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OF SYMBOLS 

c blade chor-d 

CL lift cDefficiellt 

dr-ag coefficient 

power coefficient 

tor-que coefficient 

CT thrust coefficient 

Cp side force coefficient 
s 

C yawing moment coefficient 
Myalll 

D rotor diameter 

r-adius 

blad~ thickn~ss 
curvature == x 100 

chord 

angle of attacK 

blade setting angle 

angle of yaw, i.e. angle between 
wind direction and rotor axi~ 

tip speed ratio 

~ angle between relative wind and 
plane of rotation 

8p nominal pitch angle 

(-) 

(-) 

(-) 

(- ) 

(-) 

(7.) 

(-) 

( -) 
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INTRODUCTION 

At the meeting of test stations for wind turbines in Lannion, 
France, in May 1984 proposals were discussed for a series of 
projects to be carried out in cooperation between the test 
stations. 

This report concerns one of these projects: "Benchmark test 
of power curve computations". For this project it was agreed 
that Ris~, Denmark, will be project leader. Among other test 
stations, CWD will participate in the project. CWD will 
concentrate especially on multi blade rotors, which are 
typical for water pumping windmills. For the project as a ' 
whole, slow running rotors are of specific interest, since 
the difficulties in computational models can be expected to 
become evident most clearly for slow running rotors. 

The project is partly funded by the European Economic 
Community under contract 84/B/7033/11/004/17 between the 
Commission of European Communities and Rise. In February 
1986 a contract was concluded between Rise and CWD for CWD's 
contribution to the project. 

In June 1986 the specification of the multibladed rotors, one 
of the tasks of CWD, was finished and reported in R 793 D, 
[ref. 1]. 
This report is included in the present report as section I, 
with an additional section on the measured rotor 
characteristics. 
Section II contains the results of the power curve 
computations for all horizontal axis rotors. 
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SECTION I 

DATA ON MULTIBLADED ROTORS 
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The first rotor specification concerns a rotor applied by 
Dempster~ Nebraska~ USA in its water pumping windmill of 14' 
diameter. Figure 1 contains an overview of this typical 
classical windmill. 

PUMP 
POLE 

Figure 1 Dempster windm~ll 

The rotor consists of 6 sets of 3 blades each~ in total 18 
blades~ see figures 2 and 3. The rotor blades are supported 
by six spokes and two rims. The blades consist of curved 
steel plates, having a constant radius of curvature. 
The specifications of the rotor are summarized in table 1, 
including blade shape and blade angle setting. 
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Figure 2 DEMPSTER 14' rotor assembly 

Figure 3 DEMPSTER 14' rotor section with 3 blades 



Table 1 DEMPSTER 14" rotor specifications 

Rotor diameter 
Number of blades: 

4.26 m 
18 

Blade profile curved steel plate y constant radius 
of curvature 

Blade shape and angle setting: 

Radius 
r (m) 

121.99 
1. 71 
2.13 

blade root, inner rim 
outer rim 
blade tip 

Blade chord 
C (m) 

.21210 

.485 

Blade angle 
setting .8 

5. 

Profi Ie 
curvature 

5% 

121. 

Blade chord and blade angle may be assumed to vary linearly with 
radius. 
Supporting structure: 

See figures 2 and 3 
6 spokes 
inner rim at r = 121.99 m 
outer rim at r = 1.71 m 
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The WEU 1-4 rotor has been designed by WEU, (Wind Energy 
Unit), Sri Lanka to su=ceed the existing WEU 1-3 rotor (see 
figure 4). The WEU 1-4 rotor is of the same type as the WEU 
1-3 rotor, but has 8 instead of 6 blades, the chord is larger 
and the blade length is shorter. This results in a higher 
solidi ty. 

PUMP ROO 

PUIoI' ROO GUlD5 

OEUYalY 
AIR VESSEL 

""'m -
PIJIiI' CYI.IClEII 

SUCTION 
AIR VESSEL 

Figure 4 
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CRA!I1( 6E_ 

••• 
i 

SLADE SPOKE 

ROTOR HUll . 
6LAO£ !I1IIS 

wE U I-3 / I 

rR.. (IE. fA I- y iJ 4 
t..&.. ~ f. Y,o.f. J &:r-f 
~ 8 ,;.~t.lZ,evt of 6 

~ I a...,(.,c.~ 
~ d!.crt-~~~. 

lOC.II'IGJ ...... OCl<Jt.IG HANDLE 

-S(AL1N(l PlS1tIII CYI.IClEII 

·PUIoF FOUNlATlON FRAIIE 

SUCTION _ 

-~ TOWER FCUNOATlON BLOCKS 

PIMP f\lIJNDATIOfI IIl.OCi 

WEU 1-3 windmill 
The WEU 1-4 rotor is of the same type as the WEU 
1-3 rotor, but has different number of blades and 
other specifications 
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The WEU 1-4 rotor has 8 blades. The blades are supported by 
round pipes at the wind ward side of the blades. The blades 
consist of curved steel plates of constant width and 
curvature. See also figure 5. 
The specifications of the rotor are summarized in table ~ 

f-- • ---1 i 
- .~~ . -~ 

- ~ 
- -

/ 

I 

/ 
/ 

II> '" ~ 
II> '" ... ... ~ ~ 

~ 
.... ... ..... .... ... .... ._- --_.-

, 

Figure 5 WEU 1-4 rotor blade 

Table 2 WEU 1-4 rotor specifications 

Rotor diameter : 3.05 m 
Number of blades: 8 

"I /1 

Blade profile curved steel plate~curvature 1121% 
Blade shape and angle setting: 

/ 

Radius Blade chord Blade angle 
r (m) C em) .8 

fll.625 blade root 121.44 
121.825 supporting rib 121.44 37° 
1.325 supporting rib 121.44 28° 
1.525 blade tip 121.44 (rounded) 

setting 

The blade angle may be assumed to vary l{nearly with r~dius. 
Supporting structure: 

See figures 4 and 5 
Hub 
Spokes of round tube~ diameter approximately 33 mm, 
fixed at 1/3 from the leading edge of the blade, 
extending to r = 14325 m. 
Two blade supports (see above) for each blade. 
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The CWD 5000 rotor was designed by CWD as part of its water 
pumping windmill of the same name, see figure 6. 

CWD5000LW 

PURPOSE ; _..,liftIng; dosigned '''' ..... in low 
and mod ...... wind regimes w-tv 
_ boIow 6 mIoi 

ROTOR : ___ ; upwind pooition by 

means of a tail vane; rotor diameter 
5 m. 8 _ of galvanized ..... 
"-'; fixed pitdI 

Tl'IANSMISSION: direct drive Ofonk _ with 
od~ strokB and ovshead 
swV1g arm; _ 80-200 mm 

CONTROL : ""'" ~ _ by -""'. 
SYSTeMS _by_vaneandhinged'" 

yono _; with nlIIfIIJOIIy 8CIi--luriing-PUMP SYSTEM : lingle acting pioIon pump with p<ee-
sur. air dlarnboo and starting ncmIe; 
galvanized ..... pump; nominal __ of 150 mm. 

TOWER : lattic ...... _; height 12 m __ 9m1 

FOUNDATION ; require$.oout 1 ml reinforced con
a«e pet log. 

CAPACITY : 50 m'lday II! 20 m statio hoed and 
4.5 mI, wind~. 

