C.P.No. 713 yorome C.P. No. 713

MINISTRY OF AVIATION

AERONAUTICAL  RESEARCH COUNCIL
CURRENT  PAPERS

Atmospheric Turbulence Encountered
by Comet 2 Aircraft Carrying Cloud
Collision Warning Radar
by
Judy E. Aphin

LONDON: HER MAIESTY'S STATIONERY OFFICE
1964
PRICE 8s 6d NET






U.D.C. No.551.551:621.396.969.36 [AT] (42) Comet 2

C.P.Nc,. 713
June, 1963

ATMOSPHERIC TURBULENCE ENCOUNTERED BY COMET 2 AIRCRAFT
CARRYING CLOUD COLLISION WARNING RADAR

by
Judy E, Aplin

SUMMARY

Counting accelerometer records have been obtained of the turbulence
enoountered by R.,A.F, Comet 2 aircraf't, equipped with cloud collision warning
radar, in 335,000 miles of operational flying largely on routes conneoting
the U.K. with Singapore,

It is shown that the Comet 2 met significantly less turbulence at all
altitudes than the Comet 1 which was not carrying this radar, and that the
reduction in the frequency of ocourrence of gusts inoreased with gust magni-
tude. No gusts as great as 20 ft/seoc were recorded by Comet 2 aircraft during
the oruise,

Comparable data from U.S. airoraft have also been considered, and show
a similar reduotion in the ococurrence of large gusts.
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Replaces R.A,E, Tech. Note No. Strustures 335 - A R.C. 25141,






LIST CF CONTENTS

INTRODUCTION
2 INSTRUMENTLTION AND TYPE OF FLYING

2,1 The Compound Counting Aoccelerometer
2,2 Alrspeed switch

2,3 Barometric switoch

2.4  Type of flying and area covered

3 BASIC AND PROCESSED DATA

3.1 Basic data
3,2 The data processing

L DISCUSSION OF RESULTS

L,1  Overall variation of gust frequency with gust speed

L,2 Comparison of intensity of turbulence for Comet 1
and Comet 2

L.3 Varaiation of gust frequency with altitude for Comet 1
and Comet 2 aircraft

L.4  The pilot's influence on accelerations recorded

4,5 Comparison of British and Amerioan results with special
reference to the effect of airborne radar

5 CONCLUSLONS
LIST (@ REFERENCES

TABIES 1 to 16
TILUSTRATIONS Figs. 1 to 13
DETACHABLE ABSTRACT CARDS

Table LIST OF TABLES
1 Estimated time in minutes spent at each speed and altitude

during initial climb and final descent by Comet 1 airoraft

2 Estimated time in minutes spent at each speed and altitude
during climb by Comet 1 aircraft

3 Estimated time in minutes spent at each speed and altitude
during descent by Comet 1 airocraft

L Estimated time in minutes spent at each speed and altitude
during cruise by Comet 1 airoraft

5 Estimated time in minutes spent at each speed and altitude
during initial climb and final descent by Comet 2 aircrafi

6 Estimated time in minutes spent at each speed and altitude
during climb by Comet 2 airoraft

7 Estimated time in minutes spent at each speed and altitude
during descent by Comet 2 airoraft

-—2—-

(ve N ] a2 W o A - AN R LG I s sl L . o

O

10
10

12-21,

12

13

1l

14

16

16



Table LIST OF TABIES (CONTD)

8 Estimated time in minutes spent at each speed and altitude during
oruise by Comet 2 aircraft

9 Summary of acceleration data from Counting Accelerometer Mk.2 in
Comet 1 aircraft

10 Summary of acceleration date from Counting Accelerometers Mk.4 in
Comet 2 airoraf't

11 Aircraft charaoteristics assumed

12 Representative values of acceleration/gust speed conversion
factors, Comet 1 aircraft

13 Representative values of acceleration/gust speed conversion
factors, Comet 2 aireraft

14 Gusts encountered on &ll routes by Comet 1 airoraft
15 Gusts encountered on all routes by Comet 2 airoraft
16 Altitude bands used in analysis

LIST (F ILLUSTRATICNS

Map of the routes flown by Comet 2 airoraft
Monthly distribution of recorded flying time for Comet 2 airoraft

Variation of gust frequency with gust speed during climb and descent
for Comet 1 aircraft

Variation of gust freguency with gust speed during climb and descent
for Comet 2 airoraft

Variation of gust freguency with gust speed during oruise for
Comet 1 airoraft

Variation of gust frequency with gust speed during cruise for
Comet 2 airoraft

Overall variation of gust frequency with gust speed for Comet 1 and
Comet 2 airorait

Variation of guvst frequency with gust speed during olimb and descent
by Comet 1 and Comet 2 aireraft

Variation of gust frequency with gust speed during cruise of Comet 1
and Comet 2 airoraft

Variation of gust frequency with altitude

Ratio of up and down gusts encountered by Comet 2 airvoraf't at different
altitudes

Variation of gust frequency with gust speed at different altitude bards
during cruise by Comet 1 and Comet 2 airoraft

Variation of gust frequency wath airspeed at different altitudes during
cruise of Comet 2

Page
17
18

19
20

20

21

22
25
2l

1
2

10
11
12

13



1 INTRODUCTION

Counting Accelerometers have been installed in & number of airoraf't to
investigate the atmospheric turbulence encountered during fllght, and results
already published include those from B,0,4,C. Comet 1 airorafi!, The present
paper discusses results from two Comet 2 airoraft of the Royal Air Force
Transport Command which were fitted with cloud collision warning radar, As
the Comet 1 airoraft were not fitted with lhis equipment, comparison of the
two sets of results will show any reduction in the turbulence encountered which
is due to its use since, although slight differences may exist between the
operation of B,0,A.C. and R.A,F. aircraft, past experience suggests that such
differences should have little effect on the data,

A similar comparison has been made w1th some N,A,C.A. information from
twin-engine short-haul transport aireraft?, some of which were fitted with
oloud ocollision warning radar and some of which were not.

2 INSTRUMENTATION AND TYPE OF FLYING

2.1 The Compound Counting Aocelerometer

The type L Counting Aocelerometer installed in the Comet 2 is a later
version of the type 2 installed in the Comet 1, and a full description of these
instruments can be found in an Instruction Leaflet3

Briefly, the type & Counting Accelerometer consists of two units: the
accelerometer unit, which ig installed as near as possible to the centre of
gravity of the airoraf't and which responds to the aircraft normal acoeleration,
and the observer unit, which automatiically counts the number of times given
acceleration levels are exceeded and then photographiocally records the counter
readings, airspeed, altitude and time at regular intervals.

2.2 Airspeed switch

To ensure that the acoelerations recorded were true gust accelerations
and not bumps in take-off, landing or taxying, the type & Counting Aoccelerometer
was fitted with an airspeed swltch, which switched on the anstruments auto-
matically when the airspeed exceeded 125 knots I.A.0, after take-off, and
switched them off when the airspeed fell below 110 knots I,A.S, before landing,

2.3 Baromctric switch

In the type 4 Counting Aoccelerometer the camera oan be operated at two
speeds. These are adjusted so that pictiures are taken more frequently during
c¢limb and dcscent than during eruise, The change is controlled by a barometrio
switch and for these tests it was arranged that the camera should record at
intervals of L minutes below 28,000 ft and at intervals of 11,6 mins above
28,000 f+t, Becausec of the action of the barometric and airspeed switches the
last interval before the camera changed speed or the recorder was switched off,
may not be complete.



