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Firid testing ot water pumping
windmilles i an important part of CWD's
activities. Measurements are performed by
mears of Apple J1 computers and
therparter elabeorated by means ot the
same caomputers, using software developed
by the Wing Energy Group. This article
discusses some aspecits related to the
hysteresis behaviour of windmills driving

. piston pumps.

The behaviour of a windmill in the
hysteresis region deperfds on the history
of the wind speed. Therefore the averaage
curves measured according to the
generally accepted 1EA recommendations
depend on the frequency distribution ana
time history of the wind speed during the
measurements. (he [EA practjces were
conceived to provide a means Of measuring
output curves 111 a reprodicible way. The
underlying aszumption is that an output
curve is a charatter'istic of a wind
machine, valid at any site, in any wing
regime. As indicated above, this is not
the case for windmills driving piston
pumps, or for that matter for any wind
machine, having hysteresis behaviour. Two
examples are presented of output curves,
measured for one machine at one site
under different wind conditions. Con-
siderable differences were found. Annual
water outputs calculated an the basis of
the two curves can differ as much as a
factor of two!

Procedures for output prediction of
water pumping windmills will have to
involve three steps instead of two. The
praocedure must start by determining an
output curve, including hysteresis :
effect, which only depends on character—
istics of the wind machine. Subsequently
the curve must be converted into a simple
but site specific curve by means of °
probabilities derived from the site’'s
wind speed frequency distribution. The
third step is the conventioral multi-
piication and integration of output curve
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Technical University Eindhoven,
The Nether |ands
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and frequency distribution. A simple
theoretical model has been developead
including these three steps. Procecures
for field measurements based on thae
concept will need to be developed.

List of svmbols

2

A rotor area rm
Cg eneray production coefficient (=)
Cp, power coefficient (=)
€z torque coefficient =)
D diameter ’ (m)
E eneragy [Q 3]
K Weibull shape factor . (-)
N number (=)
[ power (W)

probability (=)
(4] probability of running in

hysteresis reagion (=)
p’ idem, including wind speed

variations within 10 minutes =)
qQ pumping rate (1/3)
T time (s)
Vv wind speed (m/s)
v relative wind speed in

hysteresis region (=)

(V—Vstcp)/(vsturt_vstop)
L] efficiency (-)
A tip speed ratio (=)
) air density (1.2 kg/m’)
Subscripts '

d design, i.e. the point for which
Cpn reaches its maximum
max maximum

1. INTRODUCTION

CWD (Consultancy Services Wind
Energy Developing Countries) is an
organization initialized and funded by
the Netherlands  Ministry of Development
Cooperation. It aims to belp governments,
institutes and private parties in the
Third World in their efforts to use wino
energy and in general to promote the
interest for wind energy in developing
countries. The emphasis of the activities
o¢ CWD is on water pumping windmills,
coupled to single acting piston pumps.
Participants of CWD are DHV Consulting
Engineers (Amersfoort), Eindhoven
Unj versity ot technology, lwente
iiniversity ot lechnolcgy and ILRI,
Institute of |.and Kec)amation and
Improvement (Wageningen).
CWD-designed water pumpers are 1in
opmratiocn it Sri Lanka, Pakistan,
Tanzanrnia, Motambirgque, Sudan, Mauretaraa,
Tunesia, Feru, Cape Verde anc Ghana.
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ang endurance teste (to tnow the
maintenance and repalr regqulreins )3
only fully developed windmille are testen
there. See figure 1.
Three commerciallv available winomiiiz
have been tested: DASIS (2 m. dJiameter.
manufactured 1n Framce), FIASA (I m..
Argentina), Southern Cross (5.0 m. .
Australia). Anonther seri1es of tests oo
three commercial windm:lls started
recently: BOWJON (2.3%6 m., driving an air
compressor, and air lift pump, USA),
LUBING (1.5%0 m., W. Germany), and
DEMPSTER (8.3 m., USA!, Siso 2 Ui LOwo
(2 m.) was installed for erdurance tests.
Tre \riezenveen testfield is meant -
tunctinonal tests ard outpur per+ormance
measurements or Grotot/oces deveicpec by
the thinamill Group of [H. The WD SO
(the number refers to the roto- diameter
in mm) has been testeq there in & version
with a deepwell pump and one with a low
lift/hi1gh volume gpump. A rewl s designed 4
m." diameter prototvpe is being testec.
The Eindhoven testfield (figure ) is
meant for:
~ functional testinrg of protctvoes
~ perfarmance tezting of praototypes
~ special measurements (lite short tern
measurements, measurements of strecsszes
and forces)
~ field testing of innovative concepte
-~ development and testing of monitor:ing
systems.
- anemaometer tests

0

Test site at the Technical
University Eindhoven

Iin this article special attention 1<
tn output performance measurements +or
mechanical water pumping windmills., &«
epecific problem will be presented, which
e the presence of a large hysteres:s
1nacp 1n the start/stop region of the
outout curve, The consequences for outp:
predictions will be shown.

