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SUMMARY

In this report the measurements are described, which have been performed
on the WEU 1/3 windmill. They concern the 10 minutes mean measurements

only.

All measurements are processed via a so-called bin method. This method
showed to be very attractive for output measurements.

Although the windmill showed some defects (leaking pump) an overall
power coefficient of the system was reached of 0.32 at a design wind

speed of about 3 m/s.
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INTRODUCTION

In 1979 an apparatus was developed and built by two students of a
Technical College [1] to measure, to store and to process the data mea-
sured from a (water pumping) wind mill. “
This apparatus was built according to the requirements given by the
Wind Energy Group, which was in need of such an apparatus to do field
measurements.

In the summer and automn of 1981 this system was used for performance
measurements on the WEU I/3 wind mill.

In the beginning, the sample period of the measurments was one hour;
later this was decreased to ten minutes. Only the ten minute measurements

are reported here.



2.1.

WIND MILL MEASURING EQUIPMENT AND REGISTRATION

The WEU 1/3 wind mill in Eindhoven

In the automn of 1979 the WEU 1/2 wind mill which had been developed
in the Sri Lanka project was built at the testfield of Eindhoven. In a
cooperative effort between SWD and WEU this wind mill was modified
in the summer of 1980. The result was the so-called WEU 1/3 wind mill [2].
The wind mill consists of a 3.05 m diameter rotor directly coupled to
a pistonpump via an adjustable crank. During our measurements this
crank diameter was not changed. The pistonpump used in Eindhoven is
still the pistonpump as described in [2] (this was based on the WMP 1/2
pump, also developed in Sri Lanka). Differences with the pump in Sri
Lanka are the airchambers which are inside the pump instead of outside
and the pistondiameter, also with the revision of the windmill an iron
pumprod was used instead of a PVC ons. In Eindhoven it was necessary
to make a sealing at the top of the pumprod because a pressure simulation

was built instead of a well. An overview is shown in Figure l.
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Figure 1: The pressure simulation for the WEU wind mill



2.2.

Sensors and registration

As explained in the introduction an apparatus was developed in view
of performing fieldmeasurements. The requirements for this instrument
were:
1. to be used for different measuring times
rotor diameters
air densities
water delivery heights
2. possibility to use several anemometers
3. clear output on paper, which contains:
- sample time
- the different input values
- quantities as mean power, mean windspeed etc.
4, complete automatic system
5. simple operation
6. portable.

One can meet these requirements by using two separate parts, a measuring
part and a data processing part. The measuring part measures the different
values, while the processing part calculates values as mean power etc.
(with aid of the input values of rotor diameters, air density etc.). This
last unit was never used because it was not available in time. This turned
out to be advantageous as the input data -which had to be typed for
processing by the micro computer- were less in number.

It was decided that four input channels were necessary: three digital
channels and one analogue channel.

The three digital channels receive pulses from read-switches or opto
couplers (light emitting diode and light sensor) and these pulses must
be summed during the measuring period.

The analogue channel averages a signal from a potentiometer; this is
done by a so-called voltage regulated oscillator, in such a way, that
one degree yawingangle gives one pulse per second (two degrees yawing
angle gives 2 pulses per second etc.). It should be noted, that with the
existing set-up no difference was made between positive and negative

yawing angles.



The four signals measured are:

l. number of revolutions of the rotoraxis (by means of a opto-coupler)
resolution: | pulse/revolution ’

2. number of litres water pumped by the wind mill (by means of a read-
switch)
resolution: 1 pulse/litre

3. windrun (by means of a read-switch)
resolution: 1 pulse/100 m wind

4. yaw angle (by means of a potentiometer)

resolution: 1 pulse/(per degree yawing angle * second)

A detailed description of the different sensors can be found in Appendix A.
Because the process unit was not used, only the values of the four channels

were printed. An example of four measurements is listed in Figure 2.

In this figure the word "TEL" is an abbreviation of the Dutch word "teller",

which is equivalent to the English word "counter".