2.4 Type of flying and arca covercd

The two Comet 2 airoraft of Transport Command on which the Counting
Aooclerometers were installed, were flown mainly on routes from the U.K. to
Singapore with very occasional flights to Africa, Australia or Christmas Island,
a3 shown by the map in Fig, 1. These flights covered some 335,000 miles overall
end were mainly training flights,

3 BASIC AND PROCESSED DuTA

3.1 Bagic data

The basic data are taken from two sources: the film record of the counter
and instrument readings previously mentioned, and supplementary flight date sheets
which are completed by the operalors to give the date, time of take-off, duration

and route of each flight, together with the weight of the aircraft at the time of
'take—Off L]

%.,2 The data processing and results

The data are coded and transferred to punched cards for processing end
details of the method of handling these have been given by Heath-Smith¥,

During processing each interval is classified as belongang to one of the
following flight conditions:

(a) Imitial climb, The farst interval of cach flight.
(b) Final descent. The last interval of each flight.

(¢) Climb. Any intervel during which the aircraft increased altitude by
2000 £t or more.

(d) Desoent, Any interval during which the airoraf't decreased altitude by
2000 £t or more,

(e) Cruise. The remaining intervals,

The mean specd and altitude of each interval are taken to be representative
of conditions throughout the interval, except for the initial climb and final
descent records, TFor these the final airspeed and mean altitude were assumed
for the initial ¢limb intervals, and the initial speed and mean altitude for the
finel descent intervals,

The tables of Comet 1 results given in this note are the outcome of a
recent re-analysis standardising the altitude bands of Counting Accelerometer
date, thus rendering them more directly comparable with the Comet 2 results,

The time spent at different speeds and altitudes is given for the initial
¢limb and final descent in Table 1, the climb in Table 2, the descent in Table 3
and the oruise in Table k4, for the Comet 1 and similarly in Tables 5, 6, 7 and
8 for the Comet 2,

The acceleration data are arranged as the number of counts at the different
acceleration levels in suocessive altitude bands, with the total recorded time
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appropriate to each band and the corresponding estimate of statute miles flown;
they ere presented in Table 9 for the Comet 4 under the two headings of olimb

and desoent together, and cruise; and in Table 10 for the Comet 2 under the
headings initial climb, final descent, olimb and desocnt, and cruise., The
initial clinb and final descent acccleration rccords for the Comet 1 were not used
sinoe they included ground loads.

Tables 4 and 8 show that the cruise took place largely between 30,000 and
40,000 feet, particularly in the 33,500 to 36,500 £t band for the Cenet 4
airoraft, and between 35,000 and 42,500 ft, particularly in the 37,500 to
41,50C £t band for the Comet 2 aircraft.

The method of processing the acceleration counts to convert them into gust
counts is the same as that used by Heath-Smith! involving the use of the discrcte
gust concept, with gust alleviation factors from work by Zbrozekd, The airoraft
characteristics necessary for these calculations are listed in Table 11, and
representative acceleration to gust velocity conversion factors are given in
Tables 12 and 13 for the Comcts 1 and 2 rospectively., The resulting gust
velocities are presented in Tables 1L and 15 in the same way as the socoeleration
counts in Tebles 9 and 10,

The monthly distribution of the 74l hours of flying time recorded between
June 1957 and August 1960 with Comet 2 aircraft, is shown in Fig, 2; but it was
found that insufficient gusts had been recorded at the cruising altitudes to
merit investigation of the seasonal, or geographical, variations of the
turbulence intensity,

Table 16 is a list of the altitude bands into which the data were grouped,
together with the code numbers used for them in the figures.

L DISCUSSION OF R.ASULTS

et Overall variation of pust frequency with gust speed

The variation of gust frequency with gust speed 1s illustrated in Figs. 3,
L, 5 and 6 by plotting the miles/pgust against feet/second for each altitude band
in the combined clinb and descent data and in the cruise data from Comet 1 and
Comet 2 aircraft, TFor this purpose, the initial climb and final desoent records
of' the Comet 2 were amalgamated with the rest of the climb and descent.

In these four figures the general tendency is seen to be for the gust
frequency to decrease with both altitude and gust magnitude, although it should
be remembered that the small numbers of counts at the higher gust speeds make
this end of the curves less reliable than the low speed end, If the upgust and
downgust curves are compared on cach figure, it is found that the ratio of
upgusts to dowmgusts remains fairly constant in each altitude band.

4,2 Comparison of intensity of ilurbulence for Comet 1 and Comet 2

The complexity of the four figures mentioned in the preceding paragraph
makes comparison of the slopes of the Comet 1 and Comet 2 curves dafficult, so
the data from ell altitudes were combined to give one upgust and one downgust
curve for climb and descent, and a similar pair of curves for cruilse, for each
aircraft., Since they were not used in the Comet 1 analysis, the initial olimb
and final descent reocords were omitted for the Comet 2 for this comparison,
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The reaultant curves are shown on Fig. 7 and the slope of the Comet 2 curve
is seen to be steeper than that of the Comet 1 curve in each case,

The slopes of each pair of ourves being similar, it was felt justifiable
to simplify these results further by adding the upgusts and the downgusts to
give one curve for the climb and descent of each aircraft, Fig, 8, and onc for
the cruise, Fig. 9. On these figures the slopes of the Comet 2 curves are oon-
siderably steeper than those of the Comet 1, indicating that the ratio of largc
gusts to small gusts is lowor in the Comet 2 data.

The previous Comet 1 analysis1 showed that all gusts greater than approxi~
mately 23 £t/sco were associated with cumuliform cloud, Sincc the maximum
gusts encountcered by the Comet 2 were between 15 and 20 ft/sce during oruise,
and between 25 and 30 ft/seo during climb and descent, it would secm that the
airoraft avoided nearly all the cumuliform oloud and its associated turbulence,
due no doubt to the cloud collision warning radar with which they were equipped.
Gusts of all magnitude were mct far morc frequently by Comet 1 aireraft than
Comet 2 and a general conclusion could be drawn that the slopes of the Comet 1
curves in Figs. 8 and 9 are typicel of atmospheric turbulence which includes
that associated with cumulo nimbus, whilst the stecper slopes of the Comet 2
curves are roprescrtative of turbulencoe occeurring in clear air, cirrus or
stratus,

4,3 Variastion of gust fruoucncy with altitude for Comet 1 and Comet 2 sircrafit

The frequency of occurrence of gusts greater than, or cqual to, 7% Pt/se0
was plotted against altitude in Fig, 10 for both Comet 1 and Comet 2 aircraft.
Both ourves were drawn with duc regard to 95% confidence limits calculated by a
method given by Bullen6, but for greater clarity these have becn omitted from the
graph,

The choice of a particular gust velocity for this type of investigation is
governed by two considerations, one of which is that the veclocity should be low
to give a relatively large number of counts, The other fact of importance is
that a given acccleration counter of the counting asocccleromcter is actuated by
gusts of diffcrent velocity according to the speed, altitude and weight of
the asiroraf't at the time when the gust is encountered so, in order to ensure that
for all but exceptional conditions of flight the estimated number of gusts is an
interpolation of the recorded accelcration counts rather than an extrapolation,
the gust velocity chosen should oorrespond to an acceleration greater than 0,2g,
the loweat threshold of the instrument. The ?%-ft/sec vclocity satisfies
these requircments for almost 21l conditions of flight for both Comet 1 and
Comet 2 ajircraft,