OPERATING ; ·wHn ; 4 mill 
WIND SPEEDS "ated : 9 mi. 

'cuH>ut; 12 mI.lautomotic furling 
_8andI2m1a) 

-survival: 50 mill 
AERODYNAMIC:·~ ldeslgnt. 2 
PROPERTIES .Cp lmax): 0.35 

-solidity: 0.34 
• typical design 
wind~; 4.5 mIs 

WEIGHTS ; -"""'. hoed and tranomiseion; ± 3tiO 
kg; -tower. _ kg lS mI __ flIiO kg 

112m1 
. -pump induding 25 m piping below 

ground _280 kg 
COST : _ .... only ± US $ 1 ooo.-lin The --

Figure 6 CWD 5000 windmill 
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The CWO 5000 rotor has 8 blades. The blades are supported by 
round pipes at the wind ward side of the blades. The blades 
consi st of curved steel pI ates nf const ant wi dth arHj 

curvature. See also figure 7. 
In comparison with the WEU 1-4 rotor, the CWO 5000 has a 
lower solidity. 
The specifications of the rotor are summarized in table 3. 

= • R 25m 

ED 
I I 

. 

I J.fJL2" $par 

Figure 7 CWO 5000 rotor blade 

Table ~ CWD 500~ rotor specifications 

Rotor diameter 5 m 
Number of blades: 8 

. 

Blade profile : curved steel plate, curvature 101-
Blade shape and angle setting: 

Radius Blade ;:hord Blade angle 
r (m) C (m) ...d 

0.67 blade root 0.445 <rounded) 
0.71 support 1 "0.445 38° 
1. 16 support 2 121.445 32° 
1. 61 support -,. 

-J 0.445 26° 
2.06 support 4 121.445 20° 
2.50 blade tip 0.445 (rounded) 

The blade angle varies linearly with the radius. 

Supporting structure: 
See figures 6 and 7 
Hub 

"" 

./ 

setting 

Spokes of round tube, diameter approximately 6121 mm, 
fixed at 1/4 from the leading edge of the blade, 
extending to r = 2.06 m. 
Four blade supports (see above) for each blade. 
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Although the title of the project, "Benchmark test of power 
curve computations", suggests that the project is concerned 
with an analysis of complete systems (i.e. including power 
conversion by the rotor, the transmission, and the load), it 
becam~ clear from the questionnaires sent by Ris~ that the 
project will be focussed on aerodynamic calculations of rotor 
characteristics. 
For slow running rotors of water pumping windmills the 
following results of calculations are of interest. 
For the calculations one must assume a wind speed of 4 mts 
(of importance for the calculation of Reynolds numbers!>. 

Hinimu. requirement of results 

As a minimum~ results must be presented of dimensionless 
rotor characteristics, i.e. dimensionless torque-r.p.m., 
power-r.p.rn. and thrust-r.p.m. curves. 
Summarizing: 

CQ -)' curve 
Cp -}. curve 
C-r-}. curve 

Desirable re~ults L 

For water pumping windmills one is especially interested in 
the characteristics of rotors in oblique flow. The behaviour 
of the safety system of a water pumping windmill depends 
strongly on the forces and moments, acting on the rotor in 
oblique flow (i.e. non axial .,.low). One is interested in the 
characteristics mentioned above with the angle of yaw as a 
parameter. 

Summarizing: 
CQ -}' curves with EI as a parameter 
Cp -}. curves with 5 as a parameter 
C-r-A curves with & as a parameter 

De"sirable results l 

For rotors in oblique flow, two additional force/moment 
components emerge: lateral (or side) force, and yawing 
moment. These two components have a strong influence on the 
behaviour of safety systems. Therefore it is of interest to 
calculate these components: 
-Cr _A curves with & as a parameter 

s 

-C
Wyaw

-). curves with & as a parameter. 
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In this section the measured rotor characteristics are shown 
of the three multibladed windmills. These characteristics have 
been obtained from measurements on scale models in an open 
windtunnel of 2.2 m. diameter. 
In fig. 8 and 9 the CCl,-). and Cp -). curves are shown for the 
Dempster 14' model, which has a diameter of 1.42 m. In fig. 10 
through 13 the same characteristics are given for the scale 
models of the WEU 1-4 and the CWD 5000 rotors. Both models 
have a diameter of 1.50 m. 



FIGUR~ 8: Dempster 14'. Torque coefficient as a function of tin speed 
ratio [ref. 3] 

J 2. 



FIGURE 9: Dempster 14'. Power coefficient as a function of tip speed 
ratio [ref.3] 

13. 



FIGURE 10: WEU 1-4. Torque coefficient as a function of tip speed 
ratio [ref. 4] 

14. 



FIGURE II: WEU 1-4. Power coefficient as a funtion of tip speed 
ratio [ref.4] 

15. 
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SECTION II 

RESULTS OF POWER CURVE MEASUREMENTS 



As agreed with the project leader Ris¢, CWD has carried out 
tasks A.l (stall controlled horizontal axis windturbine, 

19. 

HAWT) , A.2 (pitch controlled HAWT) and A.3 Cmultibladed HAWT). 
according to the specifications. 
For each HAWT the c",,-l, CT -- '). and CQ '-" curves an? computed. 
Depending on the desired calculation output, P-V and T-V are 
alsc generated. All rotors are assumed tD be perpendicular to 
the undisturbed. flow, which is assumed to be uniform. Table 1 
gives a survey: 

A.l 

A.2.a 

A.2.b 

f4.2.c 

A.~J.a 

A. :::::. b 

HAWT 

Ni be--B 

Debra 25 

25 m HAT Petten 

Dempster 14' 
WEU 1--4 
CWD ~:iOOO 

Output 

P, T-·V 

P, T-\.) 

P, T--V 

Remarks 

idem 

~ith pitch control 

'9",. :::: 4<:.' C'md twC) 
rpm's(33,3 and 50) 

idem 

ep - -2.5~ 0, 2.5. 
~3, 1()-

Each of the ne~t sections contains all computer program 
output. The figures refer to the most important pitch angles, 
as far as Cpo Cm and C T are concerned. 
Each section also shows the profile characteristics used l~ 

the progra~. As the program contains a correction methOd to 
conver·t the two"-di mensi anal. dc:<.ta to tru-pe-di mE!nsi Dn,al d,;:'.t"". 
both CLwves ",u"e shown: "(']" indicai:t:::~d "old"" l:h,::.t is t.he Ql\/(';?11 

2"-D c:hCilrat:t.!:.~!r'is;t:ic:. lin" Fi:?+F'r"s. t.el "n(:: ..... ,·l",., th.,!, ch,;:w':::!.ctet"is;i:lc 
after correction. 
The COl"t"'ectiOrl mE,thod is krn::)lt;in ",IS t!H2 "Ii,t~?r'na ~;1. Lew i~.:)an 
cor",'''f:,C -1,:, i ew! /l ~ ,,~nd i '::; d~i~SC: y' i h(',d in [, "- f?f. ? '] " Ii:. <,; HkH I'·,·f U,." (/.; i ';; 
that the aspect Y"c,tio uf t!"H2 blade :i s t"::,,ken into c\CCDUi',t. 'i'!',e 
calculation method ltself is an ordinarv blade element! 
momentum method, described in Iref. 6J. 
Finally ,,;:',pppnd:i;.; f) ql'v'~'!''ii t.h'~ jnput of t.ll(·::' P'''(')ClI'''~:Hn +Dr E',~\,cll 

wind turbine, except for th~ prufile char cteristics. These 
1..:,,-1"1 bE' found in thfJ:2 tablt:1s CJ+ t.he ~,p,,::'cific.03.t1.DnS~ dnd ill ·l.:I'!("~ 

fiqll.F"t~S of thf.'~ npxt sE?ctiDnsi. 
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I I. 1 W I INMAT I C WM 17 S

tast; A.1



21 • 
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Wtnd Mottc Pt-lchhoek graden 

SLonkh cd - 1302 NACR 63215 

VLLerno & CorrLgon korrekLLea 
o <2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

.6 .6 

.5 

.4 

Q 
U .3 

.2 

. 1 

.5 

.4 

.2 

.1 

o~~~--~~~--~~~--~~--~~~--~~~o 

o 2 3 4 5 6 7 8 9 10 11 <12 13 14 15 16 

AMBOA 
N 
N . 