TEL 4 057831
TEL 3 001153
TEL 2 003088
TEL 1 000120

TEL & 060949
TEL 3 000922
TEL 2 001832
TEL 1 000106

TEL 4 059104
TEL 3 000653
TEL 2 001289
TEL 1 000088

TEL 4 050716
TEL 3 001200
TEL 2 002406
TEL | 000109

Figure 22 An example of the output of the registration unit

The four values display the following:
counter l: windrun

counter 2: number of revolutions
counter 3: number of litres water
counter 4: yaw angle

All measurements are averages over ten minutes periods.



3.1.

DATA PROCESSING AND RESULTS

Data processing

The four numbers per measurements as shown in Figure 2 are stored
on a cassette tape with the aid of a PET micro processor. With this
same processor alle measurements are processed into values which describe
the performance of a wind mill.
In total 1449 ten minutes measurements are processed.
Per measurement the following sequence of processing was done:
1. See if one of the four counters shows a zero value,
This will be the case, if for example the wind speed is zero or when
the wind mill does not turn. Also a defect in one of the sensors can
cause such a value, ‘
If one of the four numbers is zero, the measurement is ignored. This
is necessary, because otherwise the processor has to divide by zero,

which gives an "error" message and stops the processing.

d

If the measurement is accepted, the following quantities are calculated:

V= C1 * 100/(T * 60)

P = 120V3nR?

wind

Pwater = H g C3/(T * 60)

= C3/(C2 * Vol)

Cpn B Pwater/p

= 27R c:;,/(cl * 100)

wind

Tt
i

)

i

C&/(T * 60)
n = Cz/(T * 60)
Q= C3



The symbols are used for:

\% : wind speed (m/s)

Pwind : power in the wind (W)

Pwater : theoretical power to lift an amount of water Q in a period T
over a head H

Mol : volumetric efficiency

C‘D n : overall power coefficient

A : tipspeed ratio

$ : angle of yaw

n : number of revolutions per second (1/s)

Q : quantity of pumped water (m?)

P : density of the air (kg/m?)

H : delivery height (m)

R : rotor radius (m)

T : measuring time (minutes)

Vol : pump volume (litres)

C 1'6& : numerical values of counter -4

It will be clear, that the calculated values are averaged over the
measuring period (here: ten minutes).

. Now a check is made, if the measured values are reliable by checking

the following conditions:
1. Cp n< 0.4 (see explanation section 3.2.)

2. C3<0.6 CZ

If a measurement does not comply with one of the conditions then
the measurement was ignored.

. Now all data are stored in bins. Each bin is characterised by a wind

speed interval. This way of data handling is described in [31L
Per bin the mean value and the standard deviation within the bin is
calculated and printed.
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An example of such a calculation is shown in Appendix B. The computer
programme is given in Appendix C.

The result of all measurements are given in table 1 - 9 and figure 3 - 10.
Each processed quantity is stored in its appropnate bin (bin i) characterised
by the corresponding wind speed interval (—- m/s and i/2 m/s} in which it
was measured. In this way distributions are obtained for the wind speed,
power in the wind, power in the water, volumetric efficiency, overall
power coeificient, tipspeed ratio, yaw angle, revolutions per second and
the number of litres water rpumped.

In the following tables the Dutch words "KLASSE, X-GEM., ST.DEV.
and AANT." mean respectively bin number, mean value within the bin,
standard deviation and the number of measurements belonging to the
specific bin.
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Table 1: The distribution of the wind speed
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Table 2: The distribution of the power in the wind corresponding to the bins of Table 1
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Table 3: The distribution of the power needed to lift the water
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Table 4: The distribution of the volumetric efficiency
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Table 5: The distribution of the overall power coefficient
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Table 7: The distribution of the yaw angle
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Figure 3: The number of measurements as a function of the wind speed.



