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Counting accelerometer records were obtained from a Centralkfrlcen 
Airways Viscount. After a year's recording, cloud warrung radar was f'ltted 
to the aircraft and data for a further three years were obtairzd. A con+ 
par~son is made between the loads experienced dwlng the -hvo perxds and 
it is concluded that the carrying of radar has little effect on fati&ue 
damage, but considerably reduces the frequency of' high loads, at 1 g the 
reduction being by a factor of six. 

* Replaces R.A.E. Technical Report 68065 - A.R.C. 30708. 
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1 INTRODUCTION 

As part of the prcgramme for reccrdmg aircraft accelerations in 
flight, a counting accelerometer was carried on a Viscount tyne 748 of the 

Central African Airways Corporatlcn. Durmg the period covered by tne 
observations, cloudwarning radar was fitted, so that it is pcsslble to 
make a direct assessment of the value of this aid. The period severed 
without radar was approximately one year, from September 1956 to August 1957, 

and the period with radar from September 1957 to Septe&er 1360. The wricds 
of useful recording were, uthcut radar, 358 hours and with rtiar, 1322 hours. 

The present work 1s considered to carry more weignt than earlier zom- 
pnr~scns of this nature. A compssiacn with Comet aircraft' xwolved differe:.t 
operators, B.O.A.C. and R.A.F. Transport &mnand, and It 1s Likely that 
operatwnal factors contributed to the observed differences. AZ AEerlCsx 
paper2 makes the comparison usxng both V-g-h and V-g data, but as the perJ.cd 
wlthwJt radar extended only from October 1955 to April 1956 while the 
period with radar ccvered a tiole year, seasonal varlatlons ZY lz.kely t<, 
affect tne results. 

However, the indications were that the large loads plere considerably 
reduced (about 25;?u m magnitude), but that there was no cl@?xcar,t chc:mge 
in the frequency of the small loads. There was no apparent effect upon 
the airspeed practxes. 

The present analysis suffers frl,in neither of these drawbacks, ti:e 2 '~a 
being acquired frcm the same operator, flying with the same route structure, 
for nericds of one year and three years, respectively. 

2 THEl COUNTING ACcELEROI~X.TER 

The counting accelerometer 1s an instrument deslgne9 soeclf~callv for 
operational recordi.&". Basically, it 1s an accelerometer whlc? astuates 
a series of counters at preset acceleration levels. On exceedinri a. aven 
Increment of acceleration, the counta- 1s cocked, jnd th? cc,r-t is s~~,?iioieted 
when the acceleration returns to a second preset lower level.. hr the 
l6k.N mstrument used ~fl the present u?vcstl;sticn, these valid -o??re ;ivsr, 

lil the table below. 



Acceleration iwrements required 
to record an occurrence 

Counter count 
cocked Completed 
0.2 g 0.0 g 

0.3 g 0.0 g 

0.4 g 0.1 g 

0.6 g 0.2 g 

0.8 g 0.3 g 

1.0 g 0.4 g 

1.2 g 0.6 g 

1.4 g 0.8 g 

1.6 g 1.0 g 

h further property of the accelerometer which is worth bearing in x%x3 
IS that It has two degrees of freedom, so that by a careful choice of para- 

rteters, ICS respnse is more at the disposal of the expermenter than is the 
case lsnth an instrument having a single degree of freedom. 

In the present instrument the response is fairly flat up to 10 He and 
then falls away rapidly, inversely as the fourth power of the frequency. The 
response 1s shown diagrammatically 111 Fig.1. 

The accelerometer 1s mounted rigidly near the centre of gravity of the 

alrorbft and the counter readings are photographically recorded at time mter- 
vals cf a,>proximately 10 minutes, together with the tine and the height and 
speed of the aircraft. The information fYan the film is subsequently trans- 

ferred to punched oards for analysis. 