23. 
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, NUM@rl@k .. ultkomsr@n van do? b@r@k@nlng@n aan d~ WInd Marl" mol@n. 4.70 0.4078 0.0868 0.6408 10.410 63.9 9.6 
, Pft .. hho@k 1. 3 grad"n. 4.80 0.4130 0.0860 0.6516 10.193 60.7 9.4 
It Vlt@rna & CorrIgan korr"ktj~. 4.90 0.4181 0.0853 0.6625 9.985 57.8 9.2 
# 81 ankh"id • 13.2 5.00 0.4218 0.0844 0.6716 9.786 54.9 8.9 
# Hpt gpbrulkt@ profle] j s NACA 63215 5.10 0.4252 0.0834 0.6798 9.594 52.1 8.7 
It DE' strasl van d" rotor is 8.495 mo?t",r. 5.20 0.4283 0.0824 0.6877 9.409 49.5 8.5 
# DE' rotor hppft 3 bl adE'n. 5.30 0.4313 0.0814 0.6954 9.232 47.1 8.2 
II HE't tOE'rE'nral hE'draagt 55.0 tOE'r"o. pE'r minuut. 5.40 0.4340 0.0804 0.7024 9.061 44.8 8.0 * Blj dE' hprE'kE'nlngpn wordt lambda t"lkpns met 0.1 opg"hoogd. 5.50 0.4365 0.0794 0.7093 8.896 42.7 1.8 

5.60 0.4388 0.0784 0.7159 8.737 40.6 7.6 
HCp- .Cq- ES Cr-]ambda-karakr"rlsrl"kE'n voor dE'ZE' rotor: 5.70 0.4408 0.0773 0.7223 8.584 38.7 1.4 

5.80 0.4426 0.0763 0.7285 8.436 36.9 1.2 
Lambda Cp Cq Ct V P(aE'ro) T(sE'ro) 5.90 0.4442 0.0753 0.7344 8.293 35.2 7.0 

(m/s) (kW) (kN) 6.00 0.4457 0.0743 0.7401 8.155 33.6 6.8 
6.10 0.4471 0.0733 0.7456 8.021 32.0 6.7 

0.10 -.0001 -.0012 0.0851 489.277 -2011.8 2829.7 6.20 0.4483 0.0723 0.7509 7.892 30.6 6.5 
0.10 -.0001 -.0012 0.0851 489.277 -2011.8 2829.7 6,30 0.4495 0.0713 0.7561 7.766 29.2 6.3 
0.20 0.0008 0.0042 0.0845 244.638 1722.5 701.9 6.40 0.4506 0.0704 0.7612 7.645 28.0 6.2 
0.30 0.0014 0.0046 0.0848 163.092 836.8 313.2 6.50 0.4516 0.0695 0.7661 7.527 26.7 6.0 
0.40 0.0021 0.0052 0.0859 122.319 523.9 178.4 6.60 0.4525 0.0686 0.7709 7.413 25.6 5.9 
0.50 0.0029 0.0058 0.0872 97.855 376.5 115.9 6.70 0.4534 0.0677 0.7755 7.303 24.5 5.7 
0.60 0.0039 0.0066 0.0888 81.546 296.0 82.0 6.80 0.4543 0.0668 0.7800 7.195 23.5 5.6 
0.70 0.0052 0.0074 0.0909 69.897 247.0 61.7 6.90 0.4551 0.0660 0.7844 7.091 22.5 5.5 
0.80 0.0068 0.0085 0.0936 61. 160 215.8 48.6 7.00 0.4559 0.0651 0.7887 6.990 21.6 5.4 
0.90 0.0087 0.0097 0.0968 54.364 194.1 39.7 7.10 0.4562 0.0642 0.7928 6.891 20.7 5.2 
1.00 O.OllO 0.0110 0.1004 48.928 178.3 33.4 7.20 0.4561 0.0633 0.7968 6.796 19.9 5.1 
1.10 0.0136 0.0124 0.1045 44.480 166.5 28.7 7.30 0.4559 0.0625 0.8007 6.702 19.1 5.0 
1.20 0.0168 0.0140 0.1091 40.773 157.8 25.2 7.40 0.4554 0.0615 0.8045 6.612 18.3 4.9 
1.30 0.0204 0.0157 0.1144 37.637 150.9 22.S 7.50 0.4549 0.0606 0.8082 6.524 17.5 4.8 
1.40 0.0246 0.0175 0.1203 34.948 145.5 20.4 7.60 0.4541 0.0597 0.8117 6.438 16.8 4.7 
1.50 0.0293 0.0195 0.1268 ·32.618 141.1 18.7 7.70 0.4533 0.0589 0.8152 6.354 16.1 4.6 
1.60 0.0347 0.0217 0.1339 30.580 137.6 17.4 7.80 0.4523 0.0580 0.8185 6.273 15.5 4.5 
1. 70 0.0407 0.0239 0.1418 28.781 134.8 16.3 7.90 0.4513 0.0571 0.8218 6.193 14.9 4.4 
1.80 0.0475 0.0264 0.1504 27.182 132.4 15.4 8.00 0.4502 0.0563 0.8249 6.116 14.3 4.3 
1.90 0.0550 0.0289 0.1597 25.751 130.4 14 •. , 8.10 0.4490 0.0554 0.8280 6.040 13.7 4.2 
2.00 0.0633 0.0317 0.1699 24.4&4 128.8 14.1 8.20 0.4477 0.0546 0.8309 5.967 13.2 4.1 
2.10 0.0726 0.0346 0.1811 23.299 127.4 13.7 B.30 0.4464 0.0538 0.8337 5.895 12.7 4.0 
2.20 0.0827 0.0376 0.1933 22.240 126.4 13.3 8.40 0.4451 0.0530 0.6365 5.825 12.2 3.9 
2.30 0.0938 0.0408 0.2066 21.273 125.4 13.0 8.50 0.4437 0.0522 0.8391 5.756 11. 7 3.9 
2.40 0.1059 0.0441 0.2207 20.381 124.6 12.7 8.60 0.4422 0.0514 0.8416 5.689 11.3 3.8 
2.50 0.1190 0.0476 0.236J 19.571 123.9 12.6 8.70 0.4407 0.0507 0.8441 5.624 10.9 3.7 
2.60 0.1333 0.0513 0.2528 18.818 123.3 12.4 8.80 0.4391 0.0499 0.8465 5.560 10.5 3.6 
2.70 0.1487 0.0551 0.2708 18.121 122.9 12.3 8.90 0.4375 0.0492 0.8487 5.497 10. I 3.6 
2.80 0.1654 0.0591 0.2905 17.414 122.5 12.3 9.00 0.4359 0.0484 0.8509 5.436 9.7 3.5 
2.90 0.1833 0.0632 0.3115 16.872 122.2 12.3 9.10 0.4342 0.0477 0.8530 5.377 9.4 3.4 
3.00 0.2018 0.0673 0.3340 16.309 121.6 12.3 9.20 0.4325 0.0470 0.8550 5.318 9.0 3.4 
3.10 0.2198 0.0709 0.3562 15.783 120.0 12.3 9.30 0.4308 0.0463 0.8569 5.261 8.7 3.3 
3.20 0.2376 0.0743 0.3788 15.290 Il7.9 12.3 9.40 0.4290 0.0456 0 •. 8588 5.205 8.4 3.2 
3.30 0.2551 0.0773 0.4014 14.827 115.4 12.3 9 .• 50 0.4271 0.0450 0.8605 5.150 8.1 1.2 
3.40 0.2718 0.0799 0.4238 14.390 112.5 12.2 9.60 0.4246 0.0442 0.8622 5.097 7.8 3.1 
3.5il 0.2874 0.0821 0.4450 13.919 109.0 12.1 9.70 0.4211 0.0435 0.8638 5.044 7.5 3.1 
3.60 0.3031 0.0842 0.4666 13.591 105.7 12.0 9.80 0.4185 0.0427 0.8653 4.993 7.2 3.0 
3.70 0.3167 0.0856 0.4867 13.224 101.7 1I.8 9.90 0.4152 0.0419 0.8668 4.942 7.0 2.9 
3.80 0.3302 0.0869 0.5067 12.876 97.9 11.7 10;00 0.4119 0.0412 0.8681 4.893 6.7 2.9 -".) 