16

Pwater 100 A
{watt]

3
¥

30

20

10

¥

0 ] 5 1
0 1 2 3 A 5 6 7 8 9 10 Windspeed

12 3 456 7 8 9101112 1314 1516 17 18 1920 Bin numbers

1 I L S [ 1 A
™

Waterflow i
per hour
( lﬁ'?ES) 1509

1000-

500

O i I ] 1 i | 1 Lo i ] .
0 1 2 3 b 5 é 7 8 9 10 Windspeed
12 3 4 567 8 9101112 131415161718 19 20 Bin numbers

Figure 4: The output power Pwater and water flow per hour at H = 15 m as a function of
the wind speed
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Figure 5: The volumetric efficiency as a function of the wind speed
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Figure 6 The overall power coefficient as a function of the wind speed
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Figure 7: The tipspeed ratio as a function of the wind speed
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Figure 8 The absolute yaw angle as a function of the wind speed
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First order trouble shooting

Before we will discuss the previously shown measurements we first will
mention some items, which have influenced the reliability of the measure-
ments.

1. In dismantling the pump for the winter it appeared, that the rubber
disk of the foot valve was worn out. This explains why the pump was
leaking when the mill was standing still. This was seen on the pressure
indicator gradually dropping to zero.

2. Because the pump was leaking, the delivery height was less than the
presetted delivery height of 15 m. In performing the calculations how-
ever a constant delivery height of 15 m was assumed. Especially when
the wind speed is low, this effect is important and leads to an over
estimate of the C_n values. For this reason all measured C_ n > 0.4
(see 3.1.) were objected. P

3. At high wind speeds, the pressure indicator was oscillating between
12 and 17 m of water. To avoid this in future, the pressure indicator
should be placed on the pressure vessel instead of close to the pump.
Also a gauge-glass on the vessel will be very useful (see Figure 1).

4. The meter was full of organic compounds (leaves etc.) which causes
extra resistance of the pipe line. This can be avoided by putting a
filter just before the watermeter. It must be possible to clean this
filter easily.

5. The wind speed indicator gave few counts resulting in a high inaccuracy
at low wind speeds. Another wind speed meter (for example a "Maximum"
anemometer) will solve this.

6. At low rpm of the wind mill, the water was going to and fro in the
pipes. This caused extra pulses recorded by the water meter each
time the small magnet passes the read-switch. This can probably be
avoided by putting the water meter down-stream of the pressure vessel.

7. Too few measurements were performed, especially at high wind speeds.
This will cause high inaccuracy for these high wind classes.

8. By ignoring the high Cp values as well as the low values it is doubtful
wether the resulting values are correct. To ignore the high Cp ya{ues
can be correct but to ignore the low values (zero values) is not always
correct. The difference in number of measurements between all measured

periods and the "reliable" periods is shown in Figure 11.
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DISCUSSION

Theoretical model and comparison with the measurements

Before we will discuss the results of the measurements we first will
derive a theoretical curve, with which we can compare the measured
values.

In fact there are two ways of predicting the power versus wind speed

curve (which is the most important curve).

l. Based on the theory as described in [4] and [5]. In this model the C i
curve is described by a quadratic curve and the pump as a constgnt
torque load.

2. Combining a -in the wind tunnel- measured CO-?« curve of a rotor

with the rps-wind speed curve and assuming a ‘constant n-value equal

to 0.75 (generally accepted value for pump efficiency).

Starting with the first possibility we find in [5] that we need the following
quantities: design wind speed (VD), the ratio lambda maximal, lambda
optimal (L), themaximal total energy efficiency (Cpn m ax) and the sweptarea
of the rotor (A).The value of the design wind speed Vp can be found as
described in [6]. This gives for this design wind speed 4 m/s (for detailed
values see Appendix D). The value of L is 1.8 and for (C n}max = 0.24 (see
Figure 13). These two values can be found in [7]. Although [7] refers
to the THE 1/2 rotor, it is assumed that the WEU 1/3 rotor has the same
characteristics. For the pump efficiency a value of 0.75 is taken, which
is a generally accepted value. The f{following formula, which describes

the output curve, can be derived.

v VN, 4
- 'D? D
P = {L-V—— -(L-D(5=) } 2o Vh A€My

Writing this as a dimensionless formula and complete it with the specific

values give
i by 4o
C, = 0.24 ( 1.8 (5) -0.8 (V)}

This formula is drawn in Figure 12 (curve 1). Also the curve is drawn
with a design speed of 3 m/s and a (C n)__ of 0.30, which corresponds

more to the measured results (curve II).
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Another possibility to derive a C -V curve is with aid of the C -\ curve
(from [7]) and figure 9. We supgose here that the pump has a constant
efficiency of 75%. In figure 13 the C,p-x curve is shown as presented
in [7].

