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ABSTRACT,

The voeflicient of acrodynamic resistance

in the case of the large balloons that are employed

for radiosonde-rawin flights has been worked out here with t.lu help of the radiosonde observations.,

1. Introduetion

Various ways and means have been em-
ployed from time to time by different
workers for determination of the coefficients
of the aerodynamic resistance of spheres
at different Reynolds numbers, lying bevond
the range of wvalidity of Stoke's law. A
nun ber of workers like Eiffel (1912), Maurain
(1913), Prandtl (1914), Constanzi (1914),
Loukianof (1914), Riabonchinsk (1914)
Pannell (1916) and others used the laboratory
wind channel and measured the resistance
offered on a solid body hy air directly
by means of special balances, while Shakes-
pear (1913) dropped small celluloid spheres
from high towers, Lunnon (1926) let steel
spheres fall down in the coal mines and
Richardson (1924) shot steel spheres up in
the air from the gun and they thus found
out the resistance offered by the air.

Experiments were also wade in this line
by means of gas filled rubber balloons,
Cave and Dines (1919), Brazier (1921)
Horiguti (1923), Ludlam (1953) and others
measured the effect of the air resistance
on the rate of ascent of the pilot balloons
riging freely in still or open air. Saha (1956)
employed the teihered balloons as the means
for determinimg the values of the coefficent
of aerodynamic resistance at different Rey-
nolds numbers. Sinha (1938)emiployed the em-
pirical formula that is used for computing the
rate of ascent of the balloons in connection
with the pilot balloon observations and found
out the value of the coefficient of aerodynamic
resistance in the case of the pilot balloons.

In the present note, an attempt is made
to utilise the radiosonde observations for
finding out the coefficient of aerodynamic
resistance of the large balloons that are
employed in radiosonde-rawin work.

2, Expression for aerodynamic resistance

Following Lamb (1932) and Shaw (1942),
the resistance R offered to a hody moving
through air may be expressed as —

= p LA VEf(LV ) (1)
where p is the air density, L a linear dimen-
sion of the body, ¥ the speed of the moving
hody, v the coefficient of kinematic vis-
cosity, f a function of the Reynolds number
LV /v, and f(LV/v) the coefficient of aero-
ﬂymmll( resistance.  In the case of the
spherical body, L is equal to d, the diameter
of the sphere. Thus, the resistance R in
the case of gas filled spherical balloon of
diameter d may be represented by—

R=pd*V2f(dV}y) (2)
Hence, the coefficient of aerodynamie resis-
tance

. R y

Anwongst the parameters on the right
hand side of equation (3), the diameter
can be measured directly and the density
can be worked out from the prevailing
pressure and temperature. The problem
of determination of the coefficient of aero-
dynamic resistance thus reduces mainly to
the determination of the resistance R and
the velocity V.
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3. Resistance in the case of uniformly rising balloon

In the case of the gas filled balloons,
rising uniformly in the air, the resistance
offered by the air to the balloon can be
found ont in terns of the free lift given to
the balloon. Because, when the halloon
moves up with more or less uniform veloeity.,

R=Fg (1)

where, R is the resistance, F the free lift
and g the acceleration due to gravity.

4, Expression for the coeflicient of aerodynamic resis-
tance in the case of uniformly rising balloon

On substituting the value of R i the case
of wniformly rising halloon from equation
(4) in equation (3), the coefficient of the
aerodynamie resistance K is given by —

K~ Fgpd T2 @

5, Vertical velocity (1") of the balloon from radiosonde

data

The vertical velocity of the rising radio-
sonde-rawin balloons may he worked ouf
from the rvadiosonde data. Heights of the
rising balloon at different times are obtainable
from the pressure and temperature data
of the radiosonde record, and from the
height-time graph of the balloons, thus
constituted, the vertical velocity of the
balloon may be obtained,

6. Experimental data

the wvalue of the coefficient

';".tl_ill-

To obtain
of aerodynawmic resistance from the
sonde observations, some measurements were
made in respect of the diameters of the gas
filled radiosonde-rawin balleons and  the
corresponding effective free lifts were noted.
The vertical velocity of the balloon was
worked out from the height-time graph
of the balloon from the radiosonde record,
The density of the a'r was caleulated from

the pressure and temperature records of

halloons  are

the radiosonde flight. The
generally observed to atfain more or less
uniform velocity within a short while after
their release. Because of this reason, and

also to avoid the complication that may
arise due to the use of the radiosonde records
of the high levels as the diameter of the
balloon that takes part in the calculation
of the ccefficient of aerodynamic resistance,
may change to a considerable extent at
areat heights, the records of the radiosonde
for the lower levels were utilised for getting
the vertical velocity of the balloon and the
density of air so that they might fairly well
correspond  to the measured diameter of
the balloon. The vertical velocity of the
halloon was obtained by averaging the values
for the first five minutes of the ascent,
and the pressure and temperature corres-
ponding to about the middle of this period
were used  for caleulating  the density.
Tgnoring the small effect of the vapour
pressure, the density of the air was calculated
from the standard relationship g=348-1 P/T,
where P and 7 are air pressure (mb)
and air temperature (°A) respectively. The
value of the coefficient of aerodynamic
resistance was then calenlated with the help
of equation (5). The resistance of the
attachment has, however, not been talen
into account.

