 00 |00 (000 | 0000 0010 | OOy, | 000 00 00 00 00 00
15 05 06 001 00 00 00 00 00 {000 (001 10009 0029 1 010 | 002 00 00 00 00 0o
16 05 06 002 00 00 00 00 o0 (000 | 00D ! OO0 0005 | 001 | 000 00 00 00 0o 00
17 05 06 005 00 00 00 00 eo (ool | 003 | 00O7 0032 [ 011 | 005 02 00 00 00 00
18 05 06 00!, 00 00 00 00 00 | 000 |OQoo | Dogo 0013 | o | 000 00 00 00 00 00

18 00 00 00 00 00 o 0o | 0017 0036 | 031 | 007 02 00 00 00 00
41 05 07 002 00 00 00 00 0o {00C {005 |["0017 QR7 [ 013 | o008 00 00 00 00 00
12 05 07 003 00 00 00 co 00 | 00G |} 000 | CDO2 COly | 008 | 005 02 00 00 00 00
13 05 07 005 00 00 00 00 o0 [000 jO2 {0017 0050} 017 | 008 03 03 02 00 00
1 05 07 010 00 00 00 00 00 | o0d |00t {0003 0034 | 013 | 003 02 00 00 00 00
15 05 07 016 00 00 00 Qo oo |ooc |oel § ooos Qon3 | 007 | 00O 00 00 00 00 00
16 05 07 040 00 00 00 00 03 lool jois | 0050 ¢175 | 051 | 019 06 ok 02 o1 00
17 05 07 a5 00 00 00 01 02 PO08 Jou9 | 0131 0288 | 097 | 028 06 ol 00 00 00
18 Q5 07 033 00 Qo 00 00 0o Lo0L [ 013 L oouB Mo7 | 5 | ol 05 02 02 o1 ot
19 05 07 018 00 00 00 00 oD | 00% | 003 | D007 QuL7 1 015 | 002 02 00 00 00 00
20 05 07 008 00 00 D0 00 00 | GOD | OUB | 0007 0021 | 009 | 002 02 01 Q0 00 00
21 05 07 005 00 00 00 Q0 Q0 | 000 | 000 | 0003 0003 | 000 | 000 00 00 00 00 00
22 05 07 002 0o o0 00 00 0c | 000 | 000 | 0000 0000 | 000 { 000 00 00 00 00 00
23 05 07 001 00 00 00 00 Q0 1000 | 000 | 0000 Q000 | 000 | 000 0¢ 00 0G 00 00

188 00 00 00 01 0z {013 |09 | 0298 0302 | 275 | 090 29 11 06 02 01
1 05 08 001 00 00 00 00 00 [o02 {0C7 | 0030 0052 1 019 | 004 00 00 00 00 00
12 05 08 001 00 00 00 00 oo | 007 {005 | 00410 o314 | 003 | 000 00 00 00 00 00
1 05 08 001 00 00 0a Q0 oo |00 |ooo | oooo 0000 | oo | 00O 00 00 00 00 00
15 05 08 00k 00 00 00 00 03 1000 | 003 | 0017 0022 | 007 1 000 00 00 00 00 00
16 05 08 006 00 00 00 00 00 00 | 003 {0008 0008 | oo, | 001 00 00 00 00 00
17 05 08 007 00 00 00 00 o1 o4 |0y ! 0028 0045 | 021 | 005 02 00 00 00 00
i8 05 08 oi2 00 00 00 00 co (000 | coo | ocool 0006 | o1 | 000 00 00 00 Q0 00
19 05 08 005 00 00 00 00 00 {002 o001 | 00O 00i2 { 008 | oo 02 01 00 00 00
20 05 08 010 00 00 00 00 oc |001 (009 | DOZG QO25 [ 010 | 001 00 00 00 00 00

21 05 08 o0, 00 00 00 00 00 - 000 {000 | OOOD 0000 | 000 | 000 00 00 Qo 00 00
22 05 08 002 00 00 00 00 o0 (o001 | 006 | Oo1 0020 | 001 | 000 00 00 00 00 00
23 05 08 004 00 00 00 00 00 | 000 (000 | o000 0000 | 000 | 000 00 00 00 00 00
2 05 08 oo 00 00 0o oo co {000 (o002 | QOOB o012 | ooy | oo 00 00 00 00 00

055 00 00 00 00 01 {003 | 050 | M3 02131 078 | 043 ol 01 00 00 00

11 05 09 001 00 00 00 00 0 | 000 {000 | 0003 0002 | 001 | 000 00 00 00 00 00
12 05 09 o 00 00 00 00 oG | 000 000 | QDo3 0eo3 | 000 | ooo 00 00 00 0]¢] 00
13 05 09 002 00 00 00 00 oo | 000 1000 | 0004 Q002 { 001 | 000 00 00 00 00 00
15 05 0% 001 00 00 00 00 00 f000 |00C | QOCD Q003 | 001 | 00O 00 00 00 00 00
16 05 09 001 00 00 00 00 00 |000 |ooo | 0ODG 00i2 [ 002 | 000 00 00 00 00 00
17 05 09 00l 00 00 00 00 00 |o00 | 002 | OO0 0011 | 003 | 00O 00 00 00 00 00
18 05 09 |jol9 { oo | oo | O oy o2 |oo3 |o11 | 0o26 0085 | 032 [ 009 | 02 01 ot 01 00
19 05 09 023, 00 00 00 00 o |03 | (M3 | 0036 0063 | 021 | 006 01 00 00 00 00
20 05 09 025 00 00 00 00 02 1003 |01l | 0033 0061 | 017 | 006 02 00 00 00 00
21 05 09 010 00 00 00 00 o0 [oo0 | ooo | ocood 0003 | 000 | 000 00 00 00 00 00
22 05 09 g5 00 01 01 01 01 1001 (005 {0015 o022 | 006 | 000 00 00 00 00 00
23 05 09 008 00 00 00 00 00 | 000 | ooy { oDl 0021 | 0Q,. | 000 00 Q0 00 00 00
2L 05 09 002 00 00 00 00 Q0 | 000|000 | 0000 0000 | 0cO | 000 00 00 00 00 00
25 05 09 o001 00 00 00 00 Q0 | o0ca |ooo | ooor Q000 | 000 | COO0 00 a0 00 00 00
26 05 o |oot 00 | o0} o0} o0 | oo o000 joObo Joooo (! 000D} OO0 (OO0 | 00O ] 00 | OO | QO | 0O