The c¢limb, cruise and descent data from all routes were oombined for Fig, 40
since results from low level cruise, probably recorded during stand-off and
landing approach, were ficlt 4o be really more typical of olimb and descent
rather than crulse, in that the pilot would be uneble t¢ cxcreise so much
discretion in the avoidance of turbulcnce. Also, some cruise is probably
included in the high altitude climb and descent rcoords singe, a&s described in
section 3.2, the criterion is & change of altitude of 2000 ft or more during one
interval of time, and this is rather a small change for14,6 mins flying,

As both Comet 1 and Comet 2 aircraft flew predominantly the U.X. to
Singapore routes, these data rcpresent a mixture of overland and oversea
information,
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The Comet 2 initial climb and final decscent records have been shown as
single points on the graph, which indicate more and less severe gust frequency,
respectively, than the rest of the low altitude data, A possible explanation
of this difference 1lies in the fact thet immediately after take-off many flight
operations are performed in a very short spacc of time, whereas the corres-
ponding operations prior to landing are spread over a much longer period, and
s0 the assoclated ecocelerations will be condensed into the first few minutes of
climb but distributed more widely throughout the descent,

Inspeotion of the curves indicates a stcady decrease in turbulence with
altitude up to about 35,000 ft for Comet 1 and 30,000 ft for Comet 2, although
it should be noted that very few gusts were recorded between 17,500 and 33,500 £t
with Comet 2 aircraft so that the curve through these four points is rather
arbitrary, However, the goneral trend is for the gust frequency to decrease
with altitude up to the region of the tropopause, and at all altitudes the curve
for the Comet 2 lies above that for the Comet 1, the difference being roughly
constant at the lower altitudes. The increcase in turbulence at the higher
altitudes showm on these curves is illustrated and discussed in greater detail
in Fig, 12 and section 4.4.

Table 7 of the Comet 1 report gives the counts occurring in cumuliform
cloud and clear air as a percentage of those occurring under known condltlons for
average gust speeds and, interpolating, it is found that about 707 of the 7%
ft/sec gusts cncountered under known conditions between 17,500 and 42,500 ft,
oocurred in cumuliform cloud, In this analysis the gust frequenqy of the Comet
2 between 29,500 and 41,500 £+ was 30-385 of that of the Comet 1, indicating
once more that the deorcase in gust frequency was due to the avoidance of
cunuliform cloud and its associated turbulence by use of the cloud collision
warning radar on the Comet 2 airoraft,

L.t  The pilot!s influence on accelerations rccorded

When analysing the turbulence cnoountered by an airoraft, it is, of course,
necessary to take into oonsideration the pilot's influence on the accelerations
recorded., Perhaps the most obvious and direct effect of the pilot's handling
of the airoraft is the inorecasc in positive acceleration counts resulting from
manoeuvre loads, To illustrate this, and to investigate further the atmospherio
turbulence encountered by Comect 2 alrcraft the ratio of upgusts to downgusts
for gusts of magnitude greater than, or eqpal to, 7% ft/sec was plotted against
altitude on Fig, 11. For this purpose the cllmb and desoent records were com-
bined, and kept scparate from the cruise records, also where the rccorded gusts
or miles flown were too few to be considered signifiocant, certain altitude
bands were combined, During olimb and descent at the lower altitudes, the
ratio of upgusts to downgusts is seen to be rclatively high, which is probably
due to manoeuvring in the vicinity of airfields, with possibly some overland
conveotive turbulence effect also At the higher altitudes, the climb and
desoent ratio tends towards the cruzse ratio which shows slightly more positive
counts than ncgative.

Another important consequence of the pilot's handling is that the aircraft
is to some extent able to avoid certain types of turbulence, With aircraft not
equipped with cloud collision warning radar, this avoidance is usuelly limited,
particularly for continuous cloud, to climbing above it, On the other hand,
pilots of airoraf't which do carry this radar have a grcater degree of freedom
in their choice of avoiding action, as the extent of the cloud is known and a
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single cloud, or sparse oloud, will simply cause the aircraft to make a detour,
changing altitude only when the cloud is known to be very dense,

It is to be expeoted then that this operating differcnce will have a direct
effcot on the turbulence encountered by the Comets 1 and 2 at their cruising
altitudes, The Comet 2 data should show mainly the effeo§ of the clear air
turbulence which is known to coccur at these high altitudesj»”?'Y over both sea
as well as land routes, and which cannot be avoided sinoe the cloud oollision
warning radar ocan give no warning of its presemce, The Comet 1 results, in
addition 1o this, should show the effects of inoreasing altitude in rough weather
to olimb sbove the storm clouds,

Aocordingly, the inorcase in the freguency of occurrence of gusts in the
region of the tropopause, noted on Fig. 10 for both Comet 1 and Comet 2 aircraft,
was investigated in greater detail by plotting, in Fig, 12, the magnitude of
gust against its frequency of occurrence, separate ourves having been drawn for
each altitude band of the high level cruise,

It will be secn that the Comet 2 curves have the steep slepe and total
absence of big gusts previously associated in section 4.2 with clear air
turbulence and it seems that the observed incrcase in gust frequency at these
altitudes is an actual feature of clecar air turbulence, which on the Comet 1
has become somcwhat masked by the effcot of conveotive turbulence,

Some U.S, results from hrgeh altitude turbulence measurements showed the
same trend as thcse British data, and in their report!O Coleman and Steiner
suggested that *The increase in the amount of rough air at altitudes between
30,000 and 40,000 £t is probably due to the high winds and wind shears
associated with jet strcams which are normally prevalent at these altitudes
for the mid-latitude area ..,,."!

When an aircraft does encounter turbulence the pilot tries to alleviate its
effects by rcducing speed; +this is illustrated in Fig, 13 which shows the
variation of gust froquency with airspecd at each of the main cruising altitudes
of the Comet 2, for gusts exceeding 7% ft/sec, This figure shows quite clearly
that as the gust frequency increased, the airspeed decreased,

4.5 Comparison of British and American resulis with speeial rcfercence to the
effect of airborne radar

A comparison of the turbulcnoe encountered by twin-engine short-haul trans-
port aircraft w%th and without oloud collision warning radar, has been made by
Copp and Walker< with Vgh and Vg records, The result of this comparison must be
treated with some reserve since the recording periods for the airoraft with and
without radar are not strictly comparable, being April, 1956 - May, 1957 with
radar and Ootober, 1955 - April, 1956 without radar, and other investigations have
shown that the overall lcvel of turbulence is likcly to be much less for the

winter than for the complete yeartt,12,

If the mile/gust value was plotted against each gust magnitude for the U.S.
data, as it has becn for the Comet data in Figs, 8 and 9 of this report, the
'without-radar! curve would cross the !'with-radar' curve, since the airoraft with
radar encountered more gusts of all magnitudes up to about 30 ft/sec, but fewcr
gusts of magnitude greater than this.
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Assuming that the relative frequency of gusts of different magnitude does
not change appreoiably with the season, and the evlidence supports this, then the
effect of seasonal variation on either ourve will be to move the ocurve up or down
leaving 1ts slope unchanged, Therefore, in the case of this U,3, data, the
result of correoting for the seasonal variation on the 'without-radar! curve
would be to decrease the mile/gust value at each gust speed and thus to lower
the curve, The two curves would then be relatively similar to those given in
this report,

5 CONCLUS IONS

The analysis of atmospheric turbulence data from Counting Accelerometers
installed on Comet 2 aircraft carrying oloud collision warning radar, showed the
gust frequency to be less at all altitudes than thet encountered by the Comet 1
which was not so equipped.