3 DETERLXNA'ION OF IQUIV~T GUST VEXCITIES 

;Ihen oompar~sons between the turbulence encountered by dl;ferent types 
of aircraft are required, it 1s convenient to convert the accelerations to 
equivalent gust velocities. This procedure, described by Zbroze d , assuixes 
an arbitrary gust shape, and that the aircraft 1s rigid and does not pitch, 
account beung taken of tie unsteady lift for a fmnlte aspect ratio wing. The 
Lust nroflle assumed is rampshaped with a gradient distance of 100 ft., The 
com_outer ?rogramr,le employed III the analysis is descrlbe3 by Heath-Smithb. 
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Far the purpose of the -oresent comparxon, in examining the effxk of 
the radar on axrcraft loads and the discomfort of the occupants, it x pre- 

ferable to consider the accelerations themselves. In a cozlparxon of the 
turbulence actually encountered by the aircraft 111 the two oases, th? d?rlvu 
gust velocities are the more appropriate. A convenient enTlrxa1 formula 
for aircraft response is derived in the Appendix. 

4 BASIC DATA 

The routes flown by the aircraft are shown in 556.2, and their fre- 
quencles for the periods ratbout and with radar are given in T&k 1. It, 
will be seen that there 1s no appreciable aifference in route struct~e for 

the two periods. 

The recorded accelerations axd derived gust velocities fm the two 
pericds are presented in Tables 2-5 in the standard fcr.lat used for the-e 

investigations. The category "initial climb" caprises in?omktion from 
the first intervals after take-off, ana "final descent" comprises mnf'c~~at~rl 
from the fual interval before landing. "Cl.MP and "descent" are j&w- 
vals during tiich the altitude, rounded to the nearest 1000 ft, has changed 
by zncre than 1000 ft UI the appropriate direction; "cruse" comprises the 
remamder. 

For the purposes of the present comparison the classlficntlon in 
Tables 3-6 spreads out the data rather too thmly, and it ha hen dehed 

to reauce the classes to four, namely: 

(4 all flymg below 3500 ft, 
(ii) all flying from 3500 to 9500 ft, 
(iii) climb and descent above 9500 ft, and, 

(id cruise above 9500 ft. 

Furthermore, the up ssts and down gusts have been added. The result cl XU 
is given m Table 6 wkch also includes the frequencies per ule of fll,jlt 
and the mean speeds in knots eas. 

5 DIXJJSSION OF RESVLTS 

'The uxf'ornntlon 1s presented dlagranuat~cally in Fig&J-6, Fqp.3 ~irii im 
being bzsed on the accelerations and 5 arsi 6 on equivalent f:at velocltx~s 
(only poults b&sed on five or more occurrences are shown). 

It will be seen that for the lower acceleratlcns of abcut 0.2 g, Fk.2 
frequencies vntb and without radar are Amost 1dentlcaL What di fwar,z L1 
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there are in the flying helm 9500 ft for accelerations of about 0.4 g shav 

small mcreases tien carrying radar. Larger loads are only encountered with 
significant frequency above 9500 ft and here the benefit from the radar 
becmes considerable, particularly in the cruise. 

The diagrams for equivalent gust velocities, as might be expected, 
show much the same trends. However, at the low gust velocity of 10 ft/sec 
there is a s&&t reduction with radar in the frequency of encounter. This 
reduction is almost entirely counteracted by the small increases in speed 
sham in Table 7, so that the accelerations of 0.2 g, as already seen, are 

practically unchanged. 

The increase u speed 1s probably due to the increased confidence given 

by the use of radar (the small change in average height 1s due to a reduction 
in perrxitted differential cabin pressure). 

The reduction of speed when in turbulence may be examinedin the following 

way. By taking points corresponding to equal frequencies on the acceleration 
and gust velocity curves, we can find the acceleration corresponding to a 

given gust velocity. If we now assume an average height and. weight for the 
given flight condition, we can determine the correscondmg speed from the 
expressIon for arrcraft response derived XI the Appendix. 

The fact that an average height a& weight are assaxd does, of coarse, 
intraiuce an experimental scatter so that the methcd is not ,oarticularly 
reliable at the highest gust velocities. However, the method has been 
applied at 10 ft/sec and 20 ft/sec with the results shcxvn in the folloWing 
table. 



