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A New Theory (or Cup Anemometers
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ABSTRACT. The lummary or . tran.liClllt. .nal),.iI of cup anemometer ia presented. It. it .hown that the
flteady etat.c oalibrati0!1 curv~ and the tnLnaient eh.note~tiC8 of enemometera can be ealculated purely from tho
theoretical ~idarahon. ailing the raw data.on the inert:... lta-tio aerodynam io forces on the cups, minimum wind
~PfCd at whlC~b the praoctical .nemome~r ~ma to rotate and any p'1\r~icullU' value of obeeeved speed of rotation
IR the middle of the r&nge of operation. Tho calculated characte nstl al are shown to agree with Lbo published
experimental data (or the British oup generator anemometer.

may imagine an 'effective mass' of air given by
p~ [ CN ( B; ), ] blowing on the cup imparting
this force on It. Then wo may define an effective
area AB; for the cup which would be given by
the preduct A [CN ( B. )) of the actual area and the
normal force coefficient, For a three cup anemo
meter the other two cup. would have effective areas
AB' + 120· and A6• + 210', When we consider
a!1 the threecups together we may write this qua n
tity as p [a; t~ - 2" n; h; IIJ where a; and b;
are given by -

and ; is a suffix to denote a pa rticular orientotion of
the anemometer as indicated by the value of B·
Values of a; IA and b. IA (A being the area of the
face of the cup) have been computed from the dato
of Brevoort and Joyner (1934) for the shape of
the cup used in the British cup gOllerator nnemo
meter. These values are presented in Fig. I. When
the cups are rotating the configuration with
respect to the wind direction is repeated for every
120°, 80 that the average rate at which the mass of
air is intercepted aud the average torque acting on
the anemom-ter may be evaluated. I n an interval
of time in which the cups rotate through 120° at
any speed the change in the speed is within about 5
l"' r cent of II in all practical caBOS, Since" docs not
change much in this interval there is no need to
toke into account the detailed variation. of wind
accelerat ions in the interval. However, the wind
speed remains a continuous var iable oven in this
interval. We may assume that the mean accelera,
t ion of the wind is constant dur ing a rotation of the
cups through 120°. With this assumption, it ma.v
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The wind speed in tho natural atmosphere, near
the ground level, is a random parameter, its ins
tantaneous value being alway. subject to
continuous transient vsriations. Tho anemometers,
on tho other hand, are designed and calibrated
inside a wind tunnel, where particular care and
attention arc paid to keep the wind speed constant
for a 'sufficiently long time' before taking a reading.
A basic question now ariBOS, as to how far are these
two facts mutually compatible, whether the ane
mometers are faithful during their exposure in
natural wind and how far are the calibration rea
dings in the wind tunnel representative 1 The
question has been answered by the writer in a
thesis (Ramachandran 1966), containing a detailed
appli cation of the transient theory formulated for
various anemometers. In this article, a summary
of the theory for the cup anemometers is p"""""
ted.

2. Discussion

When wind blows on a cup of an anemometer at
an angle B; to its normal and if the cups are rototin£
at a speed II; revolut ions per second, air blows on
th e cup at a relative speed given by-

c' = t '. - 2 1T n. R cos B. (1)

where t" is Ihe wind speed, R is the distance of
th e cent re of the cup from the axis of the rotor.
Here we have assumed that one need not take the
vector difference between the velocities. The rate
at which th e air blows on the cup is pAt" grams
per second whore p is the density of air. Since ita
own speed is V; , the force due to this air on the
cup may be writt en as p A [CN( B; ) ] c; v, ,
where CN ( B. ) is the normal force coefficient.
The vaIu... of normal force coefficient for different
shapes and Reynold numbers have been pub
lished by Brevoort and Joyner (1934). Now, one

,,/ = AO; + A.0+ 120·- +A~o"

and b; = AO' COB B. + A B; + 120. 00.

+]2,,°) + A B'+24O" cOS (B. + 2·10°)
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