The relevant experimental data and the
values of T, calculated by the above method,
are shown in Table 1.

7. Results

The average value of the coefficient of
acrodynamic resistance, as evaluated in
Tahle 1, cones out to he about 12 . In
the case of rising balloons, the upper limit
of the Reynolds number for which the
coefficient of the aerodynamic resistance
has been determined experimentally earlier
was upto the Reynolds number 4x 103,
It is seen from Table 1 that the Reynolds
numbers, for which the values of the coeffi-
cient of the aerodynamic resistance have been
determined by utilising the radiosonde-
rawin balloons and the radiosonde observa-
tions, are quite high and much higher than
those worked out earlier in the case of the
rizing balloons from pilot balloon flights.
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TABLE 1
Dia- Effec- Rate of Pres- Temp- Calcu- Kine- Rey- Coeffi-
Balloon meter tive ascent  sure erature lated matie nolds cient of
type of freelift from at3rd at3rd air viscosity num. aero-
inflated radio- min,of min.of  density ber dynamiao
balloon sonde ascent  ascent resise
record tance
averaged
for first
5 min.
(em) (gm) (em/fsec) (mb) (°F) (gm/cc)  (em®scesl)
NR 8756 217 2200 ni4 74 72 001032 156 8-3x 108 13
NR 875 213 2310 630 861 63 -001033 +153 8T 10k 12
NR 875 217 2360 610 865 68 (01029 155 8:6x 108 13
NR 875 219 2350 599 873 65 <001045 +153 86108 +13
NR 875 213 2435 721 840 61 001012 152 10:1 < 1G8 <10
NR 875 215 2500 711 851 67 001014 <155 -9 108 -10
Beritex (500) 202 1890 605 873 68 +001038 155 T-9x 108 <12
Beritex (500) 206 1900 635 861 63 <001033 *153 8-5x 108 «11
Beritex (500) 203 1890 610 870 73 001025 158 7-8% 108 12

8. The value of the coefficient of aerodynamic resistance
by the present method and its comparison with those
obtained by other methods

The curves showing the wvalues of the
coefficient of aerodynamic resistance, ob-
tained from tethered balloons bv Saha,
from pilot balloon observations of Brazier,
Horiguti ete, and by Bairstow (1913) using
the experimental results of Fiffel and
Shakespear and by Pannell are reproduced
in Fig. 1.

It would be seen that the values of the
coefficient of the aerodynamic resistance
obtained by different methods are different.
The results of the different methods, however,
show a general agrcement to the effect
that the coefficient of the aerodynamic
resistance decreases with increasing Reynolds
numbers upto a certain limit and it remains
practically constant after that limit. As
gseen from the curves in Fig. 1, the constant
value of the coefficient of the aerodynamic
resistance after the limiting Reynolds num-
ber is about -17 in the case of the curve

obtained by pilot balloons, :07 by tethered
balloons, *11 according to the curve by
Pannell and -06 from the curve by Bair-
stow.,

The difference in the values of the co-
efficient of aerodynamic resistance obtained
by different methods may to some extent
be attributable to the changes in the shape
of the balloons under different exposure
conditions. Whereas the solid sphere suffers
from no deformation in the shape due to
the air resistance, certain deformation occurs
in the case of the balloons depending upon
the nature of the exposure. Rising balloons,
without any attachments, are flattened
at the top by air pressure whereas the
tethered balloons take up somewhat conical
shape on the side facing the winds with
spherical shape in the rear. The effect
of attachment on balloon shape would be
to a certain extent like tethering and the
shape of the balloon with attachment may
thus be in between that of the rising balloon
without attachment and the tethered balloon,
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06 —T—T 71T T 7T T1T"——— number, obtained in the case of the large
L | radiesonde-rawin halloons from the radio-
I gonde ohservationg I8 n "1‘"\".“- between the
~— - corresponding  values  from  the curves
—— — obtained by pilot balloons and tethered
=t H ] __-,‘ 1\:‘”1‘('““. .
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