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ABSTRACT

The paper describes the chief featuresof the fan used in
the Indian F-type radio-meteorograph and how it enables
one to know from the radiosonde data whether the balloon
is descending due to accumulation of snow or strong
vertical currents. Instances when the balloon went up
and down due to accumulation and melting of snow
have been described. The decrease in the rate of
ascent and even the descent of the balloon due to strong
downward currents in a thunderstorm on the 26th April,
1950, have been estimated. The paper also shows how the
F-type radiosonde data can be used to identify regions of
clear air turbulence. The paper describes some observa-
tions of variation of turbulence associated with tropos-
pheric inversions, in the upper troposphere and in the
stratosphere.

Infroduction

The problem of turbulence in free air has grown in recent years to be of
great importance in aircraft operations and to aircraft engineers. Turbulence
in clear air unrelated with thunderstorm cenditions first came to be noticed with
the introduction of routine high level flying, as bumpy regions about 50 miles
wide, 2000 to 3000 ft. deep and extending for hundreds of miles. They are known -
to occur both above and below the tropopause and in low and high Ppressure
regions, as often with large as with small horizontal wind, and seem to have
no preference for any particular temperature gradient. An extract(!) from a
description of turbulence encountered on the 21st September, 1950 near Ottawa
will be of interest. “S/L O. C. Brown, flying Mustang aircraft 1951 was climbing
to height in connection with certain tests. At 1600 hours EDST in' clear air,
he experienced turbulence. The turbulence commenced at 23,000 feet and was
still present at 26,000 feet, the maximum height of this particular ascent. The
maximum tvrbulence was experienced at 24,000 feet at which height an
acceleration of 3g. (accelerometer type Kollsman) was recorded at an indicated
air speed of 170 kt.”

Though a satisfactory explanation for free air turbulence has yet to be
found, it is generally assumed that turbulence is a result of the instability of
laminar flow and a number of attempts has been made to determine the criteria
for this transition. It has become the concern of the meteorologist to under-
stand its causes and to forecast its occurrence.
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Many countries are now co-operating on a gust research programme, for
the development of turbulence indicators suitabie for installation in aircraft
with which quantitative measurements can be made, particularly in high alti-
tudes. Meteorological services in various countries are also trying to develop
turbulence measuring devices to be incorporated in routine radiosonde or radio/
radar wind equipment. The effects of turbulence on a free hydrogen filled bal-
loon will be to affect its rate of ascent, but since the gusts will be of short dura-
tions, they cannot be easily detected from the rate of ascent of the balloon, com-
puted from the observations of pressure signals received from the radiosonde.
The necessary accuracy is also not possible in pilot balloon observations for
the detection of turbulent layers. o

In the U.S.A., a parachuted telemetering instrument, called the gust-sonde
has been developed for measuring free air turbulence®. This instrument con-
sists of a small, very high frequency radio-transmitter with transducers for
measuring pressure and vertical acceleration. A cantilever-vane accelerometer
measures the acceleration within--4 gravity by causing an amplitude-modu-
lated radio frequency to vary with the acceleration. The signal is transmitted
at 148-95 me to a ground recorder. The instrument is carried aloft to above
60,000 ft. and a record of the vertical accelerations experienced by the specially
designed stable parachute carrying the gust-sonde, is begun after the balloon
bursts and its fragments are discarded by a release mechanism. The data are
recorded only in descent since the balloon is found to be too unstable to premit
its response to be correlated with vertical velocity changes. The rate of fall of
the gusteonde varies from about 40 ft. per sec. at 36,000 ft. to 22 ft. per see.
at 30,000 ft. to 13 ft. per sec. at sea level. : ‘

But this instrament appears to be too complicated for cperational use.
The present paper describes some of the special features of the F-type radio-
sonde of the India Meteorological Department® and its adoption as a
simple device for the measurement of turbulence in the atmosphere. The results
of observations utiliting the above technique over India are compared with
those obtained in U.8.A. with the gust-sonde?,

Some ‘special feétures of the F-t{ype radiosonde .