=" 3.90 0.3426 0.0878 0.5260 12.546 93.9 11.5 10.10 0.4084 0.0404 0.8694 4.844 6.4 2.8 
4.00 0.3534 0.0883 0.5431 12.232 89.8 11.3 10.20 0.4048 0.0397 0.8706· 4.797 6.2 2.8 
4.10 0.3639 , 0.0887 0.5601 11.934 85.9 11.1 10.30 0.4011 0.0389 0.8717 4.750 6.0 2.7 
4.20 0.3134 0.0889 0.5765 Il.649 82.0 10.9 10.40 0.3974 0.0382 0.8728 4.705 5.7 2.7 
4.30 0.3812 0.0886 0.5903 11. 379 78.0 10.6 10.50 0.3936 0.0375 0.8738 4.660 5.5 2.6 
4.40 0.3893 0.0885 0.6046 11.120 74.3 10.4 10.60 0.3897 0.0368 0.8747 4.616 5.3 2.6 
4.50 0.3969 0.0882 0.6187 10.873 70.8 10.2 10.70 0.3858 0.0361 0.8755 4.573 5.1 2.5 
4.60 0.4024 0.0875 0.6298 10.636 67.2 9.9 10.80 0.3817 0.0353 0.8763 4.530 4.9 2.5 



10.90 0.3776 0.0346 0.8770 4.489 4.7 2.5 
11.00 0.3735 0.0340 0.8776 4.448 4.6 2.4 
11.10 0.3692 0.0333 0.8782 4.408 4.4 2.4 
11.20 0.3649 0.0326 0.8787 4.369 4.2 2.3 
11.30 0.3605 0.0319 0.8792 4.330 4.1 2.3 
11.40 0.3561 0.0312 0.8795 4.292 3.9 2.2 
11.50 0.3516 0.0306 0.8798 4.255 3.8 2.2 
11.60 0.3470 0.0299 0.88,,1 4.218 3.6 2.2 
11.70 0.3424 0.0293 0.8803 4.182 3.5 2.1 
11.80 0.3377 0.0286 0.8804 4.146 3.3 2.1 
11.90 0.3329 0.0280 0.8804 4.112 3.2 2.1 
12.00 0.3281 0.0273 0.8804 4.077 3.1 2.0 
12. 10 0.3232 0.0267 0.8804 4.044 3.0 2.0 
12.20 0.3182 0.0261 0.8803 4.010 2.9 2.0 
12.30 0.3132 0.0255 0.8801 3.978 2.7 1.9 
12.40 0.3081 0.0248 0.8798 3.946 2.6 1.9 
12.50 0.3029 0.0242 0.8795 3.914 2.5 1.9 
12.60 0.2977 0.0236 0.8792 3.883 2.4 1.8 
12.70 0.2924 0.0230 0.8788 3.853 2.3 1.8 
12.80 0.2871 0.0224 0.8783 3.822 2.2 1.8 
12.90 0.2816 0.0218 0.8778, 3.793 2.1 1.8 
13.00 0.2762 0.0212 0.8772 3.764 2.0 1.7 
13.10 0.2706 0.0207 0.8766 3.735 2.0 1.7 
13.20 0.2650 0.0201 0.8759 3.707 1.9 1.7 
13.30 0.2593 0.0195 0.8752 3.679 1.8 1.6 
13.40 0.2536 0.0189 0.8744 3.651 1.7 1.6 
13.50 0.2478 0.0184 0.8736 3.624 1.6 1.6 
13.60 0.2419 0.0178 0.8727 3.598 1.6 1.6 
13.70 0.2360 0.0172 0.8718 3.571 1.5 1.5 
13.80 0.2300 0.0167 0.8708 3.545 1.4 1.5 
13.90 0.2239 0.0161 0.8697 3.520 1.4 1.5 
14.00 0.2178 0.0156 .• 8686 3.495 1.3 1.5 
14.10 0.2113 0.0150 J.8674 3.470 1.2 1.5 
14.20 0.2048 0.0144 0.8661 3.446 1.2 1.4 
14.30 0.1982 0.0139 0.8648 3.422 1.1 1.4 
14.40 0.1915 0.0133 0.8635 3.398 1.0 1.4 
14.50 0.1845 0.0127 0.8620 3.374 1.0 1.4 
14.60 0.177 5 0.0122 0.8605 3.351 0.9 1.3 
14.70 0.1703 0.0116 0.8589 3.328 0.9 1.3 
14.80 0.1630 0.0110 0.8573 3.306 0.8 1.3 
14.90 0.1555 0.0104 0.8556 3.284 0.8 1.3 
15.00 0.1477 0.0098 0.8539 3.262 0.7 1.3 
15.10 0.1395 0.0092 0.8520 3.240 0.7 1.2 
15.20 0.1303 0.0086 0.8501 3.219 0.6 1.2 
15.30 0.1205 0.0079 0.8481 3.198 0.5 1.2 
15.40 0.1102 0.0072 0.8462 3.177 0.5 1.2 
15.50 0.0995 0.0064 0.8442 3.157 0.4 , 1.2 
15.60 0.0882 0.0057 0.8422 3.136 0.4 1.2 
15.70 0.0768 0.0049 0.8402 3.116 0.3 1.1 
15.80 0.0652 0.0041 0.8381 3.097 0.3 1.1 
15.90 0.0534 0.0034 0.8361 3.077 0.2 1.1 
16.00 0.0415 0.0026 0.8340 3.058 0.2 1.1 
16.10 0.0294 0.0018 0.8318 3.039 0.1 1.1 N 