115 00 o1 02 02 06 {ol0 (048 | o6z 0295 088 | 021 05 01 01 01 00
17 05 10 001 00 0o 00 00 o0 | 000 {000 | 0000 0000 [ 000 | 000 00 00 00 00 00

18 05 10 o1 00 00 o0 00 00 | 000 | Qo0 | oOOo 0000 | 000 | 000 00 00 00 00 00
19 05 10 001 00 00 00 00 00 | 0RO | Q00 | 0000 0000 | 000 | 000 o0 00 00 00 00
20 05 10 007 00 00 00 00 00 | 000 {001 ! ool 0002 | 000 | 000 00 00 00 00 00
21 05 10 002 00 00 00 00 00 | 000 | 001 | oood 0002 | 000 |} 000 00 00 00 00 00
22 05 10 o0y 00 00 a0 00 00 | QD0 {000 0001 Q0L | 002 | 000 00 00 00 00 00
23 05 10 001 00 00 00 00 00 0Ot OG2 0004 0C05 | 001 | 000 00 00 00 00 00

017 00 00 48] 00 00_ | 00 |00y {0007 |t _O013] 003 | 000 |00 00 00 00 00
3689 00 o1 02 03 09 | 03 |196 | 0627 1425 475 1131 L0 13 o7 03 01

- 49 =




Speed |Altitude | Weaght ) Time | 0.1g | 0.2g [ 0.3 | Oukg 10.5g |Dubg | U.Fg | D.0g 1.2 1 1.3 | 1.8} 1.58] 16t 1.7c) 1.8} 1.9¢
21 10 05 001 414] 00 00 o0 o0 000 | 000 ) ooo Co00 | 00O | 000 00 Q0 #10] 00 00
001 00 00 00 Q0 00 (000 {000 | 0001 0000 | 000 | 000 Q0 Qo 00 Q0 00
14 10 06 001 00 00 Q0 00 00 000 |000 {0008 0012t 005 | Q00 00 o0 00 00 00
15 10 06 002 00 00 00 00 Q3 [000 {000 | O3 0006 | 004 | 000 00 00 00 Q0 00
16 10 06 003 00 00 oo Qo Q0 |0QQ {003 oLk Q025 | 014 | 0O, 00 00 00 00 00
17 10 06 005 Q0 o0 00 Qo 00 (000 (0G0 | oOM Qoto | oo 000 00 00 00 00 00
18 10 06 005 00 00 00 00 00 |[006 | 023 | 0039 0068 | 031 | 010 05 01 00 00 00
19 10 06 005 00 00 00 00 00 (000 | 002 | 000y 0010 { 001 | OGO Q0 00 00 00 00
20 10 D& o0, 00 00 00 00 oC 000 [ 000 | DOH 0015 | 006 | 002 02 00 00 00 00
21 10 06 002 00 00 00 00 Q0 | 000 | 000 | 0002 0007 | 000 | OO 00 00 00 00 00
22 10 06 ooz 00 00 00 00 0C |oc0 Q00 | 0000 0000 | 000 | 000 00 00 00 00 00
23 10 06 oot 00 0 00 Q0 00 (000 [ Oo0g 10000 2000 | 000 | 0OC 00 00 o0 Co 00
030 00 00 00 00 00 | e0c | 028 | 000 01521 059 | 016 07 o1 00 00 00
14 10 07 002 o1 01 02 02 03 (005 (027 |oo4L7 00731 032 | 010 47| 00 00 00 00
15 10 07 007 ¢o o0 00 00 o0 000 J 000 1 ODod 0OOB | 000 | 00D 0]0) 00 00 c0 00
16 10 07 025 00 00 00 00 00 |02 [012 | 0040 0102 | 035 | 007 02 00 00 00 00
17 10 07 335 0o 00 00 00 03 |0lo | 038 | 028 0291 | 105 | 033 08 02 0z 00 00
18 10 07 o046 00 0 0o 01 o1 |01t {o55 | 0135 02,0 | 096 | 028 09 03 02 ol els]
19 10 07 036 00 00 00 01 Oz (000 {030 {0062 20| 00 o012 05 4 03 (071 00
20 10 07 2 00 00 00 00 c0 [ooo | 010 [oon3 0082 | 031 | 008 o1 00 00 00 00
21 10 07 o5 00 00 00 00 03 {005 |02z |0058 0108 | 034 | 015 05 01 00 00 00
22 10 07 O3k 00 00 00 00 DO JOO0 JOUE | 006 D050 015 | 002 M 01 Q0 00 00
23 10 07 o5 00 00 00 00 00 |001 j 002 | OoDON 0012 | 004} 00O Co 00 00 00 00
2 10 07 001 00 00 00 00 00 |000 | Q00 | 000D 0000 | 000 | 000 00 00 00 00 00
288 01 o1 02 Qh 12 topd 1202 | 052 1086 { 392 | 115 32 11 07 02 00
14 10 0B 001 Qo 00 00 00 00 |oo0 {00l | ooy 0002 | 000 | 000 00 00 00 00 00
14 10 08 001 00 00 00 00 o0 {093 | o017 {0028 0034 | 016 | 008 02 00 00 00 00
16 10 08 Q03 Q0 00 Qz 03 Q. 1008 |18 0036 00571 02B | 009 05 03 02 vy 00
17 10 o8 006 00 0o ¢4) 00 00 | 013 | ooso 0081 | 027 | 007 01 00 00 0C 00
18 10 08 005 00 Q0 0 00 0o 000 (003 ¢ COid 0028 | 011 000 #]0) 00 00 00 Q0
19 10 08 013 00 00 00 00 03 [00k |0t | 0027 o5 | 016 | oon o1 01 00 00 00
20 10 08 013 00 00 ™M o1 G |00 | 029 |07 0061 | 031 | 014 03 00 00 00 00
21 10 08 023 00 00 00 00 ¢ |ooz 1007 | 0034 0050 | 011 | 003 o1 00 00 co 00
22 10 08 019 00 00 00 Q0 03 {003 [013 10039 0033 014 | 003 00 00 00 00 00
23 10 o8 1B o0 00 00 DO 00 j 00D | ook ooty 0020 | OCh | 002 o 00 00 00 00
24 10 0B 001 00 00 00 00 00 |0DO [ 000 | DOO0 0000 | 000 | Q00 00 00 00 00 00
103 00 00 03 o4 1 | 030 {108 |0293 14 | 1656 | o47 14 ol o2 00 00
16 10 09 001 00 00 o0 00 00 | 000 | 00D |ooo1 0000 | 000 | 000 00 00 00 00 0o
17 10 09 o0l 00 00 00 00 Q0 (000 | 009 {00l5 Q015 | 006 | 0Of 00 00 00 00 0d
18 10 09 002 00 00 00 00 |00z |O0n |QOi2 00331 010 | o0z 01 00 00 00 00
19 10 03 013 ol o1 ol o o1 {002 yol0 | oozB 0025 1 010 | 001 01 00 00 00 00
20 10 09 033 01% | o 02 03 05 |oos o019 | oouB 00LB | 021 | 005 o o1 01 00 00
21 1C 09 026 oD 00 00 0o 00 | 001 | 007 {0025 o028 1 006 | 000 00 00 00 00 o0
22 10 09 069 00 00 00 00 01 001 | 0Dz | 0002 o042 | 007 | 001 00 00 00 00 00
23 10 09 o7 00 00 00 00 ¢l 1603 | 009 | 0020 00331 011 {002 02 02 co 00 00
2. 10 09 015 00 00 00 00 01 [002 fo0y 10010 0014 | 011 | OOk 03 02 01 o] 00
25 10 03 ool 00 00 00 00 00 | 000 | 000 {0000 Q000 | 000 [ 000 00 00 00 00 00
213 2%l o2 Q3 Oh. 10 1017 | 06k | 0160 0238 | 082 | 016 11 05 02 01 o0
20 10 10 003 00 00 00 00 00 |O00 [ 003 | 0005 Q005 { ool | 000 00 00 00 00 00
21 10 10 003 00 00 00 00 00 | 000 | 000 {0003 0008 | 002 | 000 00 00 00 00 00
22 10 40 0t 0D co Qo o1 o1 ool ooz | 0003 0007 | O04 | 003 03 o 00 00 00
23 10 10 003 00 00 00 00 00 (000 | 000 | OOCD 0000 | 000 | 000 00 00 00 00 00
2} 10 10 003 00 00 00 00 00 | 000 1000 | 000 000y | 002 | Q00 00 00 00 00 00
029 00 Q0 00 01 o o0 1905 tool2 0024 | 009 1 603 Q3 14 00 0Q Q0
, 66l 03* 1 03 08 13 3 1095 1HO7 [1116 11911 700 ' 197 67 |, 22 11 03 00

