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The aerodynamic resistance of tethered balloons*
Flt .-Lt. K. R. SAHA

I ndian A ir Force Stoiion, A lllbala

(Receired 1-1 .lIare" 19,)5)

AH';TR1C r. VitU"" of t'r c c »e'fi eient of a-r» iva r-nic r~i j,t1.nc3 of tetll~r~ I b ill- rms 3Im'l~t epheelcal
in shape, cxp-eed to t h", natural winri,. are presented. ~h('sc are oo~p!lred with th~ tt"!lul~ of experiments o!"
Jol phl'rM cond ucted ill th e la bor uto rv wind ch annel and Ul t he ope n air and also With the res ults of expert
men te with pilu Inll'lOn" r j,,j ll!! (r(,flly in t he o pen or st ill a ir . 'I 'ln- re~j.+t.'mC6 eo-e fficien t of tethered balloon s
iKfound In dccn-a-o- ",lI ltr,,"- with increasing H.'_·)·lllld~ numbers t,o a value o f about O·:!! at Rey nolds
num ber 0 ·8 X I l ~ . then ..I~wly t 'l sh )ul l)·Uj,j at R ~yn ,ldi number .a ·Ox If )l , finally levell ing out to Il more
or Il~'S eon..t.3.nt va lue ..ft, ·Ot). at Reyn 11iI ~ number ;j ·O X l uv end bey ond . Tho nature of the cu rve ilt
studied in HIJ IUC det .dl und V IHiLIf' inaccuracies fNIUexcessive Bir turbulence, I"ck. of aphericity and Dt"glcct.
of effect du e t tl the weight and aero.Iynamlc rc.ii~t:lIloe of the t hrea d are di-cu-ced.

1. Introduction

The aerodynamic resista nce of spheres at
Reynolds numbers which lie beyond tho
range of val.dity of the Stokes' law has
been invnst igat ctl up on a t, various times by
different workers using di fferent methods.
Among the early workers who ut ilised the
labora tory wind cha nnel for the purpose
were Eiflel ( 19 1~ ) , )!lltlraill (19 1:1), I'rancltl
(1914), Constu nz i (l HII) , Loukiauof (1914),
R iabouchinsky ( I~ ) I-I " Pllnnell (un fj) und
others. All t.hese workers employed spec'nl
balances to measure th e force exerted Oil

the model by t he wind a t variou s Revuolds
numbers. One of t he most rellu;rkab lo
observations of t ht '~~ early laboratory ex
per iments was t hat (depend ing upon t he state
of turbulence of th e a irflow rpproachin g
the rnodd ) th-re occurred a cr :t :c,}1 vnla e of
the Revnolds number bevond which the
co·cffici~ ll t of t he aerodyna m.c resistance
decreased rapidl y .

Experiments were 0.150 conducted with
spheres moving throug-h the natural air.
The earli.., t in thi s field was Shnkespeur
(1913) who measured t he resistance offered
bv air to the free fall of sma ll celluloid sphores
r;loased from high towers, The diameter of
the large st sphe re used by him was j. 5 em.

Shakespenr's experiments were conducted
in a range of very low Reynolds numbers and
he found that in this range th e co-efficient
of ae rodynamic resistan ce increased with
Rcvnolds numbers, Pannell (191fi) carried
out experiments ill natural wind with a
wooden ball of diameter O'[) ft and m..-asured
the force on the sphere by lL'iing a specially
const ructed balance.

R ichardson (1924) measured tho aero
dynam ic resistance of small steel spheres
by shooting them upward from a gun at a
slight t ilt from the vertical ill order that a
measured wind dis tribution might bring it
hack to th e guu. Lunnon (19~fj) U!ICel ac
curate stee l spheres and dropped them in
air down coa l mines.

A group of workers (Cave and Dines
1919, Bra zior 19~1 , Horigu t i ! 923, anel
ot hers) car ried out exper iments on India
rub ber pilot ba lloons r ising freely in sti ll or
open air. Th e effect of a ir resistance on the
rate of ascent of th ese balloons was measured.
It was found as a result of t hese experi
ments that. the co-efficie nts of asrodynamic
resistan ce of balloons rising in th e air were
ma rkedly higher than those obta ined in
laboratory channels for spheres throughout
tho ent ire range of Reynolds numbers in

• Th o mater ial ofthill paper is taken from a Doctoral dis"('rfati oll submitted to til n University of Ql,lcutt"
in Xovem bcr 10;)4-.
