Z. SYQARTING AND STOFFING; HYSTEREGIS
EEHAVINDKR OF WINDMILLS DRIVINEG PISED
FUMF S

Mechanical windmills driving eciston
pumns have a rather peculiar starting
behavicur, which 15 gquite different from
wind electric generators.

‘The special behaviour 15 due tc the
characteristic of the load.
A piston pump requires a torque whict 15
irn first approximation i1ndependent c+ *he
cepeed of operation. The torgue is
determined by the stroke length anc biv
the water nressure on the piston, and
ornly increases slightly at high speeds
due to pressure losses 1n the valves anc
p1DES.
Mor eover , the torque i1s cyclic: during
the upward strolke the piston has to 11t
the water ., 'reuwiring a large torque.
during the downward stroke the torque 1s
practicallv cero. The maximum torque
durina one cvcle 1s n times the average
toraque.

Starting +rom stand still i1n such &

‘s1tuation 1 quite difficult for a wird

machine:

In order to start the load, a high toraque

ie reatired., In order to 114t the piston

for the tirst time, the maximum torque 1s

needed (n times the average).

The windmill blaoes are i1n stall. anog the

toroue available from the windmiil 1s

relativelv low.

This males that the wind speed at whaich

the windmili starts from stand stil{ ics

relatively hiagh: V_ ..,
Qnce runnina. the situstion becomes

much more favourable.

The cyclic character of the loag nas o

intluence any more due to the iarce

inertia cof the windmill rotor. Qnl+ the

average torgue e needea.

The winomili blaoes wordk in their normal

range of operation. 1.e, 1n i+t

+.
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Due ©o th, s start-eton behavicur ane
will f:no a hveteres;:s 26p 10 the output
curve as indizated 1n fiqures I ano 4,
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Fig., 4 Hysteresis loop in Cp9n curve

Figure 3 presents an output per formance
curve as pumping rate versus wind speed,
which is, of course, equivalent to a
power curve, i.e. hydraulic power versus
wind speed. Figure 4 presents the same
information in a format which is more
convenient for comparison of different
machines: Cp,0-V curve, the overall power
coefficient as a function of wind speed.

A detailed analysis of start and
stop wind speeds for different types of
windmills was presented in May 1986 at a
conference in London, U.K., see reference
3. Measured and calculated values for N
Vetop and VY g0t proved to be in
reasonable agreement. Here some more
emphasis will be put on the curves as a
whole, and hence on output.

As a reference for measurements and
for general output predictions, it is
useful to have a general expression for
the output curve, or - which is
equivalent - for the Cpf curve. The
overall shape of the curves can be
derived rather easily, when making some
assumptions (see also ref. 1).

A central role in the deravation is
plaved bv the value of various guantities
at the design wind speed V,, 1.e. the
wind speed for which the overall power
coefficiant Cpn reaches its maximum, see
alsco figure 4. Thev are 1ndicatec bv an

1nter O.

Y 1o Lm0 that Lro wrodmet o O S
character et %Wy A l1near Lere.e - woees
refatice.shil (1.2, OnCe ruwarng SELCOT
the recion ot stalll:

C, = L&J‘>m;< S At/ Ngge T Yao (B

The pumn 15 assumed to gemand a corstart
torque for all speeds, including the
design wind speed. therefore the windmi il
will deliver 3 constant tarque at ail
points of operation:

c. v2 = ¢ w2 €y
« v “, "d -
From these two eguations one finds A as a
function of V, Substituting the result
into the first equation, and using the
funcamentail refationship Cp = *» C,, one

‘finde an exnression for C, as a function

of V:

v ?
C ‘a A.II

2 2
CP.'X Y Xg v Aaex

Assuming a constant efficiency for the
pump, expression 3 also represents the
shape of the C,f curve (see fig. 4). 0Of
course, it-.can easily be converted into a
P(Vicurve. For a windmill-piston pump
system the point at which Cpf is maximum
is sharply defined, since the locus of
maximum power points in the torgue-speed
characteristic of a windmil 18 a seconag
order curve, whereas the torque
characteristic of a piston pump is
basically a horizontal line. The point of
intersection corresponds to the design
wind speed V4.