The numbers of all gusts excecding 7% ft/seoc at the oruising altitudes for
the Comet 2 were found to be about 30~385 of those for the Comet 1, i.e, the
proportion found previously in the Comet 4 data to be associated with olear air,
cirrus or stratus,

This avoidance of cumuliform cloud by use of the cloud collision warning
radar also resulted in the frequency of cccurrence becoming progressively less
with inorcasing gust magnitude, and no gusts greater than 15 £t/sec were met
during ocruise by Comet 2 aircraft,

Comparable data from U.3. alroraft have been oconsidered also, and these
show a similar reduotion on the ccourrcnoe of large gusts.
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Estimeted time In minutes spent at each speed and altitude furing Initial elinb

TABLE 1

and final descent by Ceret 1 slireraft

Altitude pbove sea level {I.C.A.N.) In 1000s of feet

INITIAL CLIMB | FINAL DESCENT

Jl oof c1] ¢2f o3l ¢4 i os| o6l o7 08 o9 10 111} 121 13 | th{15 16f oo o1] az2f 03

100 | 19 9 L7l 28 100
110] 9 9 t50i122| /1 9{110
a120 1 91 9 9 9 6|28y 66 47120
Slse | 281 9] 9 9] 9 28| 235 {169} L7130
Siho | 561 661 28] 9 103 ] 188] 38 |140
2150 | 5611037 ¢ 19 9! 19 38| 1ht] L7 ]150
3160 10| 28 gl 28] 19 191 66| 861160
2H7 | 19103 381 28 56 I g1 56) 28 170
a0 § 9{122{103] 56, 28| 38| 19 19} 19| 9 191 9180
hso S6| 38| L7 65 28¢ 9 L7119) o9 28 |28} 191 9| 9 19 281 9t190
Q00 | 9| 6611221 A7) T} 66| 661 38| 331 381 13 | 19] 38] 19 15 9{ 9| 28200
Si210 191 38) 56| 81 5| 47t 287 9l 9§ 471 38| 191 19 |19] 9 19| 19 {210
So0 | 9l 387 66] 661 ®| B 138F 9|19 28y 47138 38 B 1 9 9119 19 | 220
21230 g 381 281 65| 47| 561 ob 11501 141 132 | 9 {113 113 | 47| 38| 15 230
ko 28| 28] L7 56 [1131159 {160 il )il | 66 L7) 19 19 240

50 5] 15| 28} 663 B> 7|66 9| 9 250
260 9] g9 131 19 260
TOTAL (223 | 703 | 563 | 421 | 630 | 507 [h32 | 470 |489 | 384 1423 202 l27i | 254 8L} 751 76 |281, 817 8361 356
Total Init{al climb: 6300 mins.

Total final descent:

2290 mins.







TABLE 2°

Estimated time in minutes spent at sach speed and alfitude during elimb by Comet 1 aireraft

Altitude above sea level (I.C.i.F.) x 4000 ft

00 101102103104 ] 051 06} 07 {08 09110 {11 {12 {43} 14| 15) 16 { 17| 18 191 201 24 22} 23] 24} 25; 26f 271 281 291 30} 3 32| 33 3| 35} 36|37 38

al 110 9 9
14120 9 19
81130 9 9
g | 140 9
114150 9 9 19 9
1160 9{ 28 9119 9 9
g1170 9119] 28] 19 L7 9 9 9 19 91 9
A 1180 9 9] 9| 85{103] 28| 9| 9 19 9 9! 19 2 38 91 94| 751 160[160| 851103} 47 9
31490 9 751143 75( 75| 19 28] 9] 191 19| 49 9 9] 66f 9| 28] 9| 561 66] 66} 169] 254 | 517| 761| 865| 667 73314231235 &7 9
= | 200 9 85144 11321691144 ] 56| 66| 281 281 19| 66| 75| 66 [103| 66| 103|141] 20| 367]| 667 677] 733| 959 790{ 479 5551 2731 141150 Sk{ 919
2| 210 9 9 L7) 941031 47|160] 66| 56| 66| 8511411113301 |2351576] 451 (498 592|uk2| 320 | 357| 179] 66| 113| 850 56| 19| 19| 28] 38
o | 220 2] 193] 94| 75[132]|235[169|132]235 |24l | 282] 207320 (357 |254 | 244 235{132] 28] 38] 19 9 g 9| 28
g | 230 19 9] 91 19| 56| 85| 851207/188{132[160{141{103| 47| 75| 28] 19 9 9
M 20 9 191 38| 28| 66| 28] 49} 19 9 9

250 9 9 9

250 9
TOTAL 9|46 5 64} 366] 536/ 534 6861 582| 695| 5171507 | 536 546|517 | 56441808 1629 |780] 807 |808|873]91 21091 |1118{1099[1279 [1467|1352[+1607 {103 1053 | 761 (471 |168 | 84 | - 9