* 1 count continues to -0 3g

- D0 -




Speed |Altitude | Werght | Time 0.2g 0.4g | 0.5 | O.6g) 0.72 0.8z |1 1 2g|1 3g]1.48]1.5¢ 1.72 | 1.8g |1.9¢
20 15 05 001 00 00 00 | 000 | o000 |00 0000 § 000 | 000 00 00 00 00

o0t 00 00 00 | 000 | 000 | 00O% Q000 | 000 | 000 00 00 00 00
18 15 06 001 00 00 00 {000 [000 {0000 0006 | 002 | ool 00 00 00 00
19 15 06 002 00 00 oc |ooe | coo | oooo oot | 000 | 000 00 o 00 00
20 15 06 004, 00 00 00 | 000 000 {0000 0003 | 000 | 000 00 00 00 00
21 15 06 004, 00 oy 02 [ 003 | 008 |06 o7 1010 | 00b 02 00 00 00
22 15 06 005 00 00 00 [O00 | 000 [ 0000 0000 { 000 | 000 Q0 00 00 00

016 00 01 02 | 003 o003 |O0iE o027 o2 | 006 02 00 00 00
16 15 07 oo 00 00 o¢ | ooo | 000 | 000D 000 | 000 | 000 00 00 00 00
17 15 07 002 a0 00 00 |ooo | 004 | 0003 o0 f oot | 000 00 00 00 00
18 15 07 00% 00 00 oz |oos | ofn | o018 0032 | 015 | 006 o2 ol 00 | 00
19 15 07 |06 01 02 05 |00y | 035 |o00B2 Q077 | Q42 | 021 11 02 00 00
20 15 07 034 00 00 ol jo01 | oon | ooty |t 0028 | 007 | 001 00 00 00 00
21 15 07 | 057 00 00 | 00 005 | 009 |07 |ioo2ifot2 oo | OO 0o | oo | o0
22 15 07 055 00 00 00 p0o0cé |25 |oo3n |] 0054 | 021 | 009 o1 00 00 00
23 15 07 030 00 00 00 | 000 ] oot | 0oos 0008 | 003 | 000 00 00 00 ¢s)
24 15 07 006 00 00 00 | 000 ] 000 | CDO3 0002 | 001 | ooo 00 00 00 00