Expression 3 describes the upper
branch of the hysteresis loop (see
figures 3 and 4). It is similar for a
wide range of mechanical water pumping
windmills. Dnly the values of start and
stop wind speeds are different for
different types of windmills.

. FIELD MEASUREMENTS OF OUTPUT CURVES
WITH HYSTERESIS LOOP

In this section some problems of
field mecasurements are presented which
are caused by the hysteresis effect. This
is done on the basis of measurements
performed at the Almere test facility for
the Argentina manufactured FIASA wind-
mill. -
The FIASA is a typical example of a
classical “American® windmill. The rotor
ics 3.06 m. in diameter (about 10°) and
has 18 blades. It is‘'back geared
(1:3.29). During the test it was driving
a piston pump (diameter .101 @. and
stroke .243 m. This configuration was
speci fied by the manufacturer. This
corresponds to a design wind speed Vo of
2.5 m/s.
A complete report of the tests and
measurements is avallable, see reference
4. Some of the results were already
published at a conference in London,
reterence 2.
Complete and reliable measurements were
performed in the period October , November
1985. The measurements were performed
according to the recammendations af the
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When performing 18 minutes average
measurements according to the IlER
recommendations, the results in the
hysteresis region will be some average G+
the upper and lower branch of the
hvsteresis loop (see tiqure 4). Sometimes
the windmill 18 running (upper branch),
and sometimes it 1s standing strll (lower
branch). For this reaion one expects to
find average values below the theoretical
curve, as well as a considerable spread
in the measurements: a large standard
deviation. This was indeed the case ags
can be seen 1n figure 5.
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Fig. Sa Wind speed freguency distraibution

Average wxnd speed 5.8 m/s

Fig. Sb Cp# curve
Crosses:
Drawn curve:
Dotted curve:

Fig.-S Results ol measurements oi FXASA
windmill October-November 198%,
4143 measurements (ret. 4

measurements
theory (3)
correction ()

Fxgure Sa shows the 6requencv
distribution of the wind speed during the
measuring period, which will prove to be
an important reference.

Figure Sb shows the measured Cgy curve as
crosses.
an average value, the length of the
crosses corresponds to the standard
deviation. The drawn curve corresponds to
the theoretical Cef® relationship derived
above (equation 3). The dotted curve
corresponds to a correction which will be
presented in section 4 of this articie
tequation S). In the hysteresis region
between V ., and V , .., (2 and 4 a/s
respectively§ one sees that the measured
values are far lower than predicted by
the simple theoretical formula (3Z). As

eupected, a large standard deviation is
found 1n this region.

Eelow 2 m/s one
finds some low. but non zerc values for
C?ﬁ. This is gdue to wing speed variations
within 18 minutes. Even in a 1.5 m/s

The centre of a craoss represents

WITi . ©6LE Wi L T

2OME DMl LR Wl

wind sreed c.oer 2@ m. s,
Setwien 4 xnd P BT tne neazir et s
corncice very weli witi: the theor .. a¢
high wr1nag sceeds *he measiireg valuee are
lower due to the satetv svetemn which
limits the nutpur.
.2 Reproducibiiltv_of output cirvves

As 1ndicaten before, a winami i -ci.nn

svstem mav operate eirther in the upper.
or in the lower branch of the C_» curve
(4igure 4). What exactly happens depenocs
on the history: Dnce the windmill s
running it will continue doing so whern )t
enters the hysteresis region. Once
standing still, 3t will remain standino
still when entering the hysteresis
region. Therefore, the probabilaity of
either situation depends on the wind
speed distribution. In a period of strona
winds the windmill will be running most
of the time and the system will follow
more often the upper branch of the
hysteresis loop than the lower one.
period of weak winds the opposite is
expected.

In order to verify this, two different
data series were chosen from the tota!
data base on which figure S was based.
One series was chosen so as to have
mainly high wind speeds. Another one was
chosen so as to have mostly low wind
speeds. For these two series, graphs were
made of frequency distribution, ano pouwer
coefficient, see figures & and 7. It 1s
to be noted that the full data series
were used, no selection of data was
practised, except for selection of wind
direction as recommended by IEA.