Speed of Speed 01 
encountermg encountcrm;, 

Flight conditlcn Lean sped gusts of gusts of 
knots eas IO l-t/Em or 20 f%/sec clr 

more more 
knots eas hots eas 

All flying below 

i to 

350C ft 150 146 141 

All flying from 3500 ft 
9500 ft 150 143 140 ithout 

radar Climb and descent 
abcve 9500 ft 160 154 157 

Cruise above 9500 ft 182 171 121 

- 

All flying below 3500 ft 159 154 152 

All flying from 3500 ft 
'lth to 9500 f-t 159 155 152 

adar Climb and descent 
above 9500 ft 173 165 171 

Cruise above 9500 r"t 194 132 177 

Without radar there is a reduction in the speed of encwntermg 
10 ft/secgusts or greater, of' from 4-11 knots;and below 9500 ft the reduc;ux 

LS much the same for 20 ft/sec gusts or greater. 

Above 9500 ft and particularly during CI‘U~SB, the speed of cnccunler 
for 20 ft/sec gusts or greater is not slgcnlficantly lcww than the mean 

speeds. This unplies that the maJorlty of the larger lads are unex!xcted 

and thxefore probably not assocxted with the lower mtenslt"r +xrbulence 
for w"lch a reduction in speed 1s observed. 

With radar the general picture 1s much the same with one rather strLkmC; 
exception. In cruise for the 20 ft/sec gusts and greater, a reductic,n lil 
speed of 19 hots is indicated compared with I kcot without radar, an3 thu 
presumably is an indication of adequate warning. 

It is rather surprising that the speeds for clz.mb and descent above 
95CO f't do not shm the same trend but remain very similar to the differences 
observed without radar. 

These inferences are of a tentative nature as the averag;lng JX-ooess 

i.ag have lntrcduced apprecuble errcrs. However, It seems tnat retiuctuxs 



of speed in turbulence are facilitated by the use of radar, although not 

necessarily taking place in all cases. This ccnclusxm would be in agreement 
with the fmdxgs of King7. After examin ing over 3000 hours of a V-g-h 
reccrdrng on current passenger transports carrying radar, he ccncludes:- 

"None of the 24 patches of turbulence examined occurred without warning 
as to their seventy. Thus, although the tecbnlque of reducing alrspeed in 
turbulence benefits fatigue life and passenger comfort, It cannot ensure 
that the largest gusts are always met at tie reduced airspeed.." 

6 ACCELEXATION FFCZQUBKX DISTRIBUTIONS 

In the majority of studies of gust loads on aircraft, it 1s found that 
their frequency distributions can be well represented by the sum of two 
expcnentlal terms, one representing a llgh t turbulence ccmpcnent and the 

other a severe turbulence component, usually identified with cumulus or 

storm disturbance. Such distributlcns have been fitted to the accelerations* 

recorded 111 both flight conditions wer 9500 ft, theexpression being:- 

N = A,e 
-n/a, -"/a2 

+ A2 e (1) 

where N is the number of accelerations per mile of flight exceedmng ng 

and A, a.& A29 a, and a 2 m-e constants. Al and A 2 have dimensions 

"ntier per mile" and a, and a2 are accelerations in g units. 

The values of A, and A2 can be taken as measures of the titles 
spent in turbulence of each intensity and a, and a 2 as measures of the 

intensity. Since the acceleration data contain only sie;nlfxant numbers 

of counts at the first four levels and expression (1) ccnklns four ,~a- 
meters, the expression 1s fitted ever this range exactly. Little or no 
infcrmaticn remains for testrng "goodness of fit". 

Tile values of the parameters so deternuned are given in Z?e fcllcwmg 

ccmpariscn table. 