Curve III plotted in Figure 12 is the result of the derivation. The deflection
of the line for wind speeds higher than 5 m/s is the result of the safety
system. When the wind speed is higher than 5 to 6 m/s the rotor is turned
out of the wind.

For a rotor in yaw the C_ value will be less than the value for which
the rotor is perpendicular to the wind. The theoretical curve Il in Figure
12 is based on the Cp-k curve without yaw, so the C_ values are too high.
In Figure 12 we can also draw the measuremed Cp-V curve; this gives
curve IV.

We see now that the measured curve fits fairly well with curve Il and
curvelll, and curve Il fits fairly well with curve I, at least at low wind
speeds.

An important question is now, how it is possible, that curve 1, the curve
based on a design speed of 4 m/s does not fit at all to the measured
curve.

First of all we must have a look at Figure 5. There we see, that the
volumetric efficiency is 60% - 55%. This is quite low, compared to values
of 80% - 90% which are usually accepted. One of the explanations can
be the leaking piston and foot valve. If we also accept then that the
energetic efficiency will be 60% - 55%, then we find for the design wind
speed 3 instead of 4 m/s. We can explain this as follows.

The low volumetric efficiency can be regarded as a 60% smaller stroke.
The formula for the design speed contains the stroke to the power of
one half

Vp™ (s)m

Because the root of 0.60 is about 0.8 this gives for V. 3 instead of 4 m/s.

D
It is very remarkable that from Figure 13 and Figure 9 also follows a

design speed of about 3 mf/s.
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Final remarks

As conclusion for the measurements as presented in this report we remark

the following:

The' measuring method gives a good idea of the output of the wind
mill. Typing the output (C i - Cq) for processing is however time con-
suming.

In future one should consider the remarks of section 3.2. Especially
the points 2, 3, 5 and 6 need attention.

From Figure 12 it can be seen, that the measured curve can be predicted
reasonably. |

One has to check in advance, whether the whole wind mill is in good
condition (see point 1, section 3.2.).

The whole wind mill system has a good efficiency when the wind speed
is equal to the design wind speed (Cpn = 0.32)).

It is desirable that attention is paid to the fact, that measuring devices
must be fastened to a prototype before the windmill is erected on the
field.
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APPENDIX A

rpm measurements

2.

On the axis of the WEU [/3 wind mill a disk was fastened with one slit
on the circumference. This slit is situated in such a manner, that when
the crank is in the highest position, the slit passes the opto-coupler¥*.
Each time the slit passes this sensor the light falls on the cell and a
pulse signal is generated. These pulses are counted in an electronic circuit
which is situated in the central apparatus.

water quantity measurements

3.

These measurements are done with a commercial waterflow meter. In
this flow meter a read-switch is mounted on a dial, so with every litre
of pumped water one contact is made. A bounce-free circuit was made
and fed from the central apparatus.

The make of the water meter was: Pollux SPX.

The type number was M-N 20 (x)} ZK-1.

wind run measurements

4,

For these measurements a Casella cup anemometer is used. The internal
gearing is such, that per 100 meter wind which passes the anemometer
one pulse is given by a read-switch. The signals are counted in the central
apparatus in the same way as the pulses of the water meter.

The make and type of the anemometer were: Casella; W 1254/2.

Measurement of the vaw angle

These measurements are done with a wind vane that was mounted on
the head of the wind mill. A potentiometer which was fed from the central
apparatus gave a signal varying from zero to twelve volts. When the

rotor was perpendicular to the wind, the potentiometer gave six volts.