In a

9 0 N

Results of measurements of F1ASA
windgmill November 1 until
November 4, 1985, 279 measure-—
ments. High wind speeds prevail,
average wind speed 4.6 m/s

Drawn curve: th2oretical C.r
curve, formulia ()

Dottec curve: correction
according o ()
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Fit. 7 Results of measuremenrts of FInta
windmill QOctober 17 unti!
Uctober 21. 1985, 194 measire-
ments. t.ow wind speede preval) .
average wing speed 2.8 m/s
Drawn curve: theoretical: Cpn
curve (3) .

Dotted curve: correction
accordinag to (%)
Indeed, the two curves of figure 6

and 7 are quite diftferent. For the first
series, having mostly high wind speeds

the measured values approximate closely
the =imple theoretical relationship (3},

It is concluded that, following the
recommendations of IEA, completely
different Cn) curves can be obtained for
one and the same wind machine. This
procedure of measuring output curves does
not yield reproducible results if the
output curve has a hysteresis loop!

In order to judge how seriously this
affects output predictions, yearly
average outputs were calculated, both on
the basis of the measurements of figure &
and of figure 7. Especially for low
average wind speeds, in which water
pumping windmills are often applied,
large differences were found: 50% to
1907, see reference X.

very

3.2 Distribution _of observations within
a bin

Because of the large standaro
deviations of the C.f measurements in the
hysteresis region, it seems of interest
to study in more detail which values have
occurred, and with what frequency.
Figure 8 shows two distributions of
observations in typical bins: one within
the hysteres:is region (2.5 to I m/s}), and
one outside the hvsteresis region (5.5 to
6 m/s). The figure was derived from the
same series. of measurements as figure S.
The difference between the two bins is
quite clear. 1lncside the hysteresis reaion
one finds a wide variety of values,
ranging from ¥ to 4@%. Outside the
hysteresis region one finas a
distribiution, which is nicelv centered
around one well detined value.
Figure % shows the influence of the wing
regime on the gistrabution of Ugn vaiues
inzide the hysteresis region (again for
the 2.5 to T a/s bin). Figqure %o refers
to a period of hi1ah wingd speecs (same
period as fiqure &), figure 9b toc a
pericd of low winds (same as figure 7',

Bin_25< V<30 mk

30} N
20

10

10
Sa Bin of 2.5 to 2.0 m/s

Bin: $.5<V<éOmls

Fig.

-N-R-R-N-R-R-J

8b Bin ot 5.5 to 6.8 m/s

01 2 3 45 61786 9 VN 2N

Fig.

8 Distribution of measured C,n
values within one bin
Measurements of FIASA windmill
October~November 198%5

Fig.
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9a High wind speeds, &ame period
as fig. &

Bir 25 <V <30 ak
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Fig. 9b Lou uind sﬁee&;, saﬁé pe?ibd
as fig. 7

Distribution of measured C,n
values within a bin in the
hysteresis region (2.5 to
3.8 m/s)

Fig. 9

Basically, the two figures show again the
same range of values, but the frequencies
have shifted. In the period of low wind
speeds (figure Qa) one finds only C,9
values close to zero. For high wind
speeds, one finds higher values.

These results again confirm to the
remar ks made earlier concerning the
probability of pumping in the hysteresis
region. It is to be noted that one does
not only find Cp.% values corresponding to
the upper and lower branch of the
hysteresis lJoop (see figure 4). but one
finds instead a whole range of
intermediate values. This 15 due to
variations of the wind within the 10
minutes averaging period used for the
measurements: The windmil! mav run $or a



tew minutes (Lpper branth: ane ntarg
still durinmg the remainder ci the ¢
minutes period. resulting 1n zome
intermediate 1@ minrutes average.

From tigures & and % 1t wmav he
concluded that 3+t does not mare mucnh
sense to take a simple arithmatic mear of
all observations 1n a bin within the
hysteresis region. Doinag this, would not
result in a unigue Cpn—V relationship. If
high wind speeds prevail, the fr eguencyv
distribution of observations is distorted
in favour of high Cp% values. and a high
average value woulo be found. 1f low wing
speeds prevail one would find a low
average value.

4. CONSEQUENCES FUKR OUTPUT PREDICTION

The total enerav output of a wind
machine over a longer period of time
depends both on characteristics of the
wind machine, and the site where it is
installed. It is usual to separate the
wind machine s characteristics and the
site characteristics in the following
way:
~ Output curve of the wind machine, the

relationship between power output of
the machine and wind speed. This is
assumed to be a unique characteristac
of a given wind machine (with loag),
independent of site characteristics.
universally applicable.