204, 01 o2 08 | 020 {089 fO1MS o3z | 402 | ol 1L, 03 00 00
14 15 08 001 00 00 00 | 000 | 000 | oot oooe ol | 000 00 00 00 00
18 15 08 002 00 00 00 | 000 | ooo | oooi 0000 | 000 | 000 00 00 00 00
19 15 08 00l 00 00 00 | ooo | o003 | 0009 Q009 | 003 | 000 00 00 00 00
20 15 08 013 ol 02 02 |0O0E | 005 | QOIS 0025 | 016 | 005 0l 00 00 00
21 15 08 029 00 00 00 |000 | 001 | 0015 0003 | 001 | 004 00 00 | 00 00
22 15 08 Q0 00 00 00 |oo0 | 000 | 0602 0002 | 001 | 000 00 00 00 00
23 15 10.3) 013 00 00 00 JooD [000 | 0000 D001 | 000 | 000 00 00 00 o0
2 15 08 002 00 00 00 {000 | 000 {000t 0ood | 001 | 000 00 00 00 00

106 ol 02 | 02 1006 | 009 10042 0057 {0235 {006 | o oo | oo | oo
19 15 09 002 00 00 00 | 000 {000 o000 || 0000 | 000 | 00O 00 00 00 00
20 15 09 017 00 02 03 |07 M8 | o065 0063 1 019 | 006 ot 00 00 00
21 15 09 0,8 00 o1 03 1005 | 021 | 0057 co7r L o21 | ooy 02 00 00 00
22 15 09 097 00 00 00 j002 | 00y | OO0 0003 { 004 | 000 00 00 00 00
23 15 09 035 00 00 00 | 000 D00 | 0007 0012 1002 | 000 00 00 oo 00

199 00 03 o6 o1y |3 o129 HE7 |46 | 010 03 00 00 00
20 15 10 001 00 00 00 |000 | D00 | 0OOM 0002 | 004 | 000 00 00 00 00 00
21 15 10 00 00 00 00 | Q00 | 00O | 000 Qood | 000 | 000 00 00 00 00 00
22 15 10 018 01 01 oz |ooz | oos |00O7 0008 | 005 | 003 o2 00 00 00 00
23 15 10 007 00 00 00 {000 {000 | 0000 0001 | 000 | 000 00 00 00 00 00
24 15 10 002 00 00 00 | 000 jo00 | oooo 0000 | 000 | 00O 00 00 00 00 00

032 o o1 02 {002 {005 |ooo8 oY | 006 | 003 02 00 { 00 00 00

558 03 05 20 [ On5 145y | O342 onLBYy 1189 | 066 25 08 03 00 00




Speed | Altatude | Werght | Time § O.1g { 0.2g{ 0.3g [ 0.4 | 0.52 | 0.6g1 0.7 | 0.8 {|1.2g{1.32}| 1.4 |1.55] 1.6g| 1.72 | 1.8 [1 9g
17 20 06 ool 00 00 00 00 00 [ 000 | QOO | OC00 0001 | 000 | 000 00 00 00 00 00
19 20 06 001 00 00 00 00 ob (000 | 00o | OODO 0000 | 000 | 000 00 00 00 00 0o
20 20 06 002 00 00 00 00 00 | 000 |¢0O | 0000 0000 | 000 { 000 00 00 00 00 00
21 20 06 00l 00 00 00 00 Q0 {000 | 000 | 0000 0001 § 000 | 00O 00 00 00 00 00
22 20 06 007 00 00 00 00 00 | 000 {000 | Cood 0000 | 000 | 000 00 00 00 00 00
23 20 06 001 00 00 00 00 00 [ O0C {000 | DOOO 0000 | 000 | 000 00 00 00 00 00

06 00 00 00 00 Q0 000 | 0D | DODM 0002 | 000 | 000 00 00 00 00 00
17 20 07 001 00 00 00 00 o0 |o0d foo2 | OODE 0019 | 006 | 001 01 00 co 00 00
18 20 07 Q03 g0 00 Q0 Qo0 Q0 | O0G | 006 {0006 ooLa 1019 013 08 05 Q2 Q0 Q0
19 20 o7 049 1%} 02 o5 07 15 | 025 | 0592 {0092 0107 | 061 | O34 19 10 07 03 01#%

20 20 07 034 00 00 00 00 Qp |006 |3 {003 0057 | 022 | 008 03 02 ol 00 00
21 20 07 080 00 00 00 00 00 | 000 | 003 {0012 0019 | 004 | OO1 00 00 00 00 00
22 20 o7 033 00 00 00 00 03 000 | 0 | 00A8 0026 { 007 | 00O 00 00 00 00 00
23 20 07 018 00 00 0C 00 00 jo00 Jooi |oom 0002 | 000 | 000 00 00 00 00 00
2L 20 07 006 00 00 00 00 00 000 3 OOt Q00 0003 1 002 | 000 Q0 00 00 00 00

23 01% | 02 05 07 15 032 {085 | 0189 0282 { 121 | 057 31 17 10 03 01 %%
18 | 20 03 002 00 00 00 00 02 | 00Q | OBD | DOQO 0001 | GO0 | 000 00 00 00 00 00
19 20 08 007 00 00 00 00 6 | 001 007 | 0013 0019 | 008 | 003 02 o1 00 00 00