Total ¢limb: 24,969 mimites
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Altitude above sea level (I.Cf\.N.) in 10008 of feet
o1| 02| o3} o] o5{ o6| o7 | o8| 09| 10f 111 12| 13| 14| 15| 6] 17} 18 { 19| 20f 21| 22| 23] 24| 5| 26| 2y 28| 29| 30] 3| 3y B | 35| 6 |37;8»
110 9| 19
wl 1201 19 28
B1130) 19 19! 9| 28] 19
S|l1o! 9t 28] 281 28] 19] 281 971 19| 9 9
Sl150f 9 38f 19} 47| 66| 387 9 [ b7| 19 9| 9
¥ 160 9| 47t 38} oh) 38 (132113 |413) 5| k7l 19| 9 S
é”o 9 28] 65| L7| 85159141 ji50{ 122} 85} 28{ 9! 9 9 9 3
£1180 19 L7[13 (103132 | 75| 188} 66| 103{ 75 9 9 38 a1 9| 19 9
3| 190 38| 19| 56} 66| Bi122[132) o4 | 28f 38| 19| 28] 9| 8| 19 | 19| 28 3| 9) 2k 28| 9} 19| 28] 19 19} 9| 19 g 9
§200 121 9 6] 19 o4} s6| shl1ze| Bl i 66| es| 13| B L7 [ 47| 5] 56| B 66 66| 38] B 85 19| 56| 56| 65| 56| 9k 56| 28] L7 {28 [19) 9
w210 19 28| 651 on|1ht 13| o] 113 85 [113 ] 122|188 {160 |1 132 207 | 197 207 | 169 | 188 | 141 {160| 273 | 275 | Lob| 282 536{ 310| 451 (320163 | 66 | 66| 47
5] 220 19| 38| 85| 38| 75{132] 122|103 | o4} 94| 197|150 }132| 23| 273 | 1 | 226 | 301 | 254 | 310 |207| 320 | 301 | 235| 367 301| 338| 451 [262 )1kt | 66 | 28] 19
5130 9 38f 9| 66| 28] 19| b7 | a7l 47| 13| 47| 38) 38| m| 28| 47| 8| S| 28| k7| 66 94| W 56| 28 9| 28| 28
alp 9 9| 19| 19| 38 19 | 28 91 9] 19| 28} 19 9
TOTAL | 7h [ 160! 198 | 366 | 368 |610 | 555 | 705 | 808 | 621 | 629 [ 470| 376 | 357 w13 | k32 | 696 | Lk [h52| 564 | 639 | 535 | 57k | 686 | 574 | 591 | 517| 697] 52 | 79| 80| 30| T 986 | 667 366 {160 (13| B
Total descent: 20,525 minutes
TARLE
Ectimnted tire {in minu~eg spent at each speed and altitude during ¢ruige by Comet ] sfroraft
Altitude above sea level (I.C.A.N.) in 10003 of feet
00| o1 [ o2|o03]o4{o5{05i07|08 [og {1011 12|13} 4| 15 [16{ 17} 18 |15 |20 |21 {22 |25 |2u} 25{26 [27| 28| 29| 30| 3| 32} 35| 3u) 35] 36| 37}) 38| 3| ko] ]2
110 9| 9 9
120119 47 9
120119122 19
310119 {141 ] 28 9
g 150 191 19| 9 9
| 160 19 9
1P 19 919 9 9 \ 18) 19 19 9
8180 9| 19 9 28] 19| 47| 47| 64} 65| 85! 28] Ly| 38 9} 9|19
%190 8 9 19 9 19| 9f 47| 47| 1B t®| 235] 150 | 26| 207 | 132| 85| 9
5|20 9| 9 19 9 9 19) 19| 19! 47| 13| 207| 527{ 809 | 827 [1015 | 968 | 630|263 | 28} 19
210 9 19 9 9 9 oL | 423 | 1419 3196 | 4060 | 4182 | 4784 | 3976 [ 2340 |1053| 376 | 38
8o 19 >3t 9 9 28| 160 33| 18 j2%3| 3872 (3703 3653 ; 2960 {1823 | P61 | 320 47
3f=s0 19 19 9 85| o[ 216 567} 630! 536| 6%| 508 22| 85| 19
g2 19 9 9| Au7 9| 26 9
|25
260
2% 9
TOTAL |66 {366 1141 {18} ={55[18] « | = | =| =) =| =| =f 38| ®| -1 57|27 {9 ~|18}18 | ={ ~{ 27118 | - |14} 292 | 1039 | 2960 | 5047] 8018 | 9220| 9634 | 910k | 7199 | 4399 |2163 | 827 [ 13| 28] 9| 19

Total cruige:

61,214 minutes
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TABLE 5

Estimated time in minutes spent zt each speed and altitude durinz imtial elamb

and final descent by Cecmet 2 zircrzft

sltitude above sea level (I.C,A.N.) in 1000s of feet

INTTTAL CLINB

FINLYL DESCET

01 | 02 | 03 OL C5 00 01} 02| 03] 04 05 06} 07
100 8 100
i 110 16 110
] 120 33 7 120
g | 130 y2 | 2 51 2 130
o 140 33 2 1 4 140
51 150 4 381 65] 3| 2 150
o 1 160 2 11 41 b : 160
g | 110 2 2 ! 170
g | 180 180
g1 190 21 b 190
o | 200 3 ] 25 6 4 3 200
81 20 | 3 | 43| 8 5( 8 12| 210
3] 220 |20 18 | 225 & 9] 3 131 9| 220
3 230 10 (125 54y 19 230
Sob e |3 2t | 12] 1 240
250 4 250

TOTAL | 47 {322 [ 108] 38| L4 14183 | 145} 24| 8 -1 =113 2

Total initisl c¢limb:

final descent:

519 minutes
394, minutes







TLELE 6

Est t n_minute a h speed and altitude dur by Comeg 2
ALTITUDE ABOVE SEA LEVEL (I.C.A.N,) IN 1000s OF FEET
os{ on) o5| 06| o7f o8} oa| 1o} 1] 12| 13| 1| 18] 6] 17] 18] 19| 20| 21| 2] | 2| 25| 26 7] 28| 2} 30| n| 328 3| | ;| #| 3 ;| 3 w| w 43
‘E 140 1 1
8l 150
g} 160 9
gl 10 )
@ 180 b bk 27
B1190 | 3| 4} & 4 1] 12 th
=1 200 Ll 11y 91 & L 8 L b 10 15 10| 21§ 53! 37| 34 15
§210 7tet| 19 3% 8 71 10 ki 4} 8 LI 44| i 9 ) nt 8 8] sl 16}t u3] 131} 86) 33] 82; 93)163} 158] 177] 59 &8
21 220 21 [ 80} 61| 59 | 33| 2 53| 85{ 67| 43| W] 81| 82|112] 69{105| 92122 [107 [129 {146 [125| 124 |208 [170 | 273 [ 248} 272| 226 727 176| 128] 106} G0} 78
CRE-= 26| 3153139 | 72{50) 55| 63]33] 50 66| az| M| 64| 64| 52| G4l M| 7@ | 83 0| 38 ;64] 23] 24 4si 211 97 1| S8| 36] 24
Biako b 5
oL | &| 4|26 1135 1139 1161 | 84 (101 {111 |147 140 | 76 1133 {151 1148 {164 [137 1173 |188 |201 187 |207 |233 |218 | 180 [260 {198 | 313 {291 | 48| 333 | 22| k4| 2P |315] 283 317] 106 | 134 56
i
Total climb: 7550 minutes
ALTITUDE ABOVE SEA LEVEL {I.C.A.N.) IN 1000s OF FEET
01| 02| 03| o4jos5| 06} 07| 08 09f 10 112 ] 13| | 15161 17] 18 19 20| 21| 22| 23 24| 5| 26| 27| 28] 29} sof ;| 32| 33{| 3| 35| 6] 37| 8] 9| LMK i3
120} 12
1300 %4) 11 4] &4
mio|12} 201 4] &4j 5
Q1501 LY 18| 41 &
& | 180 290 15] 4 I 13
St th|61] 12120 18] 9 5, 2 13 L ‘
T | 180 20 | 17} 6438 20141 20] 4| & 10 |
& 1190 1] 181 W12 27f 4} 13 5,16 | | 12
£ 200 15014 [ 15(22} 261 L L | 15 g8l 31 4 18{ 8 b 10 12| b 26| S2f 18] 26| M |122, 51 |101
w | 210 170 9| 25{11 | lo|50 {28 | 24|20} 68| 39 | 28| 27| 46 | 52| 18| 331 29| 38/ 48] 8i28 24 8ty 51| 65| 45| 90| 134} 681403 | 771 1651200 | 147 214 | 177 11ht
§22° 25126 | {14 | o[ 62{59| 2655 [ 64]61| BT B | 9T k219|635 B} ki WB| 85| RjN1] 551t 66} L2 22| L5} 38 12
g (230 4! 5 5 L b L 4 i 14
3 tao I H
2 250 4
260 5
TOTAL| 42 { 123 123 [168 {90 [130 |89 |14 |77 [122 [117] 96 | 106 | 112 {100 | 88 |123 |1h7] 85 {109 {109 |135} 9k | 31 |95 (102 140 [ 129 | 164 [128 [201 | 199] 93 [195 {171 | 205 | 271 {255 | 348} 240 |2k2 13

Totel descent: 5815 minutes
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TABLE

Estimsted time in minutes spent at each speed and sltitude durins oruise by Comet 2 airoraft

