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Analogue simulation of anemometers*
S. RAMACIL\NDRANt
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(Received 20 J uly 19(6)

.\ IlST It ACl'. The fliff."f'{'ntlal eq uetton fur cup And vene enemo meteea was !let. up on eaalogue eom putera and
Ihl' f'("II~m!lt'fl Iff t ln- inar rumeute st ud ied ror 8iuulWlidai &1111 random l ypt'll of wind speed variation . T he Cff~t8 IIf
hoth 8lnt i(' a nd dynamic friction ha ve bee n taken iutu aceouut . Tho r-u!ts sho w a le rgc cX&ggt'r...ti un of moon
illitiCl\h-c1 wind ~. a large ertenuauou in the gll~t e mptitudes a nd a distortion in gUlSt shapes.

I . Introducllon

TlIC diffurontial equation ropresent ing the res..
ponse of cup and vnno anemometers to wind can
he written B!i :

2nl (d"/r1I) +R." +s, = Dv2-0"" (1)
wl..re " = "1'0,,1 nf rota t ion, " tho wind , po"d
ai ul I), O. I , B. a"dll. are constants (nnrMllhnn­
dreu IOn6).

Th is oquntion roproscnts a non-Iinonr physical
system. Th is equa tion does not leod to n form of
solution for 1t in ter ms of v, where d ifferent ox­
pression» for v can ho substituted in order to obtain
th o corresponding expressions for n.

Tho d ifficult )· in oht"ining an analyt ical solu­
tion for the response of an anemometer to d iff­
orent fluctuat ing patt erns of wind speed (~aJL be
overcome, by the usc of 11.1\ analogue computer.
The rlifTt-rNltia l equa tion is set up on the computer
awl the input variabl«, obtained from a function
gNlt~rntor" is made tn simulate any a.ssumod pat ­
f.l 'rn of wind Spf'Cf'l. TlI~ out put variable would
then represent tho spr'ed of rota t ion or, h)" an
appropr iat« . ("a lf-, tho ind iea ted wind speed, tho
FOealn ht1ing' tho same a ... that obtained during tho
cnl ibrat ion of the instrument inside th o wind
tu nnel, The constants of the d ifferential equa­
tion can he varied a t will, either to study the var­
ious tlu...ign pa rameters or to study tho beha viour
of different types of actual instruments. Both
tho input signal and output response can be r....
corded either on an X Y recorder by repeated
simulation, if tIm input pattern anti t.ho eondi­
tions call he exactl y repoduced at will, or on 11
t wo-channel recorde r, if the input pattern is a
rnndom lol igllal ropresontillg the natural wind
"p"('(!.

Tho ~olut ion ropros<.'.JltR the t.rue ro,l;JpOlum of

nnemometcrs. On the basis of linear inte rprota­
tion of calibration curves, this response ifl in­
torpreted as the true wind speed. Now a compa­
rison between the real wind speod (inpu t) and the
indicated wind '1'0011 (output) reveals the follow­
ing characteristics -

(i) Tho steady state calibration curve
of th e anemom eter don,., not remnin
valid for random fluctuat ions of wind
speed ,

(ii) Tho anemornotors suppress cOII ..idera­
bly tho gustiness structure,

(ii I) There is n large exaggeration in the
moan indicated wind speed and

(iv) The concepts of distance constants
and tho timo constants and the physi­
cal meanings u..unlly attached to t lle..se
concept are not t rue in natural ai r.

2. Methodused

Tho fnllowing experiments were couducted i ­

(,,) The anemometer W:.- assumed to he
frict ionle.. and the wind speed pattern to
he either a grow inp or steady s ine wave,

(b) The anemomete r IV,," assumed to he
frictionless and the wind speed to vary
nt random and

(c) An actual anemometer with frict ion was
simulated with random wind speod.

a ResUlt.

The results are summarised below.

3 .I . Sine,oave respons«Of" f ridirm'fR.' """",O,,,,ItT

'Vhen all anemometor iR a!\."\umocl rricti()lll o iJ~ ,

tho cIllL,I"nts Bo all,1 B. in Eq. (I ) h""olllo "" ro, ~o .
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