20 20 08 019 00 00 00 00 00 | 00D | G022 | 0005 0003 | 004 | 001 00 00 00 00 00
21 20 08 o7k 00 00 01 01 0f | 003 | 003 | 0009 0031 | 009 {002 00 00 00 00 00
22 20 08 L0 00 00 00 00 00 [ 000 {003 | oOQu. 0008 | 002 | 000 00 00 00 00 00
23 20 03 005 00 00 Q0 00 o0 [ GO0 { Q000 | Q000D 0001 1 000 | 000 00 00 00 00 00
2L 20 08 001 00 00 00 00 00 {000 | 000 | 0000 {000 | 000 | 000 00 00 00 00 00

148 00 00 04 01 Ot (oo o5 | 003 0063 | 020 | 006 0z o 00 00 00

15 20 09 001 00 00 00 00 00 | 000 [ 000 | ODOO 0000 | GO0 | 00O 00 00 00 00 00
19 20 09 007 00 00 00 02 0z | 006 | 014 fO02N 0029 | 013 | 004 03 o o1 o1 00
20 20 09 042 00 00 00 00 Of Jooz | 008 [00M8 0026 | 010 | 005 o 00 00 00 00
21 20 09 155 00 00 00 00 oo o | 010 | 0023 0036 | 014 | OO 01 00 00 00 00
22 20 09 062 00 00 00 00 60 j 000 | 000 | 000D 0003 { 000 { 000 00 00 )y 00 00
23 20 9 005 00 00 00 00 03 [ OO0 | QDD | GDODO 0000 | GO | 000 00 00 4,4 00 00

272 00 0o 00 o2 a3 | 003 | 032 | 006% o3 | 037 | 013 05 o 01 o 00

20 20 10 005 00 00 00 00 a0 | 000 [ 000 {0000 00QL. | 00D | 000 00 00 00 00 o
21 20 10 009 00 00 00 00 00 {000 | Q00 | 0001 0001 | 000 | 00O 00 00 00 00 00
22 20 10 010 00 00 00 00 00 | 000 | 0OC | 0OOD 0000 { 000 | 000 0G 00 00 00 Q0
23 20 10 00 00 00 00 00 Q0 | 000 | 000 | 0000 0000 | 000 | 000 o0 00 00 00 00

025 00 00 00 00 00 | 000 [ o000 | Do 0005 | 000 | 000 00 00 00 60 00
£95 o1®] o2 06 10 23 (ayh (133 10267 o6 1178 | 076 38 19 4 11 Ok 01 %4

"

1 eount continues to -0,1g.

¢ 4 count continues o 2.1 £

- 20



Speed | Altatude | Weaght | Time [ O,1g| 0,2 | 0.3g | O.48 | 0.5 0.6g | 0.7 { 0.8g 1.2g | 1.3g 11 hg 1 1.5 [ 1.6g |[1.7 1 1.8 11.9¢
22 25 05 001 00 00 00 00 00 | 000 | QDO | OQOO 0000 | 000 { 000 00 00 00 00 00
001 00 00 00 Qo 00 000 0no | 0000 0000 | 000 000 00 Q0 Q0 00 00

19 25 06 002 Q0 00 Q0 4]8] O¢ | 000 | Qo0 | ODOO goog | 000 | 000 00 00 Q0 a0 00
20 25 06 003 00 00 00 00 00 | 000 | 000 | 0000 0OQ0 | 000 | 000 Q0 00 00 00 00
21 25 06 005 00 00 00 00 00 |00 |00z o002 oolz [ 003 | 000 00 Q0 00 00 41¢]
22 25 06 009 00 00 Q0 Q0 00 (00D [O000 | GOOD 001 | 000 000 Q0 Q0 00 0 oD
23 25 06 003 00 00 00 00 Q0 00% | 000 | 0000 o000 | 000 ¥ 000 00 Q0 Qo Q0 QQ
022 00 00 00 00 00 |00 002 0002 Ot3 | 003 0Q0 00 Q0 00 00 00

17 25 07 o 00 Q0 Q0 00 Q0 000 0oz | 0005 0003 | 000 [ 00O 00 00 00 00 00
18 25 07 002 00 o0 Q0 Q0 O0 1008 | 000 | 0000 OO0 | Q00 | 000 00 00 [4]8] 00 00
19 25 o7 008 00 00 00 00 00 $0Q00 |000 000y Qo1 | ooz 000 00 00 00 00 00
20 25 07 037 00 00 00 00 o1 a0z | 013 0026 0029 | Q14 | O0L o2 ol ol 01 01%#
21 25 o7 066 00 00 00 00 00 000 | 000 10006 000k, | 000 | 000 00 00 00 Q0 00
22 25 07 106 00 00 (014 00 00 000 (003 0029 Q026 | 005 000 00 00 00 Q0 00
23 25 07 Q22 00 Q0 00 Q0 00 {000 | 000 | OO0, 0005 |1 003 1 oM o0 00 00 00 Q0
25 25 07 007 X o0 00 Qo 00 (GO0 | 000 10000 QU0 | 000 000 Q0 Q0 00 c0 00
249 00 00 00 Qo 01 to0z |oM8 | o007 0078 | 024 | 005 02 01 ot o1 o1*

18 25 08 001 00 00 00 00 00 000 (OO0 | ODOC Q000 | 000 000 Q0 00 0 00 00
19 25 08 027 00 00 6.4 00 00 | Q00 Do ) DO2N4 onz2 | 003 Qo0 00 00 00 o 00
20 25 08 110 01 02 02 oz P2 | 007 014 0021 OOLT 1 015 003 02 00 Q0 00 00
21 25 08 069 00 Q0 4]9] Q0 0l )| 008 [ 00%6 0022 | 006 003 o1 00 00 00 00
22 25 08 032 00 00 Q0 Qo 00 | oGO0 |00t Q005 Q005 | 002 000 00 G0 00 Q0 Q0
23 25 08 005 00 00 00 00 00 (000 fO00 1 0000 0000 { 000 QQ0 00 Q0 00 Q0 00
2k 25 08 o1 00 Q0 Q0 00 00 | GO0 | Q00 | oDOO 0000 | 000G ) 00D 00 00 00 Q0 00
245 ol 02 02 Qz Q3 Qo8 o2y | 0066 0094 026 006 03 Q0 Jo 00 00