ALTITUDES ABCVE SE4 LEVEL (I.C.A.N,) x 1000 FT

01| 02/ 03| 04/ 05{06 {07 [08]09[10(11 12|13 14 [15|16|17 18{19] 20| 21| 22| 23| 2] 25| 26{27] 28| 29|30| 31} 32|33] 34| 35{ 36| 37) 38 39| 40| W] 42| 43} 44} 45

w 120 &
:‘é 130| 25| 3

1401 40| 42
811501 38| 48| 8 9 13
i 160} 9| 28[412] 3| 4
e 1170 13| 8 13
S 1180| 4| & & 3 23 13 60] 38| 72
5 1190 9 N 16| 68 2941 70| 33} 42
d | 200 3 3 Ll 3 3 AN 28] 219| 308|4708{2234) 432} 43| 11
9 1210 8 5| 8/10| 4| 8 51 7 23| 143] 274) 1036|4233 3887 643
+ | 220 PN 50 121 (121 471 & 5 3 50107 ] 216] 8633149 27721340 81| 12
;‘5 230 8 4 13|12[1661354 | 930{1720}1436] 35
g | 240 177|101 | 282] 51
H | 250 501 48

TOTAL {120 OB |4k |15121 | 3} 3 {=i4| 3| =l=|~13]|~f51=[1712|26}| &!125}12/10[11}{ | 3|~ | =] -]~ |13|62|441 {562 1470 2777|4884} 4062| 5897|5757 13213 566{148] 23

Total cruise: 30,358 minutes
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TABLE

Summary of acceleration dcta from Counting Accelerometers Mk, 1 an Comet 1 aircraft

Number of times each acceleraticn increment was exceeded

Flight Altitude Hean | Recorded Statute
condi— band alti- time miles : 1}
tion tude Dowm L
foot Poat . 1¢32]142211 «12 [1 402 [0.9210.82]0472]0462]0.52]0443]0+33] 0423 | 0423 [0433 [0443]0452]0+62[0.72]{0482{0.921.03 1412
e ee min g g g g g g g g g g g 4 g g g g g g 8 8 8 g
0- 1,500{ 1,000 83 838 1 1 7
Climb 1,500~ 3,500| 2,600 458 1,497 2| 6 5| 71 11 32 7@ a16] 78} 150 10| 2] 2
and 3,500~ 5,500| 4,600 4,164 44130 1 G147l 243 51| 162 46 471 51 31 1
Descent | 5,500- 9,500{ 7,600f 5,016 20,723 1 1 1 1 21 3 9] 13| 82| 96| 42011,143 2,124 779 23| 75} 22| 12| 3 1
(exolud~{ 9,500-13,500| 11,300 4,351 20,863 1 1 31 5| 13| 36} 160] 447 739 254 67 17 8y 3| 2
ing |13,500-17,500|15,700 4,333 22,737 1 31 5| 6} 4] 260 93| 215 337 134 450 1 8] 3
initial }17,500-21,500|19,600; 5,124 28,404 1 1 1 21 6| 10| 22 &3] 120 230 360; 156 69| 361 19| M| 4 A 1 1
0limb 21,500-25,500] 23,600; 6,363 37,063 1 2 2 21 5f 11| 2] 129 aa4) 60} 17| 7 1 1 1 1 1
and 25,500-29,500) 27,600 7,75k | 47,329 2| 2§ 8| 48| 167 303 52| 12| 6 2
final 29,500-33,500 31,300{ 7,753 | 50,199 1 5i 8| 3| 113 185| 62| 20} 6 31 31 1 1
dessent)| 33,500-37,500! 34,800, 2,902 | 20,699 1 1 1 21 4 8| 291 86| 114 39 g1 3| 1
37,500-41,500| 38,400 197 1,538 1 1
TOTAL 45,495 | 255,447 | 4 1 2 2| 71 44! 31| 47| 108 261[10Q5412,846! 5,118{1,783 1531 | 4881 74 38| 12} &t 2 1
0- 1,500 900} 432 15134 2| 211 157 &3] 675 249 | ¥ | 15| 51 3
1,500~ 3,500 2,100 159 521 31 27 95| 122 38 6 1
3,500~ 5,500! 5,000 55 204 1 2 8] 42 Tl 27! & 2
5,500~ 9,500{ 6,000 18 77 - 1
9,500 3,500 - -
13,500-17,500{ 15,100 174 876 6 28 6 L & 2 2
Cruise [17,500-21,500{19,200 5l 272 1 6 13 5 1
24 ,500~25,500| 22,600| &5 23 1 A
25,500-29,500| 28,600| 451 3,036 4 7 15 29 14 | 40 5 2 1
29,500-33,500| 32,200(17,114 |121,442 4 1 3| 6| 40f 20] 78| zZiu| 33| 89 20| 9 7| 6§ 2| 1
33,500-37,500| 35,400 35,157 | 260,273 1 5 81 15| 23| 51]125] 403 | 9M6{1,23h| 432 (171 | 77| 43| | 18 8 3 2
37,5001 ,500| 38,600| 7,502 57,985 31 10] 13| 57| 168 340| 406 | 29| 1 4 3 1 1
41,5005, 500| 42,800 56 436 3 8 2
TOTAL 61,214 | 446,499 1 6 91 48| 32| 74| 188| 738|1,939/1,84L0] 939 [286 |12k | 63 | 46| 24} 10 3 2
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TABLE

0

Summory of aceeleration data from Counting Accelercmeters Mk. b, in Comet 2 sircraft

Altitude Mean | Recording r f times each sccelerstion increment was exceeded
Flight range laltimde| time Sﬁ;‘;e Kusper O tines ¢ (s Szl, _ap;m) ¥
condition feet feet ming ctolp | =12 1,01 =08 =~0.6 |=D.4 | ~0.3 '0-2!i+0.2i+0.3 +0.0 [+0.6 +0.8 1 ¢1.0 | #1.2
el e) 8! ey el gl e| gt g1 &) e | i al 2] &
inttial 0~ 1,500 1,000 L7 200 3| 12 ) wi = 51 1
climb 1,500- 3,5C0 2,250 430 1,882 1 2 23 84| 312 Lo | 158 39 h 12
3,500- 5,500 4,100 42 195 1 71 3Bl k] 1 2
Final 0= 1,500 580 328 897 1 1 1 2| 6f szl 2] 3i 2 {1 1
descent | 1,500- 3,500 2,250 32 106 1 L 19 3 1
5,500~ 9,500 6,620 3k 156 b2 1
Climb 0= 1,500 1,000 L2 108 1 8l 33 5 2
and 1,500~ 3,500 2,510 250 822 1 23 8ot 1B0O ; 55 10 1
descent | 3,500~ 5,500 4,420 298 1,146 1 7] e[ 113, 26 5
5,500- 9,500 7,380 959 4,358 61 22) 138 21:2 ° 51| 16
9,500-13,500 | 11,540 940 4,669 9| W) 8 151 3
13,500-17,500 | 15,610 93 5,005 1 7t 33} 63 9 2 '
'17,500-21,500 | 19,510 | 1,112 6,375 3. 30f 2 &' 1l !
21,500-25,500 | 23,470 | 1,183 7,302 2| 100 a7 1 1
25,500-29,500 1} 27,580 1,411 9,301 L,y 19 =20 2 !
29,500-33,500 ¢ 31,530 2,006 14,066 b3+ 26| Lo 3 % f t
33,500-37,500 ! 35,540 | 2,152 | 16,205 9 35 107|121 @ 13} ' ;
37,500-41,500 | 39,250 1,925 15,241 1 1 3 A 20 | 8 22254 8 33, 7] 3 1
11,500-45,500 i 42,120 156 1,233 11 3| 6F 12 2 1| ' |
TOTAL 13,365 | 85,831 1 be | 30 4 {um ,207) 805 joout 86| 8§ 3 |
Cruise 0- 1,500 | 1,000 120 335 1} 12} s b 3 i
1,500~ 3,500 2,290 152 LBo 1 8 2 4 i
3,500~ 5,500 4,580 36 137 1 6 15 L
5’500' 9:500 ! 7:500 10 ,-l2 1
9,500-13,500 | 10,000 3 13
13,500-17,500 | 15,250 8 41
17,500-21,5C0 19,290 59 326 L
21,500-25,500 | 23,120 58 352 1 1
25,500-29,500 {27,000 3 20
29,500-33,500 32,800 i 603
33,560-37,500 36,250 5,254 L2528 l 2 18 56 10 L
37,500-41,500 | 29,610 | 20,600 |166,688 ! 15 | 70 V450 ||69 } Bt 17 1
i1,500-45,000 112,230 | 3,960 | 32,k05 | 1 7 {29 1o llass 1e9 | 15 1
T T "
TOTAL 30,358 !245,870 : : 1 22 Mok 674 1687 am | %6 2