-..J 16.20 0.0171 0.0011 0.8297 3.020 0.1 1.1 
16.30 0.0047 0.0003 0.8275 3.002 0.0 1.0 
16.40 -.0079 -.0005 0.8253 2.983 -0.0 1.0 

II Er fs o maa] geen ~onvergentie berefkt. 
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1/ Plt~hho€'k -2.0 gradE'n. li .. /V Ud:>':U U.UI"~ U.,fUU llf.IStSIf 1S~:Ij. " ':II.L 

# Vlt€'rna & Corrigan korr .. krle. 4.80 0.3605 0.0751 0.5841 14.573 858.8 95.5 
If SJankhE'ld - 18.2 4.90 0.3684 0.0752 0.5978 14.276 825.1 93.8 
# Her gebrulkte profj~] j s NACA 4418 5.00 0.3756 0.0751 0.6112 13.991 791.6 92.1 
II De strae] van dE' rotor j s 20. 000 mHE'r. 5.10 0.3820 0.0749 0.6243 13.716 758.7 90.4 
# DE' rotor hepfr 3 b'adi'n. 5.20 0.3880 0.0746 0.6373 . 13.452 726.9 88.8 
# HE't toerental bE'draagt 33.4 topren p"r minvLlt. ~.30 0.3936 0.0743 0.6502 13.199 696.6 87.2 
II BIj dE' berE'kenjagen wordt lambda telke-os met 0 .. 1 opgehoogd. 5.1,0 0.3992 0.0739 0.6631 12.954 667.9 85.7 

5.50 0.4045 0.0735 0.6761 12.719 640.5 84.2 
ncp- ,Cq- EN Ct-Jambda-karaktprlstieken voor dez" rotor: 5.60 0.4093 0.0131 0.6892 12.492 614.0 82.8 

5.70 0.4132 0.0725 0.7010 12.272 587.8 81.3 
Lambda Cp Cq Ct V P(8E'TO) T{aE'ro) 5.80 0.4167 0.0718 0.7124 12.061 562.7 79.8 

(m/s) (kW) (kN) 5.90 0.4198 0.0712 0.7235 11. 856 538.6 78.3 
6.00 0.4227 0.0705 0.7345 I!. 659 515.7 76.8 

0.10 0.0002 0.0018 0.0835 699.528 48144.5 31440.1 6.10 0.4253 0.0697 0.7453 11.468 493.7 75.4 
0.10 0.0002 0.0018 0.0835 699.528 48144.5 31440.1 6.20 0.4275 0.0689 0.7558 11..283 472.6 74.1 
0.20 0.0005 0.0025 0.0837 349.764 16721.4 7883.6 6.30 0.4293 0.0681 0.7660 11.104 452.4 72.7 
0.30 0.0008 0.0028 0.0842 233.176 8216.3 3523.3 6.40 0.4309 0.0673 0.7761 10.930 433.1 71.4 
0.40 0.0013 0.0032 0.0850 174.882 5209.8 2001. 8 6.50 0.4323 0.0665 0.7861 10.762 414.7 70.1 
0.50 0.0018 0.0036 0.0862 139.906 3807.6 1298.4 6.60 0.4333 0.0657 0.7959 10.599 397.1 68.8 
0.60 0.0025 0.0042 0.0877 116.588 3040.4 917.2 6.10 0.4339 0.0648 0.8056 10.441 380.1 67.6 
0.70 0.0034 0.0048 0.0895 99.933 2575.0 688.0 6.80 0.4343 0.0639 0.8153 10.287 363.9 66.4 
0.80 0.0044 0.0055 0.0917 87.441 2271. 5 539.8 6.90 0.4343 0.0629 0.8249 10.138 348.3 65.3 
0.90 0.0057 0.0063 0.0943 77.725 2061.9 438.5 7.00 0.4342 0.0620 0.8345 9.993 333.5 64.1 
l.00 0.0073 0.0073 0.0973 69.953 1910.8 366.5 7.10 0.4338 0.0611 0.8445 9.853 319.3 63.1 
1.10 0.0091 0.0083 0.1007 63.593 1799.3 313.5 7.20 0.4327 0.0601 0.8543 9.716 305.5 62.1 
1.20 0.0112 0.0094 0.1045 58.294 1713.6 273.4 7.30 0.4313 0.0591 0.8629 9.583 292.1 61.0 
1.30 0.0137 0.0106 0.1088 53.810 1647.0 242.4 7.40 0.4296 0.0580 0.8713 9.453 279.3 59.9 
1.40 0.0166 0.0119 0.1135 49.966 1594. 1 218.2 7.50 0.4275 0.0570 0.8795 9.327 267.0 58.9 
1.50 0.0199 0.0133 0.1188 46.635 1551.9 198.8 7.60 0.4251 0.0559 0.8875 9.204 255.1 57.9 
1.60 0.0236 0.0147 O. 1245 43.720 1516.6 183.2 7.70 0.4224 0.0549 0.8952 9.085 243.8 56.9 
1.70 0.0277 0.0163 0.1308 41. 149 1487.7 170.5 7.80 0.4192 0.0537 0.9027 8.968 232.7 55.9 
1.80 0.0324 0.0180 0.1377 38.863 1464.1 160.0 7.90 0.4156 0.0526 0.9100 8.855 222.1 54.9 
1.90 0.0376 0.0198 0.1451 36.817 1443.5 151. 4 B.OO 0.4115 0.0514 0.9170 8.744 211.8 54.0 
2.00 0.0433 0.0217 O. J 532 34.976 1426.7 144.3 8.10 0.4070 0.0503 0.9238 8.636 201.8 53.0 
2.10 0.0497 0.0236 0.1620 33.311 1412.8 138.4 8.20 0.4022 0.0490 0.9304 8.531 192.2 52.1 
2.20 0,0566 0.0257 0.1715 31.797 1400.3 133.4 8.30 0.3969 0.0478 0.9367 8.428 182.9 51.2 
2.30 0.0642 0.0279 0.1816 30.414 1389.1 129.3 8.40 0.3911 0.0466 0.9428 8.328 173.9 50.3 
2.40 0.0724 0.0302 0.1925 29.147 1380.0 125.9 8.50 0.3850 0.0453 0.9486 8.230 165.2 49.5 
2.50 0.0814 0.0326 0.2043 27.981 1372.2 123.1 8.60 0.3783 0.04/,0 0.9541 8.134 156.7 48.6 
2.60 0.0911 0.0350 0.2169 26.905 1365.3 120.9 8.70 0.3710 0.0426 0.9591 8.041 148.4 47.7 
2.70 0.1015 0.0376 0.2304 25.908 1359.1 119.1 8.80 0.3631 0.0413 0.9638 7.949 140.4 46.9 
2.80 0.1128 0.0403 0.2450 24.983 1354.1 117.7 8.90 0.3545 0.0398 0.9680 7.860 132.5 46.0 
2.90 0.1249 0.0431 0.2604 24.122 1349.5 116.6 9.00 0.3452 0.0384 0.9716 7.773 124.7 45.2 
3.00 o.nn 0.0459 0.2771 23.318 1343.3 116.0 9; 10 0.3348 0.0368 0.9745 7.687 117.0 44.3 
3.10 0.1510 0.0487 0.2950 22.565 1335.2 115.6 9.20 0.3232 0.0351 0.9765 7.604 109.4 43.5 
3.20 0.1641 0.0515 0.3139 21. 860 1324.1 ll5.5 9.30 0.3098 0.0333 0.9770 7.522 101.5 42.5 
3.30 0.1785 0.0541 0.3322 21. 198 1308.6 114.9 9.40 0.2924 0.0311 0.9743 7.442 92.8 41.5 
3.40 0.1923 0.0566 0.3505 20.574 1289.3 114.2 9.50 0.2379 0.0250 0.9227 7.363 73.1 38.5 
3.50 0.2065 0.0590 0.3691 19.987 1269.0 113.5 9.60 0.1618 0.0169 0.8359 7.287 48.2 34.2 
3.60 0.2206 0.0613 0.3872 19.431 1245.7 112.5 9.70 0.1426 0.0147 0.8313 7.212 41.2 33.3 
3.70 0.2348 0.0635 0.4056 18.906 1221. 2 111.6 9.80 0.1347 0.0137 0.8354 7.138 37.7 32.8 
3.80 0.2490 0.0655 0.4238 18.409 1195.7 110.6 9.90 0.1268 0.0128 0.8394 7.066 34.4 32.3 
3.90 0.2628 0.0674 0.4415 17.937 1167.4 109.3 10.00 0.1009 0.0101 0.8220 6.995 26.6 31.0 
4.00 0.2768 0.0692 0.4596 17.488 1139.4 108.2 10.10 0.0830 0.0082 0.8144 6.926 21. 2 30.1 
4.10 0.2897 0.0707 0.4770 17.062 lI07.4 106.9 10.20 0.0389 0.0038 0.7377 6.858 9.7 26.7 
4.20 0.3021 0.0719 0.4934 16.655 1074.4 105.4 10.30 0.0321 0.0031 0.7430 6.792 7.7 26.4 
4.30 0.3137 0.0729 0.5091 16.268 1039.5 103.7 10.40 0.0228 0.0022 0.7284 6.726 5.3 25.4 w 