18 25 09 Qo2 00 00 Q0 00 00 | 000 JO00 GoOQ 003 | 000 Qo0 00 00 00 00 00
19 25 09 035 00 00 00 Q0 00 00Q | DO 1 G005 OO0 & 002 ao0 00 00 Qo c0 00
20 25 09 232 00 00 00 o1 o1 [ 001 |007 {0025 0038 ; 06 | 003 03 01 o0 00 00
21 25 09 087 00 00 G0 Q0 00 (000 |00 0003 000G | 000 00 Q0 00 00 00 00
22 2h 09 00, 00 00 00 00 00 | 0RO OO0 oo 0003 y 00O | 000 00 00 00 00 00
2k 25 09 0014 00 00 00 00 0Q 0o0 Qoo | GODQ Qoag ! 000 000 00 00 8]8] Q0 00
361 4] 00 00 01 01 001 008 oo ooz 1oo8 | 003 03 01 00 00 Q0

19 25 10 001 00 00 00 00 00 [0GO {4Q00 | 0000 0000 1 000 | 000 00 00 00 00 00
20 25 10 015 00 Q0 Q0 00 co |00 QC0 | 0000 Q00T § 000 000 o0 00 00 ao 00
21 25 10 050 o0 00 Q0 00 Qo | 00D | D00 Q000 000G | 000 | 000 00 00 00 00 Q0
026 00 0o 0o 00 00 000 |000 | 0000 Q000 1 000 | OO0 00 00 00 00 00
oo | o1 | o2 | o2 {03 | 05 [o11 |O52 |0176 [fo229 061 [OW | 08 | o2 | ot | o1 | O1%

* 1 count continues to 2,0g.

- D% .




Speed | Altrtude | Werpht | Tame [ 0.1g |0 2g [ C.3g | Ouhp | Cu5E [ 0.0g |0 721 0,8 1.2g | 1.3g [ thg i 1.0 | 1.6 (1.7 1.8 1.9
17 30 06 001 00 00 00 1 03 |005 (009 [OM3 0031 | 019 | 011 06 03 03 0} o
20 30 05 002 00 00 co 00 00 [Q0C {000 | 0000 0000 | 000 | 000 00 00 00 00 oo
21 30 06 006 00 00 00 00 | 00 | 000 JOCD | Q000 Q000 | 000 | 000 00 00 00 Q0 00
22 30 06 009 00 00 00 00 00 | 000 | 00O | DOOC 0000 { 000 | 000 00 00 00 0c 00
24 30 06 001 00 00 00 00 00 [ 000 |Q00 | 0000 0000 | 000 | 000 00 00 00 00 00

019 00 00 00 o1 03 (005 |009 | 0043 0031 | 019 | 011 06 03 03 01 01
17 30 07 002 oo 00 00 00 00 | QDD | 00D | DDOO 0000 | 000 | 00O 00 00 00 00 00
18 30 07 008 00 00 00 o0 Qo (00D {000 | oooz 0C00 | 000 { 000 00 00 00 00 00
19 30 07 022 co s} 00 00 00 |00y |00B {006 0029 | 014 | 010 05 02 01 00 00
20 30 07 023 oG 00 00 0]4; Qo {001 | 002 | DOM3 0027 | 010 | oOL 01 00 00 00 00
24 30 Q7 124, o0 0 00 0 OO0 1003 007 | D033 0058 § 020 | 006 00 00 00 00 00
22 30 07 144 00 00 0o a0 ob |oo0 (003 | obif 0013 | 002 | Oo1 00 00 00 00 00
23 30 07 031, 00 oc ¢ 00 C0 |ooo §000 | QoM 0001 | 000 | 000 00 00 00 00 00
2 30 07 003 00 00 00 QD 00 | 000 | Q00 | 0ODOD 0000 | 000 | 000 00 00 00 00 00
25 30 Q7 Q03 Qa QQ Q0 oo 00 | Q00 | Q00 L OG0D 0000 | 000 | 000 00 o0 Q0 aQ o0
26 30 07 001 00 00 00 314} g0 | 000 | 000 | 0OO0 0000 { Q00 | 000 00 00 00 00 00
27 30 o7 001 00 00 00 00 Qo | 000 | Q00 | 0000 0000 | 000 | 000 00 00 00 00 00

365 00 00 00 00 0o | 008 [020 | O00OH 0130 | Qau6 | 021 06 02 o1 00 00
17 30 08 002 00 00 00 o0 CO {000 [000 | 0000 0000 | 000 | 000 00 00 00 00 00
18 30 08 031 00 00 00 00 00 [ 002 | 008 |O00lh 0017 { 005 | 002 01 01 00 00 00
19 30 08 194 00 00 00 o1 gz j00; |2 {0020 0022 | 008 | 002 01 00 00 00 00

20 30 08 085 00 00 00 o0 00 | 000 {000 | Q000 0002 | 000 | 000 00 00 00 00 00
21 30 08 211 00 00 00 1,0] 00 | 00D {003 | o2 0026 | 006 | 000 00 00 00 00 00
22 30 08 320 00 00 00 (1,0] 00 1001 |00y |oO0022 0020 | 003 | 000 00 00 00 00 00
23 30 08 04, 00 00 00 00 G0 [ 000 | 003 | 0023 0010 { 001 | 000 00 Q0 00 00 00
2k 30 08 004 00 00 00 00 00 | 000 | 000 | 0000 0000 | DDO | DDO 00 00 00 00 00