- The F-type radiosonde (Fig. 1) of the India Meteorological Department
works on the Bureau’s principle and employs a simple paper fan to operate
the switcning mechanism during the ascent of the balloon, to telemeter the
-various meteorological elements to the ground. Similar fan driven switch-
ing mechanisns aze employed in the Vaisala, U.8.8.R. and British radio-
sondes, but these fans operate on the principle of cup or vane anemometers
and rotate both while the balloon ascends and descends and with horizontal
winds. The fan of the F-type radiosonde on the other hand, rotates only when
it is moved in the forward direction along the axis of rotation, i.e. , only when
the balloon goes up or there is a vertical down draught on the fan when it comes
down. Horizontal winds have little effect on the rotation of the fan (this was
confirmed by tests in the wind tunnel) and since during flight the balloon moves
horizontally with the wind the effect of horizontal winds ‘is even less in
~-actual flight. It thus becomes possible to ascertain directly from the record of
the T-type radiosonde, whether the balloon is ascending or descending, and
if descending whether it is forced down for example by a down draught or
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hy accumulation of snow on the balloon. And from measurements of the rate of
rotation of the fan it is also possible to detect regions of vertical currents or
turbulence in the atmosphere. ; , :
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~If, during a radiosonde flight, the balloon develops a leak, the rate of
ascent of the balloon will first decrease and later the balloon will descend.
This will be reflected in.the rate of rotation of the fan which will decrease
first and later stop when the balloon begins to descend. If enough snow
accumnlates op the balloon, the balloon will also dsscend and the fan will stop
rotating except that when the balloon has descended below the freezing level
the accumulated snow will melt and the balloon will rise again and the fan will
start working. Suryanarayana and Kacharet) had occasion to observe this
phenomenon on two days (6th October 1950 and 7th October 1950) at Poona,
when F-type radiosonde ascents were made during rain. Fig. 2 shows the pres-
sure and temperature distribution when the balloon descended due to accumu- .
lation of snow and later ascended when it melted. From an analysis of simple
observations made at Poona and elsewhere, Kachare e al6)bave estimated
the amount of water or snow deposited on the balloon, the levels at which snow
deposits and melts oto. ' : :

If on the other hand, the balloon carrying an F-type radiosonde descends
due to a strong downward current of air, the fan will rotate continuously and
the rate of descent of the balloon due to this downward current cau be esti-
mated from the rate of increase of pressure and temperature. - Venkiteshwaran
and Tilakan(® have analysed the movements of a radiosonde balloon in a thunder
cloud at Poona on 26th April, 1950. During this ascent, the balloon was at first
forced down due to strong downward currents and later due to the acoun ula-
tion of snow. Fig..3 gives the variation of pressure and temperature with time
experienced by this radiosonde, .
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The papet fan ini the F-type meteorograph is geared to a 10 tooth mtaet
WWI which malkes and bresks the H.T. of the radio eingnallér about a thousand
times ditring one ¢ycld-lasting about one minvte. Thede sighals er impnlses
ate sutomatioally recotded diiring the flight ona paper tape meving at & eon~
stant speed. The length of the paper tape for one con iplete cyele of about 1000
impulses is taken as a measure of the rate of rotation of the fan and will be
eotstant if the tate of rotation is uniform. In actual praeties it is, however,
foiind . that the leugth of the rocord for 4 eycle is not eenstant but Vaﬁes :
This lorigth of the record will be less when the fan rotates faster sines the
gycls of slghals is t-ompleffed in a shotter tite and vicé-vérss.

o test whether the ehangﬁs in the rate of retation of the fan are txuly‘ signi- -
ficant and represent actual conditions existing in the atmosphete, two ra, o-
sondes were released with the saine balloon and the recordp s é0mj a,red
test was repeated with two instruments attached to twe diffetent: balloons But
released sunultaneously from the same place. The results of these flignts are
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illustrated in Figs. 4(a) and (). The greatsimilarity in the records of the two
sondes indicate that the variations in the rate of rotation of the fan are associat-
ed with eonditions in the atmosphere. ' o

.. 15 has also been gonerally observed that the rate of rotation of the fan de-
‘ereases when the balloon enters thick Jayers of inversions or appregiably lower
lapse rates. As the behaviour of hydrogen filled balloon can be comsidered
to be similar to that of an ascending volume of a hot .or lighter gas, it should
naturally be expected to rise at a lower rate through regions of low apse rates
or inwersions. The deereaso ju the rate of rotation of the fan when the balloon
pagses through suoh zegions indicates the sensitivity-of the fan to- changes
in the wertigal motion of the balloon. Such variations are not normally op-
saryed by amy other teohnigue. ' T

-

E
o -

N
-

=

b,/

Time ‘alee oare v misares
=
k
]

2
B )
’.1<~’ /} by
T g y
L.

} hess p
4,' /3 ‘i';i Kl: ‘,l g ’

Fatn of refetion of fw & rbimery waTh | meiweet Mate dvtreosng

s, /

MY

k!

BON or RATE or ©F FAN: m TWO INSTRUMENTS LETOFF
WITH. ONE SALLOQN AY POONA.