+:-
4.40 0.3241 0.0737 0.5246 15.898 1002.6 102.1 10. SO 0.0160 0.0015 0.7322 6.662 3.6 25.0 . 
4.50 0.3336 0.0741 0.5395 15 .• 545 964.6 100.4 10.60 0.0128 0.0012 0.7280 6.599 2.8 24.4 
4.60 0.3431 0.0746 0.5548 15.207 928.8 98.8 10.70 0.0049 0.0005 0.7320 6.538 1.1 24.1 

10.80 -.0057 -.0005 0.7432 6.477 -1.2 24.0 



4.60 0.3353 0.0729 0.4976 15.207 907.7 38.6 
# NumE'rl E'kE' ul tkoms toen "an df' bf'rE'kl?ni ngf'n aan d .. NIBE B moJen. 4.70 0.3419 0.0728 0.5081 14.884 867.8 86.6 
# PltC'hhoek 1.0 gradl?n. 4.80 0.3482 0.0725 0.5183 14.573 829.6 84.7 
# VitE'rna & Corrigan Korrekrj". 4.90 0.3541 0.0723 0.5283 14.276 793.1 82.9 
# 51 ankhE'id = 18.2 S.OO 0.3596 0.0719 0;5379 13.991 757.8 8l.0 
# KE'r gE'bruikrE' profl"l 1s NACA 4418 5.10 0.3648 0.0715 0.5477 13.716 724.5 79.3 
II Dt' straa] van dE' rotor j s 20.000 mf'r<>T. 5.20 0.')695 0.0711 0.5573 13.452 692.4 77 .6 
# DE' rotor heE'fr 3 bJaden. 5,30 0.3739 0.0705 0.5660 13.199 661.7 75.9 
ff H"r tOE'rE'ntal bE'draa"r 33.4 toer<'n per mjnuut. 5.40 0.3782 0.0700 0.5745 12.954 632.8 74.2 
# Bi j dE' b",rek"nl ngen wordt lambda rE'lkE'ns mE'r 0.1 opgehoogd. 5.50 0.3824 0.0695 0.5830 12.719 605.6 72.6 

5.60 0.3863 0.0690 0.5912 12.492 579.5 71.0 
$Cp- .Cq- EN Ct-J8mbda-k8rakterlstj~kpn voor dE'ze rotor: 5.70 0.3897 0.0684 0.5992 12.272 554.5 69.S 

5.80 0.3930 0.0678 0.6071 12.061 530.7 68.0 
Lambda Cp Cq Ct V P(sera) T(aeoro) 5.90 0.3960 0.0671 0.6147 11.856 508.0 66.S 

(m/s) (kW) (kN) 6.00 0.3988 0.0665 0.6222 11. 659 486.5 65.1 
6.10 0.4015 0.0658 0.6296 11.468 466.0 63.7 