891 00 00 00 o o2 | 006 | 030 | 0o 0037 { 023 | 00 c2 01 00 00 00
17 30 09 002 00 00 00 414} 00 | 000 | 000§ 0000 0000 | 000 | 000 00 00 Q0 00 00
18 30 09 026 00 Q0 00 00 00 | 000 | Q00 | 0000 0000 | 000 | 000 00 o0 00 00 00
19 30 09 193 00 00 00 00 o oo o1 | oo o057 | o1y | C02 00 00 00 00 00
20 30 09 118 Q0 00 00 0o 00 1001 | 005 |0023 0012 008 | 00O 00 00 00 00 00
21 30 09 05k, 0o 00 00 00 03 00D | QDO | 0005 Q005 ] 000 | 000 00 oG 00 00 00

22 30 09 306 00 00 02 03 07 010 | Q27 | 0066 0099 | 035 | 01O 0h oL 03 o1 00
23 30 C9 139 00 00 00 {0 DO | OGD 003 ) 0015 o021 | 004 | 001 00 00 00 00 00
2 30 09 005 00 00 00 Q0 00 OGO 000 | o001 0000 | 000 { CQO 00 00 00 00 00

843 00 00 oz 03 08B | M3 (o046 | 0151 0201 058 | 013 05 0l 03 01 00

18 30 10 ot 00 00 00 00 GO | 0oo | 000 | 0000 0000} 000 | 00O 00 00 00 00 # 00
19 30 10 005 oQ 00 00 Q0 GO | 000 000 QOO0 0000 | 000 | 000 00 00 00 00 00
20 30 10 007 00 00 004y D 00 | 000 | 00O ! 000D 0000 | 000 | 000 00 00 00 00 00
23 30 10 002 00 00 00 00 00 {000 | Q0O | Q00O 0000 | 000 | 000 00 00 a0 00 00

015 00 00 00 oD 0D 3 D00 | 0OO | DODO 0000 | 000 | 000 00 00 00 DO Qo
2133 00 00 o2 05 13 {032 |105 | D346 on59 ! 146 | 049 19 10 07 02 o1




Speed | Altatude | Weight |Time | 0.1g| 0.2g ] 0.3g | Qukp | 0.5g | 0.6 | 0.7c | 0.Bg T2 | 1.3 1.4 (1.5 1.6 172 { 1.8 { 1.9¢
18 35 06 001 | 00 00 00 00 Qo |ooc | o0 | Q000 0000 { 000 | 000 00 00 00 00 00
19 35 06 002 | 00 00 | 00 00 00 {ooo |ooc |oooo || oooot ooo | ooo 00 00 00 00 00
20 35 06 007 | 00 00 00 0a 00 {000 | 090 | 000D 0003 | 000 | 000 00 00 00 00 00
24 35 06 019 | 0o 00 o oo 0 1000 | 001 | ool 0003 | 000 | 000 00 00 00 00 00
22 35 06 olo| 00 00 00 o0 00 {000 | QGO oD 0001 { 001 | 00O 00 00 00 00 00
23 35 06 002 | 00 Q0 00 0o 00 ] 000 | 00D 0000 0000 | 000 | 000 00 00 00 00 00
o4 | 00 00 | 00 oa 00 {000 | 001 §0DO2 0007 | 001 | 000 00 00 Q0 00 00
17 25 a7 006 | 00 o1 02 02 02 oo, | 0o | o007 o021} 011 | 002 02 02 02 ot 00
18 35 07 ol7 | 00 00 | 00 | 0O 00 {001 | 018 :o0LnT 00501 022 | 008 02 00 00 00 00
19 35 07 025 | Q0 00 0o 00 00 1000 |000 GO0k || 000L | 000 | 000 00 00 00 Qo 00
20 35 07 206 | O1 ot 03 4]3) 12 {019 | 059 |01nd 0189 ¢ 060 | 034 14 07 06 03 00
21 35 07 572 | 02 | 03 § 05 | 06 | A7 03, {105 }OtH 0220} 106 [on2 | 21 o8 | o6} o5 | u®
22 35 07 195 | QO oD | 00 Q0 00 1000 | 002 § OO0B o012 | 001 | 000 00 00 00 00 00
23 35 07 022 | 00 00 00 0o Of Joo1 | ooz | OOMD o022 | 001 | 000 00 00 00 00 00
2} 35 07 00 | 00 00 00 a0 00 {000 | GO0 | DOOO 0000 ¢ 000 | 00O 00 00 00 00 00
26 35 07 01| 00| 00 | 00O | 00 | 00 Joo0 {000 Joooo || ooot|ooo fooo f 0o | oo | 00 | oo | 00
1052 | 03 05 10 16 32 {059 |1%6 | 0388 0519] 201 | 086 39 17 14 09 o)
17 35 08 00k | QO 00 00 00 0y |00z | 00% |OOM2 0021 ] 00 | QU1 00 00 00
18 35 08 | os0| oif| ot | o1 | oo | 06 Joo6 |auz Joizr | o156] 051 jo17 | 40 | o5 | on
19 35 08 112 | 03 Q. | 06 15 22 12 | 092 40219 299 | 113, | 037 19 1, | 09
20 35 08 166 | 00 00 00 00 03 {013 | 050 § 0092 o11o| ay1 | 018 11 05 oy
21 35 08 1657 | 00 00 00 op Q. {021 | o079 o214 || o270 094 | 023 1 | 03
22 35 08 1329 | 00 00 00 01 01 | 005 | 025 0096 0151 | 036 | M4 05 03 03
23 35 08 096 | 00 00 00 0o 00 | 000 | 000 0002 0006 | 001 | 000 00 00 00
2l 35 - 08 005 | 00 00 00 00 00 | 000 | 00D ) D000 0000 | 000 | QOO 00 00 00
3119 cu" 05 07 20 37 | 109 | 292 | 0786 10131 341 | 110 5% 3 20
17 35 09 001 | 00 00 oy of o (oD | ¢io ¢ ooeD 00241 009 | 001 00 00 00
18 35 09 0| 00 | 00 | 00 | OO0 | Q0 |Co0 | 007 fOO17 {] opiB| 008 lookn | o4 00 | oo
19 35 09 026 | 00 00 00 o0 00 | 000 | 000 | 0007 0007 | 001 | 000 00 03] 00
20 35 09 016 | 00 00 00 00 00 | 0OD | 0D | 0003 0007 | 003 | 00D 00 00 00
21 35 09 077t 00 00 | 00 oy o4 | 005 | 007 | 0T 0025 | 014 | 007 03 02 02
22 35 09 351 | 0o 00 00 00 00 | 000 | 002 0018 0023 | 003 { 000 00 00 00
23 35 09 127 | 00 00 00 o0 00 (000 | 00O ! Q002 0008 | 001 { 000 00 00 00
2l 35 09 001 | 00 00 00 00 00 | 000 | Q00§ 000D 0000 | 000 | 000 00 00 00
613 | 00 00 01 02 05 | 006 | 027 | 008y, 0121 039 | 012 ol 02 02
19 35 10 001t 00 00 00 Q0 GO { 00D | DO ! 0000 0000 | 000 | 000 00 00 00
001 { 00 00 00 00 00 | 00D | 000 | 0000 0000 | 000 | 00O 00 00 Q0
5126 | o7l 10 | 18 | 38 | 7 |47y | o516 1230 j 1651 | 562 | 208 | 102| 50 | 36 0