*  This position is chosen to avoid double counting when the wind mill oscillates around
the bottom dead point.
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A voltage controlled oscillator changed this signal into a number of counts.
This was done in the following way:

each second a sample was taken from the potentiometer. This sample
was translated into a number of pulses and summed in the according
memory. The number of pulses generated when the wind mill was yawed
10 degrees to the wind is 10 pulses each second. The conformity of yaw

angle and number of pulses generated is shown in Figure 14.

PULSES
PER SEC.
180]
1001
0 T v y .
-1%30 -390 0 20 180 YAW ANGLE

Figure 14: The conformity of voitage (as yaw angle) and the number of generated pulses
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APPENDIX B

Example of calculations belonging to measurements of ten minutes.

T, =13 p = 1.25 kg/m? g = 9.81
T, = 145 Vol = 0.59229 |

T, = 62 | H=15m

T, = 8976 R =1.525m

V =13 % 100/(10*60)= 2.17 m/s

Pling = Y2 * 125 % (2.17)% * m % (1.525)2 = 46.45 W

Poater = 15 * 62 * 9.81/(10%60)= 15.21 W

Nyo = 62/(145 * .59229) = .72

Cpn = 15.21/46.45 = .33

A= 2 %m % 145 % 1,525/(100* 12)= 1.07
§ = 8976/(10 * 60) = 14.96°
n = 145/(10*60)= 0.24 s~
Q=621

1

Further for each value the squared value was calculated.
This was done to calculate the standard deviation with the formula

x2 .5 Nxz
i=1 !
g = N

Before summing a measurement into the corresponding bin, one can check
if the values are acceptable. For our measurements all measurements
with a overall power coefficient above 40% were omitted as well as
measurements with a volumetric efficiency higher than 100%. Now the
bin number was choosen according to the wind speed. In this case is
the fifth bin C, 0-0.99 m/s-, lst bin;0.5-0.999-, * 2nd bin, etc.). Now each
value was summed in its according bin and also the total numbers which
are summed are put in a bin.

If all measurements are processed on this way the mean values of each

bin, and the standard deviation, is calculated and printed.



APPENDIX C

C1

The programme, used for analysing the data.

1804
iai1a
1aza
1238
1245
lasa
108
1378
iaea
1994
1188
1118
1128
1134
1148
1158
1128
1178
1128
1199
1298

=216
1229
1238
1z24a

25
12€8
1272
1224

298
1304
12182
i3za
1328
1343
135
133
13va
1328
1258
1402
1412
14z2a
1428
14484
1458
14
1476
1420
1439
1500

OFEHS, 4,2 1 OPEMS . 4 . 1 sOFPEHT . 4

PRINT#S," S99 POEh, R DER, [TE DRt

FRIWT""
FOKESS4eS 14 :0IMAC 18 . 18035

FRIHT" PROGRAMME TER VERMHEREIHG ¥
FRINT? VAW WIHOMOLEMN GEGEVEMZ. M

FPRIMT" GESCHREYEH DOOR 2 "
FRIMTY R.EBISZUOHOPZ "
FRIMT" "
FRINT" “
FRINT®

FRINT”

FRIMT"

PRIMT" ##

PRIMTY ¥

FPRIMT" TECHHISCHE HOGESCHOOIL .
PEINT

FPRIMTY POZTRUS S13 "
PRINT" Se@d MB EIMDHOVEH "
PRIMT" #3 30 DECEMBER 1921 "
FORR=1TO4203 s HEXT

DIMF$CEZ

REM###HQOF DPROGRE AMMAS#$

FRIMT"IZMMEMST U IHSTRUCTIES JoH0"

GETR#F: IFRE="I"THEML 227G

IFAF="HN"THEH 1425

IFA${F"HY"ANDREC " T THEH L 243

PRIMNT"EDIT FPROGRAMMA YERMUERET MEETGEGEWEHZ. "
FRIMTER MORDEH STEEDS 4 TELLERSTRHDEH GE-"
FRIWT“YRARAGT., "

FRIMTYGETALLEM WORDEH GEMOLGED DOOR - RETUEH" .M
FRINT"VRAGEH WORDEH BEAHTWOORD DO JoH IH ¢
FRIMT"TE TYFEH."