ving areatl

Mean chord:

Aspect ratio:

TABLE 11

Aircraft characteristics assumed

Low speed value of slope of the lif't

curve for ircompressible flow

Comet 1 Comet 2
2,015 sq £t 2,027 aq ft
17.52 't 17.63% £t

6 .60 651
.80/ radian 185/ rad1an

TLEIE 12

Representative velues of acceleratlon/gust speed conversion factors

COMET 1
Gust speed/acceleratlon n £t/sec/g
Indicated Sea level I 25,000 ft 1 45,000 t't
h%;n§$:§d (nireraft weight (x 1,000 1ib)
60, 80 100 | 60 80 100 66 |, 80 100
100 Ty S %59.62 70 .46 !39.45 51,27 1 614,08 || 36,18 | 4717 |58.94
150 31 097 § }-}-0 oqzl- ’ I{-‘?-}‘Fj ; 26 014-6 3":1-915}-}- } lI-"l -02 25-?9 ] 51 .02 38.77
200 2022 | 30.42 | 35,9 [ 20,25 |25.88 | 31.35 L 46,70 | 21.78 | 27.20
250 19432 | 24426 | 28,67 || 15.68 119.88 | 24,26 111.68 15.21 }18.59
\ { ; i
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TLBLE 13

Representative values of acceleratiqg(gus@msneed conversion factors

COMET 2
| Gust/speed/acceleration 1n ft/sec/z
| Indacated
{ £ir speed Sea level ' 25,000 % 45,000 't
t (knots) sireraft werght (x 4,000 1b)
] - i H
50 80 100 120 § 60 ¢ 80 ; 400 120 60 4 80 | 100 120
; o oo
100 L7444 | 57 .64 58.36179.88i39.3—1 49,85 * 50.84 1 71.29 35.2oi 45.90 | 57.371 67.33
' ? H . H
150 31,93, 38.93 | 46,03 | 53.78| 26,40  33.46 | 40.85 | 47.88) 23.66. 30.17 | 37.73; 4427 |
l ' -~
200 | 20019 | 2049 | .89 | 20.75{{19.68 | 24.95 i 30.a7 | 35.72) 16.52) 21.65 | %.49] 31.08]
250 19,30 | 23.53 | 27.81 |52.5o|15.23 19.80 ] 23.57 | 27 .6k *.1.62! 154k 118,50 21 .?o!
I i + !
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TABLE 1
Gusts encountered on all routes by Comet | sircraft

Number of times each pust speed was exceeded

cii;ﬁ:on‘ Al;;:;de all:jﬁ de Rec;(;;zed S;‘:f; ;e ' : Vertical] gust ‘speed in ft/sec E.A.8. {+lp, -Dowr!)
feet feet nins -40 =35 |-30] -25 {-20 .~15 | -10 ] “76 P e7h | 410 +15 1420 j+25 1e30 1435 [alo
0= 1,500 | 1,000 83 238 2t 13 91 1
Climb 1,500~ 3,500 2,600 L58 1,497 L] 6114 5Lt 10810l 291 | 135] 24 L 1
and 3,500~ 5,500 §{ 4,600 1,164 L4,130 1114 1ho| 337|636 1 292] 53{ 16| &6 3
Descent | 5,500~ 9,500 7,600 5,016 | 20,723 1 21 2 7120195 556 (1228 {2091 { 980|193 | 39 | 5 1
(exclud- | 9,500-13,500 | 11,300 b,351 | 20,863 i 1] 3.1 15| 3031528 | 197} 19) 3
ing  [13,500-17,500 | 15,700 4,333 | 22,737 1 Lite} 61 w8l 238§ 951 13| 2
Initial |17,500-21,500 | 19,600 5,121 28,401 1] 5{14] 761 156 240 (109 291 74 2
climb 21,500-25,500 | 23,600 6,363 | 37,063 1 24 4} 2] e7)ok] 331 L 1
and 25,500-29,500 | 27,600 | 7,754 | 47,329 2 27| 82126 | 27) L 1 |
Final 29,500-33,500 | 31,300 7.753 | 50,199 2| 18] 530 90| 28} 4y 1, ; !
Descent) |33,500-37,500 | 34,800 2,902 | 20,699 111 g 2801 3L | 11 i i |
37,500-41,500 | 38,400 197 1,538 ; - - : B
TOTAL U5,495 |255,4a71 1 24 3|15 | L2 172 1077 | 2552 bt 6350 Th ik | 4
Crutse 0= 1,500 900 132 1,134 9+ 83| 3535 653 [1100 | 5491125 25 | 6 | 1
1,500~ 3,500 | 2,100 159 521 bt 3R] 8209 | 37 :
3,500~ 5,500 5,000 55 204 ¢ 2 23 8L i 139 59 11 3 1
5,500- 9,500 | 6,000 18 77 ; -1 -
99500"151500 ' = -
13,500-17,500 | 15,100 1 87 - 6 51 1
17,500-21,500 | 19,200 54 2 1 7 2
21,500-25,500 | 22,600 45 243 1 1
25,500-23,500 | 28,600 L51 3,036 5 9l 18} 11t 3
29,500-33,500 ! 32,200 | 17,114 181,442 1 101 By gl ||l 57y 91 32 |1
33,500-37,500 | 35,400 | 35,157 {260,273 o | 812 |169| 47 o6l {2081 52 [18 | 2 | 1 |
37,500-41,500 | 38,600 7.502 | 57,985 2! 16y s6fjiib 1l 29 311 1
41 ,500-45,500 | Lz,B0O 56 1436 - 2 |
) i
TOTAL . | 61,214 'L46,499 1] 3 {18125 | 647) 1511 2134 | 957120k |50 11 ¢t 3¢