* Acceleratlcns rather than gust velccltles are chosen for this fitting 
as the gust frequencies are already an lnterpclatlcn from the data, and as 
the lowest value of gust velcclty, 10 ft/sec, for which a frequency is given 
corresponds almost always to an acceleration above 0.2 g, the lrifcrmeticn 
would not be used to the full. It also seems pcsslble that a slight bias 
has been mtrcduced by the method of anelysiw the "tails" of the dlstrlbu- 
tmn 2s the experiolental pclnts of Figs.5 and 6 at the hl&er gust velcclties 
shcw small devlatlcns frasn the sluootil curve. 
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WIthout With 
radar radar 

Mean take-off weight, lb 54410 54980 
Mean landing weight, lb 49470 50540 
Mean weight, lb 51940 52760 

Mean height, ft 
Mean speed knots, 

Climb and I A, per mile 

14320 13560 
eas 160.0 173.1 

0.1127 0.0870 

descent A2 mile per 2.014 2.870 
above 
9500 ft a1 "g" units 0.1089 0.1018 

a2 "g" units 0.04319 0.04225 

Mean height, ft 17650 16540 
Mean speed knots, eas 

Cruise I A, per mile 
182.0 j93.7 

0.02811 0.02638 

above A2 mile per 0.4154 0.8216 
9500 ft a, "g" units 0.1370 0.1109 

a2 "g" units 0.04685 0.04336 

During cruise the time spent UI severe turbulence is very sli&tly 
reduced tien carrying radar (about 6;3, but the time spent ix light turbu- 
lence is doubled. The intensity of the loads in severe turbulence however, 
is very nuch reduced, about I@, although the reduction III lntenslty when 
in light turbulence is much smaller, about 72. 

Similar but generally smaller trends axe observed III cli& and 
descent above 9500 ft. With radar the time spent in severe turbulence is 
about 2576 less, for the light turbulence l@ more; the intensity III severe 
turbulence 7/o less, and in light turbulence 25 less. 

These results again show that the use of radar increases the time 
spent in turbulence of a light nature but leads to a general reduction 
in tne intensity of turbulence encountered which becomes particularly 
marked for the most severe turbulence. 

Extrapolating the distributions, assting it to be justified, we 
find that the frequency of loads at 1 g during cruse, IIS SIX tunes as 
frequent without radar. 
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7 CXWXUSIONS 

The use of cloud warning radar leads to an increased confidence resulting 
m slightly higher operating speeds and some increase in the smcmt of light 
turbulence encountered. Heavy turbulence 1s slightly reduced in amount and 

considerably reduced in intensity. For the most damaging fatigue loads, the 

frequencies are practically unchanged so that there is little effect on 
fatigue life bui there 1s considerable reduction in the frequency of high 

1Oad.S. 

Durmg cruise, if the aircraft carries radar, passengers are Just as 
likely to spill their coffee, but only One-sixth as likely to hit the cabin 

roof if not wearing seat belts. 

;7e are pleased to have this opportunity to acknowledge with thanks the 
kmd cooperation of Central Afruxn Airways Corpcration in collecting the 

data and for their helpful comments. 
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Appendix 

A convenient emprrical formula for aircraft response to the ramp- 

shaped gust can be derived as follows. We have 

nW = +p, S Ue Ve a K (A-1) 

where n is the aircraft normal acceleration in g 
W is the aircraft weight m lb 

PO is air density at sea level, slugs/ft3 
S is the wing area,ft' 

ue is the gust velocity eas,ft/seo 

'e is the aircraft. forward speed,eas ft/sec 
a is the slope of the lift curve pzr radian 
K is the gust alleviation factor and is a function of aspect ratio 

and mass parameter p 
g 

. The mass uarameter 1s given by 

2w 
Pg = 

P Scat3 

where the quantities not already defined are 

p the air density,slugs/ft3 
c the mean chord, ft 
g acceleration of gravity, ft/sec'. 

For a given aircraft, over the range of p 
g1 

at which It operates, 
It is usually found that the relationship bekveenE and1 

% 
1s approxunately 

linear, so that K may be written as 

K =-t% 
Pg + 9 

where p and q are constants. 

Substituting the expression given by (A-2) for pg 1~1 (A-j), 2nd 
substituting the resulting expression for K in (A-l) and re-arranging 

gives finally 

ueve = n 2w 
i pp,Sa 

where CJ 1s the relative density, p/p,. 

(A-3) 

(A-4) 



12 Appendix 

For the Viscount discussed in the main text S = 763 ft2, 0 = 10.24 ft, 
a = 4e.6 per radian. It is found that 

ue ve = n (0.1759 w + 2280 c) . 

