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Vertical gust velocities and variations in normalg associated
with clear air turbulence and turbulence in cumulus clouds
as studied from 'ESE data'
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(Received 19 July 1976)

ABSTRACT . "Exercise Storm Ex change ' (ESE) it a name given to the Project in which An RAF Uillberr&
aircraft rR 7/9 wes lont to Iadle for undertaking etmoephcric etcdiee. Th o 8irctaf\. wae flown in India d uring: J une
to September 1972 from Bengalore , Pu ne, Calcutta and Agra . to stul ly tho synoptic end meeo-ecele lysteJDB in the
summer monsoon elreuletlon over India.

ThUs paper deal. with the analyew oftbe data on variations in norma l gravity (g) and vertical gusts (Vg) en.
countered "y the aircran in two different conditiona-( l) in clear air while it wal ftyingat different levels in the upper
troposphere between Bengalore and Trivand rum in J uly 1972 and (~ ) while it wee Dying through growing cemnlne
clouds in the vl<'in ity of Bangelore on 20 September 1072. Using the data extracted at 0· 1 80000d Intervale, th e
vertica l gu"t velocity And th e variatione in normal gravity were evaluated and this dat a haa been analysed. 'The
anal)"IIis showed only light or moderat e turbulence in t he fa.st easterly f ield between 20000 and 50000 It over Penin,
euler India. Moderate to severe turbulent conditions were encounte red while probing tho cumulus douds. The
maximum gust velocity in th e former c. was 17· 5 Ct per 800 and in the later case 32·5 ft per IIJCC.

t . InlradaellOD

1.1. During the last two decades stud ies on
atmospheric t urbulence in clear air and in clouds
have been made using inst rumented aircraft in
man)' countries (e.g., Fankhauser and Lee 1967,
Burnham and Lee 1969, Lee 19n, Carlson and
Sheets 1971 ). Such studies were made for the first
time in India in the summer ofl972 when the Royal
Aerouautical Establishment , Fa rnborough, U. K.
loaned a Canber ra aircraft PR 7/9 equipped with
scient ific instruments to India to undertake stud ies
on atmospher ic cond it,ions. Details of tIle.scicnt i,fic
equipUlcnt und the different atmospher ic stud ies
con,lucled hy utilising this aircraft have been des
erib..1 elsewhere (National Aeronautical Lnborn
tor)' 1 973, Bhaskara Rao et al. 191'1).

1.2. Rou gh air conditi ons arc encountered b)' t he
aircraft both in clear air and in cumulus clouds.
In clear air the turbulence is generally associated
with st rong vert.ieal wind shear. J)ur~S the 8u~er
monsoon mouths, strong east erly winds prevailed
over the Peninsnlllr Ind ia in th e upper t ropos
phere, over lying the westerly flow in th e !ower .tro
posphere. The easterlies strengthened with heIght
a d reached maximum around 16 Ian a.s.l, where
: easterh: ]·et stream usually exists at this level
un. b 20N p .with its mean position near a out 1 over emn-
snlar India, Strong vert ical wind shears can be

expected above and below the level of maximum
wind, The aircra ft was flown between Bangal ore
and Trivandrum at different levels to study tile
na ture of turbulence associated with this fast
easterly flow.

1.3. The aircraft was not intended to fir in severs
convective clouds. However, it could penetrate
safely in cumulus clouds of moderate vertical
ext ent . So on 20 Sept ember 1972 the aircraft was
flown through the growing cumulus clouds lit
d ifferent levels to obtni n turbulence data, TIle data
pertaining to the above two cases have been pro
cessed to obtai n the vertical gust velocities and the
var iations in g. The results are present edjn this
pap er.

2. Data

2.1. The parameters that need be d igit ised from
the conti nuously record ing autographic charts
for obtaining vertical gust velocity are the angle of
incidence (a) , the pitch ang le (6), the normal
gravity (q), indicated air speed ( I' i ), pressure alti
tude (8 ), and indicated outside temperat ure (Tol.

2.2. As temperature record was available only
011 the slow recorder which has one 'second t ime
marks tho digitisat ion of the pnrnmeters Vi, To
and 1I were mad e 0 111)' at one second intervals.
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