FPRIHTYL ELIMT EEW TLIESEMH QUTFUT YERAGEH.
PRINT"DE MOGELIJTHHEID GEGEVEHS TE YERMIJOE-"
PRIMTYREM BE2TART OOk, "

FRINTYRRBEREGRIJIFT U OIT ¢

GETA$ s IFAE="1"THEHN1 420

IFAS="N"THEH 1484

IFR$CHI"AMDAS "M THEML 272
FPRINTYINEHOGHMARLS DR 1Y FOR He=1TO10008 s HEST
GOTO127V0

FRIMTY"IEERST HORDEH GEGEVEHS OPGEVREARGD.
FORM=1TO1S00 sHEXT

GUSUBR 1376

FRIMTYZAL EUMNT M3 2

PEIMTY H~-HIEUME TELLERWARRDEH GEWVEH.
FPREINT" B~-GEGEVEHZ YVERHIJIDEREH.

FRIMT" C--TUSSEH OQUTPUT “RAGEM.

PRIMTY D-HET FROGEAMMA BEEITHDIGEN.

FRIHT" E-GEGEVEHSZ AN BAHD “ERHEREEH.
FRIMT s KEUZE IS ¢

GETR%: IFAT="A" THEM1 S0

IFR$="B"THEHI&ET

IFA$="C"THEMLI T2

IFRAS="D"THEML 745

IFAE="EY THEHZ9 2GR

GOTOLIS26
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1984 GOsSUBZ 19

1599 GosSUBiz1a

16868 IFQTHENLS2Q sREM#SOHGEL DIIGE MAARDE##

181@ GOTO1E40

1820 PRINT"IDEIEL AARTSTE METIHG IS OHGELOIG, " sFOR M=1T01800 sHEXT
1538 GOTO1EEd .

18480 GOSUBR2 186

1852 SOSUBR2 13

1668 GOTO1456

1678 GOsUBR2136

1€2380 GOSURLISIG

1£98 GOSUIB2195

178 GOSLUBLTSH

1718 GOTO1456

1728 GosuB24€0

173@ E0TO1456

1748 FRIMT"a{aI0. k. TOT ZIEMS. " :EHD

17580 REM*##ELASSE WAFEEH HERSTELLEM###

1760 FORU=1TOF

1978 ROU,Ix=RCU, T —-BOLD

1780 ACU, I+ =AU, I+1 0~ B T2

1798 MEXT A1, I=R1E, Tr—1 sAM=”/i-1

1208 RETURH

12180 FEM###EEREKEMHIMGEN 7 GROOTHEDER ###

1228 AM=AM+1

12328 IFTI<C1I0RT2C10RTECIORTAC I THEH 1 546

12348 BOlr=T1i#100,C THSA

185a RBO2i=,S#MeEcBR ] 020 8
=T HRT, 21 C TR

AT TEEN D

JEC20

AT 2R TR Tl ] v

Foa=Ta (T

BrRo=T2 0 TH£@0

Bo3a=T24

GOTO19:6

DM=0M+1

=]

RETURH

REM##$OIFYRAGEN GEGEYEMS###
FRIMT"J"

IHPUT"MEETTI.IO T
20809 ITHPUTYOFYRERHOOGTE BEDQRAAGT * :H
2019 IMPUT"LUCHTOICHTHELID "2l
2020 IMFUT"ROTOR DIAMETER "R
A28 ITHPUT"FOMPYOULUME AT
2048 FRIMT"BMCOMTEOLEER DEZE GEGEMEHS Y
2050 FRIMT gD k. 7"