!( 1 count continues to Q,0g.
- 1 count continues to 2.0g,
*¥ 2 counts continue to 2,1g

4% 3 counts at 2.0g, 2 counks at 2.1
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Speed | Altitude | Weight | Tame [ 0.1g | 0.2g | 0.3g | O,4g | 0.5 [ 0 6g| 0 7 { 0.8g || 1.2g]4.3g ] 1.hg| 1.5¢ | 1.6 1.7¢ 1.8g{1.9¢
19 %0 06 | 002 00 00 00 00 00 | 000 | OO0 | 0000 0000 | 000 | 000 00 00 00 00 00
20 50 06 010 00 Q0 00 00 00 | 0DO | 00O | 0000 0000 | 000 | 000 00 00 00 00 00
21 Lo 06 002 00 00 00 00 GQ 1000 | 000 [ Q00D 0000 § 000 | 000 00 00 00 00 00
22 L0 05 001 00 00 00 00 Qo {000 | cOO | DOOQ 0001 | 000 | 000 00 00 | 00 00 00

015 00 00 00 00 o0 1000 | GO0 | Oo00 0001 | 000 | 000 00 00 00 00 00
17 40 07 002 00 00 00 00 00 | 000 | 000 | 0000 Q000 | OO | 000 00 00 00 00 00
18 L0 07 015 00 00 00 00 00 fooo 002 |o0Qn il 00171003 | 000 00 00 { 0O | 00 00
19 L0 07 021 00 00 00 o1 06 foo8 o200 | o032 0062 | 030 | 0711 o4 | O 01 00 00
20 Lo 07 153 00 00 00 00 00 [ 000 006 |ooio 0045 | 012 | 002 00 | 00 00 00 00
21 L0 07 9L | Q0 00 00 00 00 000 008 |o04% [{ 0025] 003 | 00O 00 00 00 00 00
22 L0 07 032 00 00 00 0O | 00 o000 |00t | 0009 0008 1 000 | 000 00 00 Q0 00 00
2l 40 07 001 00 Qo 00 Q0 Q0 | 000 | 000 | 0000 0000 | 000 | 000 00 00 00 00 00

1,18 00 00 00 01 G 1008 | 037 | 0108 Ote7l o8 | 013 o4 o 01 00 00
17 30 08 001 00 00 00 o1 ol fod | o002 | 0Qos 0007 | oak. | 000 00 00 00 00 o0
18 L0 08 008 00 00 00 00 00 | 000 | o | 0003 0007 | 001 | 000 00 00 | 00 00 00
19 10 08 023 00 00 00 00 00 | 000 { 003 {0013 0033 §{ 008 | 01 o1 0o 00 00 00
20 LO 08 039 00 00 00 00 o1 [ 001 1007 {0024 0064 | 017 | 008 o 02 02 01 01
21 40 03 249 00 00 00 01 Mt | 002 |60 [ 0016 0035 | 022 ooy | o2 ot 00 00 00
22 50 08 0% | 00 00 00 00 o |00 {00y | oofz 0024 | 008 | 003 00 00 } 00 00 00
23 10 08 022 00 00 00 00 | 00 |[000 |00C | D0CO 0000 | 000 | 000 00 00 00 00 00

506 00 00 00 02 oy 1005 1021 | 0073 M70 | 060 | 016 07 03 02 ol 0|
20 L0 09 Do1 0o 00 00 00 oc | 000 [ G00 {0000 0000 | 000 | 000 00 00 00 00 00
22 40 09 oo 00 00 0o 00 OO § 000 [ 000 {0000 0000 | 000 | 000 00 00 00 | 00 00

002 00 00 00 00 o0 fooo 00D {0Go0 0000 | 000 | 000 00 00 00 00 00

81 00 00 00 03 10 3 | os8 | ol 03281 108 | 029 11 Q. | 03 01 01

i
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FIG.l. MAP OF THE ROUTES FLOWN.
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FIG.2. MONTHLY DISTRIBUTION OF THE
RECORDED FLYING TIME.
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WEATHER REPORT.
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MILES PER GQUST EXCEEDING GIVEN MAGNITUDE
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FIG. 4. GUST SPECTRA AT DIFFERENT ALTITUDES.
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FIG. 5.
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