Fig 4(a)

K
Lt iers | Jrun
+, S L i ‘*>,\,
> S e 2 S
v

oarg-oh egratian o7 N
€OMPARTSGN  OF RATC OF ROTATION OF FAN (N TWD INSTRUMENTS
T OFT SIMULTANTOUSLY WITH TWO  INDEOLNDTNT BALLOONS AT POSNA

Fig 4(b)



AR SO

938 ' OBSERVATIONS OF OLEAR AIR TURBULENCE IN THE ATMOSPHERE

Variation of turbulence with height and its persistence

Pig. 5(a) and 5(b) give a series of curves showing the variation. of tho rate
of rotation of the fan at different levels at Poona (Lat. 18°32'N and Long.
73°51’E) from 11th March 1951 to 18th March, 1951 and over Trivandrum
(Lat. 8°29'N, Long. 76°57" E) from 6th to 10th March 1951. It will be observed
from these that in some regiors there were frequent and large increases in the
rate of rotation of the fan. Its ocourrence in a particular region, its persistence
on a few days and absence later are significant. It seems from these diagrams
that turbulence was a feature in March in this region of the atmosphere between
about 400 and 250 mb. (i.e. between about 10-12 k) at Trivandrum. - There
geems to be another region of turbulence over Trivandrum between 700—600
wb. (3-4-5 km.). Anderson(® has also noticed with th> gustsondes, a region
of turbulence with its waximum at about 11 km. The type of persistence
observed in the gustsonde ascents and their distribution with height over
US.A. are similar to those observed with the f-type radiosonde over India.
Fig. 5(c) shows the curves for both Poona (Lat. 18°32' N, Long. 73°61 E) and
Nagpur (Lat. 21°09’ N; and Long. 79°07' E) for the period 11-3-51 to 17-3-51.
These ascents show a good degree of agreement in the turbulence distribu-
tion. Anderson(® in working out the ccrrelation between turbulence from tae
gustsonde and rawinsonde, is of the view that fairly persistent turbulence
having horizontal dimensions averaging at least 10 to 20 miles can exist.”
The Poona-Nagpur data seem to reveal even a wider distribmition.
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Turbulence at the base and top of tropospheric inversions

An examination of the performance of the fan in some sharp temperature
changes in the atmosphere also showed certain interesting features 8. Fig. (6)
shows a few T-¢ grams for Poona, with the corresponding values of the
rate of rotation of the fan. It will be observed that sharp variations of tempera-
ture are associated with characteristic changes in the rate of rotation of the
fan. In Fig. 6(a), there is a sharp rise in the rate of rotation, immediately above

" the inversion while in Fig. 6(b) and 6(c), the sharp increase is indicated in the
layers immediately below the inversion, in Fig. 6(h), this feature is -observed
in the whole layer of temperature discontinuity. It is interesting to note that
similar features have been noticed with gustsondes in U.8.A. in connection
with the tropospheric inversions. Anderson® has found that regions above
and below inversions are associated with above-normal-turbulence. .

Turbulence in the upper troposphere over Poona

An examination ‘of the fluctuations in the rate of rotation of the fan was
made in the upper troposphere over Poona above the 10 km. level®. In 1954, -
about 32 F-type radiosonde flights reached the tropopause and above. The
maximum height reached by the balloon was 21 km. Seven out of these flights
showed only small or no turbulence above 10 km. When turbulence was observed
it was between 12—15 lem. or between 15—17 km. and they were below tae
level of lowest temperature in the tropopause (Fig. 7(a) and 7(b)). When tur-
bulence is observed in both the regions, they were generally separated by a
distance of 2-3 km. The general depth of the regions of turbulence is only about
1 km. or less, though occasionally it has been 2 km. Their intensity is such as
to cause the rate of rotation of the fan in the 12—17 km. region, to increase to .
values normal in the 6—7-5 km. layer. An examination of the gustsonde data
by Anderson @ at the base and top of the tropopause has not shown any strong.
correlation of the turbulence, though he believes that such a correlation exists.
'The turbulence maximum at about 11 km. is explained by him to be associated
with the base of the jet stream at the primary tropopause over US.A.- . ’
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Turbulence in the Stratosphere

Turbulence bas not been observed with the F-type radiosonde flights in
the stratosphere, mainly because the balloons used were not able to penetrate
to high levels. However, observations made by Arold in USA(9 gnd ana-
lysis of Dines mefeorograph aseents in Indiat!: 1) seam to show that tur-
hulence may be met with even in the stratosphere in the region of about 23
kms.:

Qonclusions : , .

" The F-type radiosende has certain peculiar ‘characteristics, not found in
other instruments, which make it the simplest instrument yet devised for the
‘measurement of turbulence in free air. The general ohservations of 1 rbulence
with this instrument in India agree very -well with those made with the gnst-
sonde in the U.8.A. indicating that the variations in the rate of rotation of the
fan observed during radiosonde-ascents, can reliably be attributed to vertical
accelerations and therefore to-the vertical gust wvelocities in the sough air
affecting both the balloon andthe instrnment. Since the rate «of rotation of the
fan-can be measured easily and since this is dependent only-ontherelative wind
spead in the vertical, we have a simple technique for the .detection, at loast



243 ..