- Wind speed frequency distribution,
summarizing information on the wind
regime of a certain site.

The 1EA recommendations for output

performance testing (reference 2) are

based on this concept. They describe how

to measure an output curve during a

relatively short period of time. Total

output at a certain site is to be
calculated by "multiplving" the output
curve, and the frequency distribution,

i.e. multiplying corresponding points and

integrating the result.

For long it has been attempted to
conceive aof output prediction models for
water pumping windmills along the same
lines. However, problems occurred with
respect to the calculation of an
unambiguous probability of pumping in the
hysteresis region, which was needed to
determine a unique ocutput curve in this
region.

On the basis of the experience with

output measurements presented above, the

solution to the problem has become quife

obvious: one must leave the concept of a

unique output curve, which would be

generally applicable for any site.

Instead, a three step procedure will be

required for the calculation of total

output of a water pumping windmill:

- An output curve is determined
including the two branches of the
hysteresis loop. A theoretical model
to do this can be rather simple (see
section 1| of this paper). A measuring
procedure will be more complicated and
is being developed.

- Using the actual wind speed {reauency
distraibution of a certain site one
calculates the probability of oumping
in the hvsteresis reaion and corrects
the output to find a curve which a5
valid for this particular site onlv.

The f,rst tazt

tz tT &3LAD.

SUARDING i e

porohasiitviy of
recior. Urce 15 the hvsterec. s s
mueEt a0 bacik 1 time untai fimOr

speed ocutsioe the hvsteresis ~egion. [
this wird speed hapoens to be ‘nigher t-:r
V.,earqr: the winamill 1s runming ali trs
time; 1f it hapnens to be less thar
Vieaps the-windmill is standing stiii.
Writing the prohability of a wind cceen
greater than V;,,,.. 85 P(VOV_ ..’ ano
writing the probab:ility ot a wind speec
outside af the hysteresis region as

FPUON aane) 4 PLVAY, 1 ,,0, ONE may express
the orobabilaity of the windmill rirninag
as follows:_ -

PVOV, sony)
p = (4)

POV ane) '+ PIVCV o)

The probabilities P can be simplv
calculated from measured wind speed
frequency distributions or estimated from
assumed Weibull distributions.

The probability expressed by (4) is
constant throughout the hysteresis
region. Applying this factor as a
correction, would result in a rather
strange output curve, with a steep step
at VYV ,4r¢- Also, a constant probability
is not very realistic.

The probabilities defined above refer to
12 minutes average wind speeds, whereas a
windmill will react on a much shcorter
time scale: it may start or stop due to a
gust or a lull of a few seconds onlv.
For a 1@ minutes average wind speed just
below V. ,,., the probability of running
must be practically unityg within the t@
minutes one will soon observe a gust
above Vi ,..¢¢ the windmill starts and
keeps on running. For a wind speed just
above VY .., the probability of running
will be practically zero for a similar
reason.

hhalyzing this process would be very
complicated. For the tiee being, as a
first guess, simple linear relationships
are assumed. At V ,,. a probability of
zero is assumed, in the middle between
Vicop @N0 VYV, eqrne @ Probability egual to p
(see above), at V (... & probability of
1. In between the probability is assumed
to vary linearly with wind speed,
summarizing:

V_Vstop

v<@ p =@ with v =

Vstar(—vxgop
1
0<v<; p'=2vp
V=:- p’-p S5
2
! 1
=il P =2(1-vIp + 2(v="/1))
2
vy p'=1

This correction has been indicated with

dotted. lines in figures S, &, and 7. The

probabilitiec were derived from the

measured distribution. It corresponds

reasorably well to the measurements.
Now, it 18 also possible to
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The results can te
prezented 1n a peneral format bv
an energv orcouction coefrficient, which
1s the ratic pf energv produced ard &
reference energv:

1t1u;1;aﬂ;an
'd;shrxbut.on.
Jefiring

(&)

2 &~ R V3 CpPaax !

This coetficient wil! be a function of
the ratio of the design wind speed ot the
windmill and the average wind speed at
the site of installation: V4/V.

Figure 18 shows some results.

1D Energy production coefficient as
a function of design wind speed
average wind speed

Fig.