22053 GETAS

2074 IFA$="J"THEMHRETLRH

2083 IFAF="H"THEHM197HA

2098 S0TO2as0

21098 RPEMAS#IHDELEH IH KLASSEH$®®

2119 I=THT IR 2% R ]

2129 FETURH

2138 REM#$$EL ASSE VAR EFH FAFSYULLLEH
2148 FORLI=1TO

2158 AL, Tr=Ad), T+ s R[4 S L 2
AL T+ =@ T v OB LECRE s s RE M SRS 1 2k
HEST 2FAC 180, To=Ra L6, T o 1 sREMS®$00UTER S
FETLRH

- 1

LI ITIO

e T T ST e A e = I W O
WO DD W DWW WD LG

-

YW 0 T R e G B e D

28
pay
i
[V (]



=l e g Mo D
LSO D

J R R RO R RSP PO
PoORY B PO DRSS fo e

2418
2420
2439
2449
245@
2aE0
2478
2489
2496
2509
2518

Y IR N PRSI SRV NI BT I (Rt B SR I Y
AR IODLBLO0DLD

PIMPRIPRIDRIRIDI PO DS RS R P PR PR
B M I RBGNHNAAAR NN

(S
-~
S0
S0

')
J

=271
evae
2738
2749
273
2768
Prigrg <
2788
2798
2800

cC3

REM&s##L OFEHDE PRINT OUT. OFYRAGEH HIEUWE MAARRDEMH#S+®

PRIMT

IFG=1THEHNFRINT" B AATSTE METIHG OHGELDIGY
PRIMT"LAATSTE TELLERMAARDEN v
FRIMT"TELLER 1:" :T1:FPRINTV"TELLER Z:":Ta
FRINTTELLER 3:"eTRPRIMTYTELLER 4:" T4
FRINT"BIMNGEDEELD IH KLASZE s“OI+in2
PRIMT"AARNTAL MWAARHEMINGEN TOT HU™ :AM

PRIMT"WARRYAM ONGELDIG "0
FRINT"LARTET BEREREHOE WRARDEH "
FRIMT"Y~HIMHD IHM M3 LIS SN

PRIMT"P=LLCHT IM WATT s B2
PRINT"F--bWARTER IN HATT s B3
PRINT"ETA-YVOLIMETRIZCH 8" ;B40

PRIMT"CF-ETA R ] L
FRIMT"LAMBDA sV RIS
PRINT"SCHEEFHOEE IM GR. 3" :B0(7)

PRIMT"EHIEUWE STAMD TELLER 1" ::IHPUTTIL

PRIMT" TELLER &" ::INFUTTZ
PRIMT" TELLER 3" s THPUTTZ
PRIMT" TELLER 4% ::IMFUTTY
L=

FRINMNT"ZIJH DEZE WAREDEH CORRECT 7%
GETRS$

IFA$="J"THEHNRETURH
IFA$="HN"THEMZ 132
GOTD2420
REM###FRIHT DUT#w#
FRIMT"IR WEHST ¢

PRIMWTY N IR

FRIMTY P uoHTY

FRIMT" F-ldETER Y

PRIMT" ETH-w0l . "

FRINT" CRP-ETH

FREIHWT" LAMEDR

PRIMT" FOLITHOER "

FPRIMTY B I TOEREHTALY

FRIMTY B WERPOMPTE HIEY. HATER®

FRIMT" 8@ EEUZE 7%:
GETE : IFKC1ORE 3 THEHZ S0
E=IHT KD

T R THOM
e P UCHTY

L P-WATER"
IFK=4THEMA$="KLASSE <> ETA-YOL."
IFE=STHEHA$="KLASSE <> CF-ETA"
IFK=6THEMA$="KLASSE <> LAMBOR"
IFK=FTHEMA$="ELRASSE <> FOUTHOEK"
IFE=STHEMA$="KLASSE <> TOEREMTRAL"
IFK=3THENA$="EKLASSE <> YERFPOMFTE HIEY. WATER"
PRIMT" apislaisp bl KELIZE "A$
FRINT#7 . " apey”
FRINTH#7 .SPCL4R0A%
PRIMT#7 . "ELASSE H-GEM., =T . DEY, AAMT.
Yel 1 Z=7R 503UB2TR0
PRIMT"ZHOGHMAALS YIDED PRIMT OUT 7Y
GETR$ 1 IFA$="I"THEHZ45Q
IFA$="N" THEHRE TUFH
GOTOZ7SA
REM##AHULFROUTIME YIDED PRIMT OUT#H##
PRINTYIMEUZE :":A$
PRIMTH#7 .CHE$EC LT3 CHREC 1T