DRFENCE SCIENCE JOURNAL

ﬁwﬁuu\ RAL UIIVE HO NLENTT = . ‘ : L 21242/ 1471 34V S0 PP
FanLVSIWIL ) o L : FHNLVNIINIL =
- o o8 oy W/ o9 ou (] oy " apwany ost . ou [ ] [T L . [ ] o N
%- os- oM J0r  or- %  08- OO 50z- ov- 09~ O8- 0. Jor-  Ov- 09-  ou- “..q
j ¢ . .- : : \ S~y
y / > | $ [ S
.\\\ / N B | 2 / .\\l / I\ .
r Rd * ) .
J : / 3 / i 8 / = &
' g S - ! .M T = Am.w
i | M ® / .M 3 . // ) 3
. A Y ’ x
v D.. M tw - ~—m - 4 -.,.W.
. ! ’ 7
: 5 \,v _\\ :
® T 1] / ™ + 8
»en -8 92 o602
\ oo \ rnoos \A ywoos \
3 ” S : L L..n
- o [ ” oy o o 08 oY [T ost o o8 oy wawy o o [ ] ov
e9- ”- ‘m— .08 o= - o9 - g.m d,02- [ o o9~ 08~ 00~ J, 08~ oy- - .- 3—-’
4 \ | 2 . \V i .
[ 1} : f 1] - 1 1
/ | % | _.
- N 1
11
\ .

A
o T
N _
[ "
SN NI ANNIW

g
.~
~ 1/\ /‘ ~
SN N/ 45"”
//
P
o j’,‘
I
‘SN NI LNV
/ ’

\q N
/
N , / i K r
ﬂ h.,w . ] (2] g T
AL ) , a
P ! - o . ~ - 1 a
AR : R i ' . ove-e2 4 ; ' 1 ose-r
. ooy \ vavey A p "oy |
° : 4 - .uﬂw... : 't ] i 1z

ol




OBSERVATIONS OF CLEAR AIR TURBULENCE IN TAE ATMOSPHERE

%2

. ) R
(@L8w A
37242/ 1avs 4348 20 HLoWNIT ~ = -~ e . _ Zu..u\ avi vievs 0 wimIT === - | i A
FINLVYIINTL e - e o e e e JUNANYIINTL .
‘wwody 091 0 08 Qv : owsw;  Om C O0U 08 Oy www/ 0% 0w 08  o¥-

) 2,02 ot~ 09-  09- 001- v J,0t- ov- 09- o8- 00l- J,02- ov- 09~ o8- o0t~
. - AR : - (v — n = S L
: i . b N,

: N \.\ | .\\.V 4 '
= Ap i } €1 = ‘n.
- i (3] S o ik , - :
. i 7 / ] / P
K 3 . ® K
d 3 ! - /V - ) . M
\ A 5 / ) 4 : :
R Si X e L 1 3
/ N u ) v ~ s\ Ca
»/ - ¢ A . ” N\ ¥
B 1 oa SN . ;V
——— ¥ ) Yr—— § e a1 m
L H " A 3 \.\_ X :
! 4 .
W < ‘ )
. - - i imed 6} ¢ 7 a -5 A Q-
i osor-2 Y, -8 ' s 2\ &
- vwoow \, | e i — e’ \
: ‘ . | 4! -

2 E— 12 ! [}3 T
asmow, 09l O0u - 08 oy ‘e on o cog oy w0 o 08 o www o3 0u 08  OF
500-  ov- 09 oo~ oM. D02 Oy 09 S . dez- ov-  oa-  os-  00L 2.0 0v-" .09-  08- 00~

e t T 1) 0y L o T — il
. 3 i ! i “ Fi
_ ) / 7 . ’ I
/, , ) A( ) M " : / \..‘ ;
{ I d € ) — 3 1
h AN " J
\ + . // ] . 1/ \ 1” / i1 .
! N N ~.
: \.li,.l 2 ! W . / { H /\.\/ 3
B} . ¥ m..w. e k. . * m_w . mnw
\ R N : Nl : AR M ;
/ el . B 2 RS B : i 3
B } N\, g “ ) \, ; L - -~ X
— t.m —X- = al 37 X ‘.._m ! N P : t.m
e . - : ¢ / O g 4 o
P2 - : Psink : \
] 61 - 6t L [ . o
»8-8-12 . »8-6-9° Y " oo R . . -4-9
[ ) ywoes . N L vaows
12 — 2 - 12 "

v



w s . (2 v
" ‘ DEFENCE SCIENCE JOURNAL J 243

qualitanively, of the vertical acceleration dueto turbulence. A statistical ana~-
lysis of the observations for different levels in different seasons at the various.
starione, may be expected to throw more light on the regions.of turhulence in
tke upper air over India. : ’
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