Such an empirical formula is very useful when consxlerlng the effects 
of small changes in height, weight or speed, when interpolation between several 
sets of curves is likely to introduce errors of the same order as the 
differences under examination. 
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Table 1 

ROUTES FU3WN 

Route (or return) liles 

Benina Khartoum 1385 
Benina WadiHalfa 983 
Blantyre Dar-es-Salaam 684 
Blantyre LlXaka 458 
Blantyre Salisbury 320 
Bulawayo Johannesburg 407 
Bulawayo LUSaka 305 
Bulawayo Salisbury 224 
Dar-es-Salaam Nairobi 410 
Durban 288 
Durban 

Lourenftiarques 
Salisbury 780 

Elisabethville N'Dola 124 
Entebbe Kllartoum 1058 
Entebbe N'Dola 930 
Entebbe Salisbury 1232 
Johannesburg Livmgstone 576 
Johannesburg Salisbury 599 
Karlba Lusaka 71 
Karlba Salisbury 170 
Khartoum WadiHalfa 455 
Livingstone Lusaka 232 
Llvmgstone N'Dola 385 
Llvmgstone Salisbury 356 
Louren~o-Marques Salisbury 520 
Lusaka N'Dola 184 
Lusaka Salisbury 232 
Nairobi N'Dola 995 
Nairobi Salisbury 1219 
N'Dola Salisbury 368 

Benina Rome 800 
London Xarseilles 629 
London Rome 890 
Marseilles Rome 367 

1 
1 

5' 
2 

2 
5 

:, 
22 

," 

12 

6 

; 
1 

TOTALS . . . . . 217 

Number 
mthout 
radar 

-c 

1 

E 

Yumber 
mth 

radar 

14 
13 

64 
21 

87 
14 
14 
22 
IO 
13 
13 

16 

18 

Total 
number 

2 
18 
45 

4 
21 
1 

88 
16 
19 
24 
12 
19 
18 

1 
17 
97 

: 
17 
13 
8 

156 
202 
186 
50 

1 
49 

22 
1 

23 
1 

Mean route length without radar 417 mles 
Mean route length with radar 418 miles 



CI.AC VISCWNT (UITHWT CLOUD W:,RNING RADAR) ACCSL!%ATi,X: "F,ZOP.D:D 
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!t 
xordet 

t*ne 
*""t&5 
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103 
1501 

691 

753 2295 
51 140 
26 77 

232 658 
48 150 

357 la9 

*ltiWde man 
band ?Jtlt"de 
feet feet 

O-1500 lcco 
1500-3500 28oJ 
35co-5500 4cm 

0-lw3 mJ 
1!xQ-3x0 2530 
3500-5500 46cQ 
55m-9500 6300 

0 - 1500 1003 
1530 -3500 2600 
3500-5500 4700 
55w-9500 7800 
9500-13500 llyx) 

13500 -17500 15200 
175co-2l500 18iw 
21500 - 25500 22600 

o-15m 800 
1500-3500 22Ca 
3500-55w 4no 
SW-9wo 7x0 
95m -135o.l 12000 

13500 -17500 l&m3 
17500 - 21500 18800 
21500 - 25500 22800 
25500 - 2WO 26000 

5-r 
- 
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- 

52 
391 
198 

641 
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21 
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52 

G 
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Y 

38 
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67 
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38 
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14 

66 

44 
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62 - 
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55 
33 
41 
14 
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Y 
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6 
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36 
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1 
2 
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37 
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- 