2814
2824
2893a
2248
2858
2860
2978
288
2854
2500
231
292
2939
2948
29258
2561
2979
2980
£99a
30e0
2818
3028
3834
384
3958
380€0
3BV
3EEA
A9
21a8
3118
2128
310
2148
21589
B1ed
2178
31
2128
pmet 1%

Wi L3 PO R BEIRIRIPI PRI R

VIV IR IS S P YIS I VIR PV IR Y STV IR VY
B 000

r

RERADY

Ct4
FORM=YTOZLTERE
IFACLG, Ky I1 THEMAC 18, Hae=1E+28
Fl=d«+l b2
F=RCE 2 SRC1 W0
TEORCE  EHL SR LA W P TED b e
IFAC1I, Hi=1E+ZATHERNAY 16, X=3
"2=RCI8, M
FRIMTHS . FP1.P 2. P2
HEXT
FRIMTYRETURH 7"
GETBF: IFEs="J"THEHRETLIRH
IFBS{" I THEMHZR 1A
REF®EHVERMERKE THG BRMO#%H#
FRINT"JsapRE/ ERWERE THG BAMD GEGEWERZ.

FRIMT"IHET AANHTAL GEGEYERMS IH DE FILE IS":: INPUTAF

FRINT " aisialelely GHTROLEER OF DE JUISTE BAHD:
FRIHNT" 3 ~FARHWEZ TS I3, "
PRIMT" & ~EHRCT ELARR STAAT. "
FRINT"® TYFE “B” ALSZ O.KE.! *
GETAF1 IFAS="B" THENIB20

GOTO300GR

FPRINT"IIDE GEGEVEMT WERSCHIJIHEHW OF HET SCHERM.
OPEHZ2. 1.8, "HELU-GEGEVENS"

INPUTH2 . F$:PRINTFS

M=

INPUTH2 . R¥ sH=M+ 1
EFf=LEFTH A% .0 :05=MIDFEAE .7, S0

DE=MIDS RAE, 13,60 :E$=RIGHTH A% . =D

FRIMNTBS :SPLCO 20 0F s SPOIE 0D s SPCCZYES 2 SPOI2 0N
Ti=ALCEBF2 s TE=AL CCFD s TR=YALCDE ) s TA=ALCES >
D=5

GRSURLIS1O

GosSUBR2220

IFOTHEMHZLI TG

GiSLUIER 21890

SRSUB213a

IFH=AFTHENZ1 20

GOTOZREG

CLOSER

GOTQ14%50

EHD .

FREM###SUBROUT THE  WYOORMAFREDE b $#

IFT3: SR T2THEMG= |

IFB S 4THEMR=1

IFECL b=3AN0DR L 03, SANHDE L 7o 2R THENG=1

REM

FEM

FEF

FEM

REM

REM

RETLIEN

H



APPENDIX D

The design wind speed.

From [5] we know that the design wind speed can be determined with

the following formula:

2
sD pngAO

VD=
3
4 (Cpn )max p wR

The symbols and their value are:
s = stroke of the pump

o
1

diameter of the pump

P w = water density

g = gravitational acceleration
H = delivery height

Ao = optimal lambda value
(Cpn?)max: maximal energy efficiency
P = density of the air

R = radius of the rotor

This gives for Vy the value 4 m/s.

0.57 m
0.115 m
1000 kg/m?

9.81 m/s?
I5m

2

0.24

1.25 kg/m?
1.525 m
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