TABLE 15

Gusts etcountered on a1l reutes by Comet 2 alrcraft

Mupmber 2% ties each gust speed was exceeded

: i

Flight Alcitude Mean Recording i8tatute
condition pand altd tude i t1me miles 1'\’ev‘t.ical gust speed In ft/sec Ea.h.S. (+Up, -Down)
feet feet nins ~lo! =35 =30 |25 1-201 <15 {10 1 <74 1478 | 410 {415 1420 105 | 430 1435 sl
Inivial 0~ 1,500 1,000 Ly 200 1 5 23 L2 ] 29 8 3 2 1T
climb 1,500- 3,500; 2,250 L30 1,882 1 31 15 89 § 255 #3956 {160 2L | 6 z 1
3,500~ 5,500f 4,100 L2 195 b 170 24 7
#1ual 0= 1,500 580 328 837 1 1 1 1 1 2 18 60 HiL2 § 42 Ll 2 1 1 1 1
descent 1,500- 2,500 2,250 32 106 1 L 16 6
5,500 9,500 6,620 34 156 1
Climd 0- 1,500 1,c00 L2 108 3 9 4 L hi 2 1
and 1,500- 3,500{ 2,510 250 Bz2 1 251 59 (1150 61 5 1
descent 3,500~ 5,500 4,L20 298 1,146 6 32 5 24 1
5,500~ 3,500 7,380 953 4,358 1 5 23 0 134 { 4y 5
9,500-13,5C0 11,540 940 4,669 3 13 1| 38 9 1 !
13,500~17,500; 15,640 931 5,005 | 1 3 15 2L & 2 '
17,500-21,50C 19,510 1,112 6,375 . 1 6 7 1 ! }
21,500-25,500} 23,470 1,183 7.302 6, 1 2 | i
25,500-29,5C01 27,580 1,411 9,301 | 3 2 ‘ i
29,500-33,500] 31,530 2,0c6 14,065 4 8 .
%,500-37,500 35,540 2,152 16,205 9. 35 29 12 I
37,500-41,500 39,290 1,925 | 15,21 vlo23 4 f17 | 69 T 29 61 2
41,500-45,500| 42,420 156 1,233 112 2 1
TOTAL 13,365 | 85,831 1 301 95 } 328 1599 |201 ! 22 4
Cruise o~ 1,500, 1,000 120 335 3 i 14 56 13
1,500~ 3,500 2,290 152 L8o 2 7 2 12
3,500~ 5,5001 4,580 36 137 ; a 7 15 6
5-500" 9:500 7:500 10 i;2
9,500-13,506] 10,000 3 13
13,500-17,500f 15,250 8 i1
17,500-21,500; 19,29C 59 326
21,500-25,500( 23,120 58 352
25,500-29,5001 27,000 3 20
29,500-33,500] 32,800 5 603 | '
33,500-37,500] 36,250 5,254 L2,428 ! ! Vo2 11 I
37,500-41,5001 39,610 | 20,600 168,688 i i1 161 66 | 84 194 1
11,500-45,500! 12,230 | 3,980 | 32,405 vi o o710 30 e |5t g
|_TOTAL 30,358 245,870 : ’ ! it o 30126 top 69 2 f ;




TiBLE 16

Altitude bands used in analvsis

Feet
00 0 - 1,500
02 1,500 - 3,500
Ol 3,500 - 5,500
06 5,500 - 9,500
10 9,500 - 13,500
14, 13,500 - 17,500
18 17,500 - 21,500

22 24,500 - 25,500

26 25,500 - 29,500
30 29,50¢ - 33,500

3 33,500 - 37,500
33 37,500 - 41,500
42 Wi 5530 = 45,500

- Dl -
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TOTAL RECORDED FLYING TIME 744 HOURS

i5C

FLYING
HOURS

[ola]

50F

JUNE JULY  SEPT OCT DEC NOY DEC/JTAN FEB MAR APR. MAY JUNE JULY AUG SEPT OCT
1957 1358 1959 1260

FIG.2. MONTHLY DISTRIBUTION OF RECORDED FLYING TIME
FOR COMET 2 AIRCRAFT.
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551,551
621,396, 969,36
[A1] (42) Comet 2

AR,C4 CoPe Noo M3

ATMOSPHERIC TURBULENCE ENCOUNTERED BY COMET 2
AIRCRAFT CAFRYING CLOUD COLLISICN WARNING RADAR,
Aplin, Judy E, Juns 13963,

Counting acceleremeter records have been cbtained of the
turbulence enceuntered by R.AF. Cemet 2 alrcraft, eqUipped with ¢lsud
collision warning radar, in 335,000 miles sf operational flyling
largely ea routes connecting the U.K, with Singapere,

it is ghown that the Comet 2 met slgnificantly less turbulence at
all altitudes than the Comet 1 which was not carrying this radar, and
that the reduction in the frequency of cccwrrence of gusta increased

{Over)
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A21.396, 969,36
(a1} &2) comet 2

A.RuCe CoPe Noo 713

ATMDSPHERIC TURBULENCE ENCOUNTERLL BY COMET 2
AIRCRAFT CARRYING CLOUD COLLISION WARNING RADAR,
Aplin, Judy E, June 1563,

counting acceleremeter reccrds have been obtalned of the
turbulence encountered by R.AF, Comet 2 alreraft, equipped with cleud
coliislon warning radar, in 335,000 miles of operatlonal flying
largely on routes connecting the U,K. with Singapore,

It 1s shovn that the Comet 2 met significantly less turbulence zt
81l altitudes than the Comet 1 which was not carrying this radar, and
that the recduction in the frequency of cccurrence of gusts increased

(Over)
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fa1] 42) cemet 2

AJRCe CoPs No, T3

ATMOSPHERIC TURBULENCE ENCOUNTERED BY COMET 2
AIRCRAFT CARRYING CLOUD COLLISION WARNING RADAR,
Aplin, Judy E, June 1963,

Counting accelerometer records have been cbtained of the
turbulence encountered by R, A.F, Comet 2 alreraft, equipped with cloud
collision warning radar, In 335,000 miles of operaticnal fiyirg N
largely on routes comnecting the U.K. with Singapore,

It 18 ghown that the Comet 2 met significantly less turbulence at

all gltitudes than the Comet 1 which was not carrying this radar, and
that the reduction in the frequency of occurrence of gusts Increased
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with gust magnitude, No gusts ag great as 20 ft/sec were recerded by
Comet 2 aircraft during the cruise,

Comparsble data from U.S, aircraft have alse been censldered, and
show & similar reduction in the ceccurrence of large gusts.

with gust megnitude, No gusts as great &3 20 ft/sec were recocded by with gust magnitude, No gusts as great as 20 ft/se¢ were regorded by
Camet 2 alrcraft durlng the cruise, Comet 2 alreraft during the cruise,
Compareble data from U.S, zircraft have alsp been considered, and Comparable data from U,S, aircraft have slso been considerad, end

show a 8imilsr reduction In the occurrence of large gusts, show a Bimilar reduction in the ogcurrence of large gusts.






C.P. No. 713

© Crown Copyright 1964

Published by
Her MWuESTY's STATIONERY QFFICE

To be purchased from
York House, Kingsway, London w.c.2

423 Oxford Street, London w.1
13a Castle Strzet, Edinburgh 2

109 St. Mary Street, Cardiff
39 Kimng Street, Manchester 2

50 Fairfax Street, Bristol 1

35 Smallbrook, Ringway, Birmingham 5

80 Chichester Street, Belfast 1

or through any bookseller

5.0. CODE Ne. 23-9015-13
C.P. No. 713