).8 Ti - 

- 

- 

.6 3.8 .6 
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63 

212 
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2189 
z5% 

5z 
43 

7095 

z 
632 

5300 
79x3 
93% 
2lR 

182 

25% 

13 
17 
96 

z 
4Y71 
6623 
67.2 

11 

;2 
276 
79 

274 
22551 
30-U 
3315 

58 

i3268 6023 

3 
3 

a - 

1 
1 

2 
26 
10 

38 
4 

2 - 

11 
3 

18 

-T 

9 5;I 
9 35 

14 38 
8 18 

40 
- 
160 

5 

2 

4' 
25 

4 

2t 
18 
63 

1 

36 
- 

121 
- 

26 
27-I 
132 

432 
52 
19 

211 
48 

1 

- 

- 

1 
- 

1 

2 
1 

- 
3 

- 

- 

- 

- 

- 

- 

2 

1 - T"I'AL 

‘Inal 
descent 

TOTAL 

!llmb 2nd 
descent 

TOTAL 

!NiSe 

- 

- 

2 
2 
1 

- 
5 - 

: 
9 

- 

1 
1 
2 

4 

330 

20 
28 
i3 

395 
167 
155 

56 

89.1 

38 

1: 
47 
58 

107 
187 

5 

1 

1 - 

- 

1 

7 

-7 
- 

2 
- 

501 13 
- L 

1 .  . . 
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CAAC VIYXUNT (WITHOUT CLOUD WARNING RADkR) CUsTZ EKOUHTSRRSD 

Nmber of Clmes each amt speed was exceeded. Vertical gust speed ln ft./sac 888 
Altlt"de marl 

band altltudt 
reet feet E Flight 

:ondltion 

Inltlal 
Cllnb 

Mm 
- 

10 
- 

30 
236 
126 

Jse - 

2 
261 

36 - 

2% 

24 
24 
87 

371 
123 
118 

29 
- 

-Tm_ 

46 
16 

.2 
39 
37 
95 

3 

- 

331 

- 

w 

JO 

- 

__ 

__ 

- 

2 

1 
1 

- 

4 

2 
1 

- 

3 

25 al 15 10 15 20 25 

34 103 
493 lwl 
2.X 691 

753 2295 

51 
26 

232 
48 

x 

14 
83 

212 
1648 
2189 
2% 

z 

7095 

13 
17 
% 

207 
650 

497l 
66z3 

672 
11 

140 

62 

150 

1019 

37 
242 
632 

5300 
7953 
93% 
2172 

182 

2587.2 -- 
35 
46 

276 
7% 

2791 
22577 
30741 
3315 

50 

3 

2 
6 

1 

- 

-.I- 

7 
7 

4' 
- 

27 

1 
1 
2 

10 

4 
22 

9 
35 

4 
1 

19 

2 
26 

5 

8 
51 
27 
26 
10 

127 

7 

8 
5 
9 
5 

26 

83 
342 
la7 

612 

as 
22 

289 
42 -_ 

!a- 
19 
33 

105 
393 
109 
104 

26 

12 

33 
s- 
63 

12 

45 

5 

62 

i 
13 
50 
23 
26 

9 

z 1 7 
2 

10 

1 
1 

1 2 - 
2 - 1 

0-15x m =E 1500-3500 
3500- 5500 tE 
55m - 9552 6300 

rOTAL 

:1111& and 
descent 

- 

1 

:, 
1 

- 

9 - 

1 

4 

12 

1 
8 
7 
5 

3 

2 

z 1 1 13m-17590 
17500-21500 

- 

El?- 

73 
18 
6.5 
50 
35 
61 

loo 
3 

28 

14 
12 
13 

9 
11 
17 
37 

13 

24 
2 
1 
3 
3 
3 
5 

14 

8 

1 
1 
1 
2 
5 

10 

- 

K-TAL 

:NISe O-1500 800 
lgw-3L=ix 2200 
3500-5500 4-w 
5!xQ-9500 7-30 
9500-13500 12ml c 13500 - 17yK, 16mo 

17500 - 21500 18800 
21500 - 25500 228CO 
25500 - 29500 26WO 

1 

UT) L 13268 0623 1 5 14 60 406 

- 

31 

L 



CAN: VISCO”NT WITH CLOUD WINING RADAR) ACCEXERATIONS RECORDED 

Flight 
condltlon 

Altitude “em 
bald altitude 
leer. xeet 

Initial O-1500 1003 
Climb ljoo-3500 2800 

3530-5500 4wo 
SMO-YXQ 7ooo 

TQTAL 
FInal O-1500 700 
descent 15@J-3500 2600 

3%w-55w 4700 
55w-9503 6200 

XWTAL. 