0.10 0.0005 0.0046 0.0824 699.528 120878.8 31042.3 6.20 0.4039 0.0651 0.6369 11. 283 446.5 62.4 
0.10 0.0005 0.0046 0.0824 699.528 120878.8 31042.3 6.30 0.4062 0.0645 0.6442 11. 104 428.1 61.1 
0.20 0.0010 0.0048 0.0825 349.764 31819.4 7765.7 6.40 0.4085 0.0638 0.6515 10.930 410.6 59.9 
0.30 0.0016 0.0052 0.0828 233.176 15141.6 3465.5 6.50 0.4107 0.0632 0.6587 10.762 394.0 58.7 
0.40 0.0022 0.0056 0.0835 174.882 9258.2 1965.3 6.60 0.4128 0.0625 0.6662 10.599 378.3 57.6 
0.50 0.0031 0.0062 0.0845 139.906 6508.1 1273.1 6.70 0.4146 0.0619 0.6738 10.441 363.2 56.5 
0.60 0.0041 0.0068 0.0859 116.588 5000.9 898.2 6.80 0.4161 0.0612 0.6809 10.287 348.6 55.5 
0.70 0.0053 0.0076 0.0876 99.933 4085.1 673.1 6.90 0.4172 0.0605 0.6873 10.138 334.6 54.4 
0.80 0.0068 0.0085 0.0896 87.441 3485.4 527.6 7.00 0.4182 0.0597 0.6937 9.993 321.2 53.3 
0.90 0.0085 0.0094 0.0921 77.725 3072.3 428.4 7.10 0.4189 0.0590 0.6998 9.853 308.4 52.3 
1.00 0.0105 0.0105 0.0950 69.953 2775.7 357.9 7.20 0.4195 0.0583 0.7059 9.716 296.1 51.3 
1.10 0.0129 0.0117 0.0983 63.593 2554.3 306.1 7.30 0.4199 0.0575 0.7118 9.583 284.4 50.3 
1.20 0.0157 0.0130 0.1021 58.294 2386.4 267.2 7.40 0.4202 0.0568 0.7175 9.453 273.2 49.3 
1.30 0.0188 0.0145 0.1064 53.810 2255.5 237.2 7.50 0.4203 0.0560 0.7231 9.327 262.5 48.4 
1.40 0.0224 0.0160 0.1112 49.966 2151. 2 213.6 7. 60 0.4202 0.0553 0.7286 9.204 252.2 47.5 
1.50 0.0265 0.0177 0.1165 46.635 2067.8 195.0 7.70 0.4201 0.0546 0.7341 9.085 242.4 46.6 
L60 0.0311 0.0194 0.1224 43.720 2000.6 180.1 7.80 0.4197 0.0538 0.7394 8.968 233.0 45.8 
1.70 0.0363 0.0213 0.1289 41.149 1944.3 168.0 7.90 0.4193 0.0531 0.7447 8.855 224.1 44.9 
1.80 0.0420 0.0234 0.1361 38.863 1898.8 158.2 8.00 0.4188 0.0523 ·0.7499 8.744 215.5 44.1 
1.90 0.0485 0.0255 0.1439 36.817 1861.1 150.2 8.10 0.4181 0.0516 0.7550 8.636 207.3 43.3 
2.00 0.0555 0.0278 0.1525 34.976 1828.1 143.6 8.20 0.4171 0.0509 0.7600 8.531 199.3 42.6 
2.10 0.0633 0.0302 0.1618 33.311 1801.7 138.2 8.30 0.4160 0.0501 0.7649 8.428 191. 7 41.8 
2.20 0.0719 0.0327 0.1720 31. 797 1.779.6 133.9 8.40 0.4146 0.0494 0.7696 8.328 184.3 41.1 
2.30 0.0813 0.0353 0.1831 30.414 1760.5 130.3 8.50 0.4131 0.0486 0.7743 8.230 177.2 40.4 
2.40 0.0916 0.0382 0.1951 29.147 1745.1 127.6 8.60 0.4115 0.0478 0.7788 8.134 170.4 39.7 
2.50 0.1027 0.0411 0.2082 27.981 1732.1 '125.5 8.70 0.4096 0.0471 0.7833 8.041 163.9 39.0 
2.60 0.1l47 0.0441 0.2224 26.905 1718.9 123.9 8.80 0.4076 0.0463 0.7877 7.949 157.6 38.3 
2.70 0.1273 0.0471 0.2378 25.908 1703.9 122.9 8.90 0.4056 0.0456 0.7920 7.860 151.6 37.7 
2.80 0.1403 0.0501 0.2537 24.983 1684.5 121.9 9.00 0.4033 0.0448 0.7962 7.773 145.8 37.0 
2.90 0.1537 0.0530 0.2696 24.122 1659.9 120.7 9.10 0.4010 0.0441 0.8004 7.687 140.2 36.4 
3.00 0.1669 0.0556 0.2851 23.318 1628.8 119.3 9.20 0.3984 0.0433 0.8044 7.604 134.8 35.8 
3.10 0.1806 0.0582 0.3011 22.565 1596.8 118.0 9.30 0.3958 0.0426 0.8084 7.522 129.6 35.2 
3.20 0.1942 0.0607 0.3166 21. 860 1561.5 116.5 9.40 0.3930 0.0418 0.8124 7.442 124.7 34.6 
3.30 0.2078 0.0630 0.3324 21.198 1523.2 115.0 9.50 0.3900 0.0411 0.8162 7.363 119.9 34.1 
3.40 0.2211 0.0650 0.3477 20.574 1482.3 113.3 9.60 0.3869 0.0403 0.8199 7.287 115.2 33.5 
3.50 0.2340 0.0668 0.3623 19.987 1437.6 111.4 9.70 0.3836 0.0395 0.8236 7.212 110.1 33.0 
3.60 0.2463 0.0684 0.3766 19.431 1390.9 109.4 9.80 0.3802 0.0388 0.8271 7.138 106.4 32.4 
3.70 0.2576 0.0696 0.3907 18.906 1340.0 107.S 9.90 0.3766 0.0380 0.8307 7.066 102.3 31.9 
3.80 0.2680 0.0705 0.4037 18.409 1286.7 105.3 10.00 0.3730 0.0373 0.8341 6.995 98.3 31.4 w 
3.90 0.2780 0.0713 0.4163 17.937 1234.8- 103.1 10.10 0.3691 0.0365 0.8375 6.926 94.4 30.9 \.n 
4.00 0.2877 0.0719 0.4288 17 .488 1184.4 100.9 10.20 0.3652 0.0358 0.8407 6.858 90.7 30.4 
4.10 0.2975 0.0726 0.4413 17. 062 1137.2 98.9 10.30 0.3610 0.0351 0.8440 6.792 87.1 30.0 
4.20 0.3060 0.0729 0.4535 16.655 1088.2 96.8 10.40 0.3568 0.0343 0.8471 6.726 83.6 29.5 
4.30 0.3141 0.0731 0.4656 16.268 104t.0 94.8 10.50 0.3523 0.0336 0.8501 6.662 80.2 29.0 
4.40 0.3214 0.0730 0.4763 15.898 994.1 92.7 10.60 0.3476 0.0328 0.8531 6.599 76.9 28.6 
4.50 0.3286 0.0730 0.4870 15.545 950.1 90.6 10.70 0.3427 0.0320 0.8559 6.538 73.7 28.2 



10.80 0.3377 0.03i3 0.8587 6.477 70.6 27.7 
10.90 0.3324 0.0305 0.8614 6.418 67.6 27.3 
11.00 0.3270 0.0297 0.8640 6.359 64.7 26.9 
11. 10 0.3214 0.0290 0.8665 6.302 61.9 26.5 
11.20 0.3155 0.0282 0.B689 6.246 59.2 26.1 
11.30 0.3095 0.0274 0.8712 6.191 56.5 25.7 
11.40 0.3032 0.0266 0.8734 6.136 53.9 25.3 
11.50 0.2969 0.0258 0.8755 6.083 51.4 24.9 
11.60 0.2903 0.0250 0.8776 6.030 49.0 24.6 
ll. '10 0.2836 0.0242 0.8795 5.979 46.6 24.2 

. 11. 80 0.2766 0.0234 0.8814 5.928 44.4 23.8 
11.90 0.2694 0.0226 0.8831 5.878 42.1 23.5 
12.00 0.2620 0.0218 0.8847 5.829 39.9 23.1 
12.10 0.2543 0.0210 0.8862 5.781 37.8 22.8 
12.20 0.2465 0.0202 0.8875 5.734 35.8 22.5 
12.30 0.2384 0.0194 0.8887 5.687 33.8 22.1 
12.40 0.2301 0.0186 0.8898 5.641 31.8 21.B 
12.50 0.2215 0.0177 0.8907 5.596 29.9 21.5 
12.60 0.2126 0.0169 0.8914 5.552 28.0 21.1 
12.70 0.2033 0.0160 0.8918 5.508 26.2 20.8 
12.80 0.1937 0.0151 0.8920 5.465 24.3 20.5 
12.90 0.1837 0.0142 0.8918 5.423 22.5 20,2 
13.00 0.1727 0.0133 0.8910 5.381 20.7 19.9 
13.10 0.1525 0.0116 0.B803 5.340 17.9 19.3 
13.20 0.1417 0.0107 0.8797 5.299 16.2 19.0 
13.30 0.1246 0.0094 0.8725 5.260 14.0 18.6 
13.40 0.1155 0.0086 0.8737 5.220 12.6 18.3 
13.50 0.1060 0.0079 0.874- 5.182 11.4 IB.l 
13.60 0.0963 0.0071 0.875~ 5.144 10.1 17.8 
13.70 0.0864 0.0063 0.8759 5.106 8.9 17.6 
13.80 0.0635 0.0046 0.8530 5.069 6.4 16.9 
13.90 0.0255 0.0018 0.8002 5.033 2.5 15.6 
14.00 0.0206 0.0015 0.8060 4.997 2.0 15.5 
14.10 0.0105 0.0007 0.8064 4.961 1.0 15.3 
14.20 0.0001 0.0000 0.8066 4.926 0.0 15. I 
14.30 -.0107 -.0007 0.8064 4.892 -1.0 14.9 