Drawn curves:
presented here
Dots: results o4 measurements,
see table below

theoretical model

Df course, important parameters are start
and stop wind speeds. Figure 1@ shows as
an upper limit the integration of the
complete Cpn” curve, i.e. assuming that
the w:ndmxll is always running in the
hysteresis region. Three more curves are
indicated which are believed to be
typical for three classes of windmills:
classical “"American” windmills with and
without balancing of the pump rod weight,
and windmills having a starting nozzle in
the pump and a balanced pump rod (like
the CWD designs). For the start and stop
wind speeds, values were assumed as
indicated in figure 18. These values were
derived from earlier work, see reference
3.

© Some more assumptions, of minor
importance were necessary. for calculat:ng
the graphs. The shape factor of the
Weibull distribution was taken to be 2, a
usual value. The parameter Xg.,./)y. s€P
expression(3). was taken to be 1.B, a
usual value (except for V<V,, where a
value of 2 was taken, since otherwise the
maximum of C,7 would not occur at Vy). It
was assumed that the windmill ‘s safety
system limits the output to a constant
value for wind speeds above three times
the desian wind speed G1.e. V.,.,4q4 = &
Vo), and that it shuts down the windmill
compietely above six times the desian
wind soeed (V, = 6 Vy4), yielding a
correction of not more than 187 o+ Cg.
For the windmii} with startino nozzle the
C.» relationznip was corrected for losses
through the nczole, according to

reference V. DAL VLt s - 2,
bz pots diGurE 1@ sncllates DL
resuite ! measurcmerts. YTaroie o

SuMUAr s 2€c these meazuwrements ot.n
ingicates the references.

The dots represent the average val .ec
during the whole measuring oeriod. I
tests of Southern Crose., Fiasa. ang Dazss
were performed at the Almere test «:1tc,
with verv high averace wind soeeds.
Therefore the corresponding opints are
found 1n the left part of the grapt.. The
tects of the WEU 1/7 and the CWD Z@op
(both windmills with a starting mozzie
and a relatively high V,) were per{ormed
at the test site in Eindhoven with rather
low average wind speeds, yielding points
more to the right in the graph.

The table below summarizes soae
information of the measurements, and the
assumptions made.

Table 1. Measurements indicated as dots
in figure 10.
*

C,.¢' n V, v Ce ref

=) (=) (m/8) (m/s) (=)
Fiasa 8.35 ©.82 2.5 5.8 ©.37 4
So Cross 8.35 ©8.80 2.8 S.S 9.42 S
Dasis 9.35 V.60 1.9 4.1 8.24 6
WEU I/3 9.35 0.48 4.1 3.7 8.86 7
CWD 20080 8.35 8.35 4.6 3.3 e.82 7
# For the mechanical efficiency a value
of 8.80 was taken for high head pumps,

and 0.68 for low heaos puaps.

For the CWD 2000 a value of 0.35 was
taken because of friction in this first
prototype, to which the measurements
refer. Later it was improved
considerably.

S. CONCLUSIONS

In a general manner it may be
concluded that systematic field seasure-
ments contribute significantly to the
understanding of the performance of wind
machines.

More especifically field measurements

of output performance have produced a

much better understanding of the

importance of the hysteresis behaviour in
the start/stop region on the total output
of water pumping windmills.

1t was found that field measurepents

per formed according to the IEA re-

commendations do not result in

reproducible output curves for water
pumping windmills having a pronounced
hysteresis behaviour. The differences in
measured output curves may lead to
differences 1n calculated total output as
large as a factor two, especially for low
average wind speeds, in which water
pumping windmills are often applied.

On the basis ot the experience with field

measurements, a new procedure for output

predictions is proposed, involving three
steps:

- Determination ot the output curve
including hvsteresis ioop, depending
only upon characteristics of the wing
machine.

- Conversion of this hysteresis output
curve into a simole (site specific)
output curve by means o¢ probabilities



deriveg from tne w10 =0
cistrabution z2r the cite
irstailation,

- Muatiplicaticon ang intearatist or te
=itle =pecific outpul Tuwrve anc tnhg
site’ € wind speen freguencv
ciztribution.

A samplie theoretical moode! was
deveioped i1ncluoging these three cteos. it
seems to be in reasonable agreener.t with
the measurements available so far,
However, it will need further valigation
and refinement.

Procedures for field measurements baseo

on this “three step” approach st;ll need

to be developed. This may eventualiv lead
to an extension of the [EA re-
commendations.
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