Climb and 0-15x 1000 

descem 1500-35m 2500 
3m-5500 4700 
55w-Ygco 79x 
9500 -135w 12000 

13500-17!m 1yKK) 
17500 - 21500 18700 
21503 - 25500 235W 

WI'AL 

25500 - 29500 

!3w 
2E 
7QQ 

11900 
15700 
18-W 
22600 
26wo 

1498 4555 12 lo4 797 s% 133 20 

36 lo4 5 12 
234 705 1 10 50 73 6 3 1 1 

22 20711 2504 2 4: 292 20 2063 222 2017 293 318 37 44 a 

10430 41631 1 8 Ll 161 890 763 118 27 6 1 

6857 28618 32 95 480 "Z lo3 2g 3 a99 4059 5 24 90 19 10 1 
54 293 3 1 

2532 YECO 1 10 128 610 38o3 3730 598 121 11 2 

35 101 4 a 
51 159 

253 ' 790 a 13 1 26; 32: 70 11 
311 1164 5 29 161 2Ul 32 6 

1102 4832 1 
: 

9 27 147 127 33 3 
33725 162159 2 Y.4 189 966 846184 1'9 6 2 
13867 0~51 2 31 95 432 415 81 32 8 1 

412 1895 It 
7 

35 164 1 1 

49791 23x355 3 11 107 391 1981 1931 5ol 111 17 3 

. . . . 



CAAC VIS- (KITH CUWD !WdUNc RADAR) GUSTS FXCXWEXD 

AlLitude 
band 
*eet 

Flight 
condition CohN 

f 

Yi - 

- 

- 
- 

- 
- 

- 
- 

- 
20 

- 

24 
5 

- 

29 
- 

2 
5 
3 - 

10 
- 

3 
33 
17 

9 
2 

-z - 

5 

z 
14 
12 

7 
- 

- 
10 15 120 1 25 30 25 

t 
1 

1 

1 

1 
f 

1 L 
1 

1 lb 

1 

1 
1 b 

2 1c 

56 
I499 
549 

1 - 
2lO5 
- 

66 
146 
366 
2Lll 

3 36 
142 1141 

55 514 
2 

200 1693 

6 58 
89 

:4” 297 
25 205 

73 649 

7 4; 
28 215 

18l 1463 
78 495 
W 228 
12 43 

349 2500 

2 
0 

38 205 
12 % 
13 57 
47 301 
39 172 

1 
1 

149 535 

87 287 
1567 51co 
10% 355 

14 48 

2722 5988 

131 369 
165 489 
8& 2488 
378 1209 

1498 4555 

36 104 
234 705 
77-7 2w4 

6a)5 20511 
la30 41631 
68s-l 28618 

899 4059 
54 258 

2!EQ 986C'J 

35 101 
51 159 

253 7% 
311 1164 

0 - 1500 
lwJ-3500 
3500-5500 
55ca - 95uJ 

O-1500 
15w-35m 
3m-5500 
sm-9500 

0 - 1500 
1500-3% 
35cQ - 5500 
5xo-95m 
9wo -13500 

13500 -17500 
17500 - 21wo 
21500 - 255D0 

O-1500 

lyK,-3500 
3503-5500 
55m-VW 
9w-13500 

13500 - 17.m 
17503 - 21x0 
3500 - 25500 
!55m - 29500 

- 
TQTAL 

Final 
descent 

mTAL 

Climb and 
descent 

- 

- 

1 

819 
- 

10 
59 

259 
I24 
410 
243 

43 

- 
!578 - 

4 
1 

270 
122 

55 
295 
1P 

1 
1 

1 

TOTAL 1 

l3Ui.W 

26&00 

919 
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1 Judy E. Aplin Atmospheric turbulence encountered by &met 2 
aircraft carrying clod c01lis10n warning radar. 
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Fig 2 Routes flown 
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aClimb and descent above ssooft 
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Fig.3 Accelerations experienced without and with radar 
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Fig 4 Comparison of accelerations experienced in each 

flight condition without and with radar 



x All flying below 35ooft 
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Fig 5 Equivalent gust velocrties encountered without and with radar. 
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Fig.6 Comparison of equivalent gust velocl t ies encountered in each 
flight condition without and with radar 
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