# Er is o maa! gp~n ~onv~rg~ntip bprelkt. 



II NUUil:'rjek~ ... ,j tkQ\litiL.1tl van Je bt?rf'kerd.ng~n aan d~ NIBE 8 moJe!l. 
I Pjtrhho~k -0.5 gradpn. 
, V1t~rna & Corrigan korr~kr1p. 
# Slankh@ld * 18.2 
# Apt g"brulkt .. prof!,,·] 1s NACA 44 8 
# DE' atrasJ van dE' rotor is 20.000 mf'tf'r. 
# DP rotor h~f'ft 3 bJadpn. 
/I Hf't to~r~ntaJ bE'draagt 33.4 tOf'r€'n per minuut. 
# Bij d€' ~r .. k~ningE'n wordt lambda tE'lkE'oS m€'t 1.2 opgphoogd. 

#Cp- ,Cq- EN Ct-Jambda-karakteristfekpn veer dE'zP rotor! 

Lambda 

0.10 
1.17 
2.33 
3.50 
4.66 
5.83 
7.00 
8.16 
9.33 

10.49 
11.66 
12.83 

II Er is 

Cp 

0.0003 
0.0126 
0.0755 
0.2223 
0.3476 
0.4092 
0.4329 
0.4241 
0.3846 
0.3044 
0.0994 
-.0207 

Cq 

0.0035 
0.0108 
0.0324 
0.0635 
0.0745 
0.0702 
0.0619 
0.0520 
0.0412 
0.0290 
0.0085 
-.0016 

Ct 

0.0830 
0.1020 
0.1857 
0.3677 
0.5362 
0.6639 
0.7672 
0.8492 
0.9141 
0.9544 
0.8370 
0.7838 

v 
( m/s) 

699.528 
59.994 
29.997 
19.998 
14.998 
11.999 
9.999 
8.571 
7.499 
6.666 
5.999 
5.454 

P(aE'TO) 
(kl<) 

91559.7 
2091. 1 
1569.2 
1368.3 
902.7 
544.1 
333.1 
205.5 
124.9 
69.4 
16.5 
-2.6 

T(aero) 
(kN) 

31260.3 
282.6 
128.6 
113.2 
92.8 
73.6 
59.0 
48.0 
39.6 
32.6 
23.2 
17.9 

# NumeriekE' uitkomsten van dp berekeningen aan dE' NI8E B molen. 
1/ Pitchhoek 0.7 graden. 
# VitE'rna & Corrigan korr~ktje. 
# Slankh€'ld m 18.2 
H H~t g~bruikte profi€'l is NACA 4418 
, DE' strasl van de rotor is 20.000 met~r. 
# De rotor hE'eft 3 bladen. 
# Het to~rf'ntaJ b~draagt 33.4 toeren per mlnuut. 
# Bij de berekenjngE'n ~ordt lambda t€'Jk~ns m€'t 1.1 opgE'hoogd. 

#Cp- ,Cq- EN Ct-Jambda-karakteristieken voor d~ze rotor: 

Lambda 

0.10 
1.12 
2.24 
3.36 
4.48 
5.60 
6.72 
7.84 
8.96 

10.08 
11.20 
12.32 
13.44 
14.56 

If Er 18 

Cp 

0.0004 
0.0130 
0.0739 
0.2136 
0.3287 
0.3896 
0.4188 
0.4231 
0.4064 
0.3691 
0.3099 
0.2203 
0.0538 
-.0714 

Cq 

0.0044 
0.0116 
0.0330 
0.0636 
0.0734 
0.0696 
0.0623 
0.0540 
0.0454 
0.0366 
0.0277 
0.0179 
0.0040 
-.0049 

Ct 

0 •. 0825 
0.0993 
0.1762 
0.3426 
0.4908 
0.6014 
0.6890 
0.7595 
0.8161 
0.8613 
0.8949 
0.9113 
0.8278 
0.7520 

v 
(m/s) 

699.528 
62.458 
31.229 
20.819 
15.614 
12.492 
10.410 
8.923 
7.807 
6.940 
6.246 
5.678 
5.205 
4.804 

1 maal geen convergenti€' berE'lkt. 

P(aero) 
(kW) 

115013.4 
2444.] 
1733.5 
1483.9 

963.3 
584.5 
363.6 
231.3 
148.9 
94.9 
58.1 
31.0 

5.8 
-6.1 

T(aE'ro) 
(kN) 

31088.7 
298.2 
132.2 
114.3 
92.1 
72.2 
57.5 
46.5 
38.3 
31.9 
26.9 
22.6 
17.3 
13.4 

H Pltchho€'k 1.2 graden. 
H Vjt~rna & Corrigan korrekti~. 
~ Slankh~jd 18.2 
# Her gE'brulkte prof!el is NACA 4418 
# De straaJ van de rotor is 20.000 mpter. 
# De rotor hpeft 3 bladen. 
U Het t~er~ntal b€'draagt 33.4 toeren PE'r mlnuut. 
H Bjj de bprekeningpn wordt lambda tE'Jkens mE't 1.1 opgehoogd. 

UCp- ,Cq- EN Ct-lambda-karakt€'riatieken voor dE'z€' rotor: 

Lambda 

0.10 
1.10 
2.20 
3.31 
4.41 
5.51 
6.61 
7.71 
8.82 
9.92 

11.02 
12. 12 
13.22 
14.33 
15.43 

1/ Er is 

Cp Cq Ct v 
(m/s) 

0.0005 0.0047 0.0823 699.528 
0.0132 0.0120 0.0983 63.478 
0.0733 0.0333 0.1725 31.739 
0.2101 0.0636 0.3330 21.159 
0.3209 0.0728 0.4734 15.870 
0.3806 0.0691 0.5771 12.696 
0.4103 0.0621 0.6580 10.580 
0.4172 0.0541 0.7230 9.068 
0.4050 0.0459 0.7740 7.935 
0.3751 0.0378 0.8147 7.053 
0.3269 0.0297 0.8461 6.348 
0.2577 0.0213 0.8677 5.771 
0.1638 0.0124 0.8764 5.290 
0.0259 0.0018 0.8404 4.883 
-.1093 -.0071 0.7547 4.534 

1 maa] ge~n convprgpntiE' berelkt. 

P(al?ro) 
(kW) 

124789.9 
2600.3 
1804.4 
1532.3 
987.2 
599.4 
374.0 
239.5 
155.7 
101.3 
64.4 
38.1 
18.7 
2.3 

-7.8 

T(sE'ro) 
(kN) 

31010.9 
304.7 
133.8 
114.8 
91.8 
71.6 
56.7 
45.8 
37.5 
31.2 
26.2 
22.2 
18.9 
15.4 
11.9 

H NUIDPriek€' ujtkomst~n Van de berekpnlngen san dp NIBE B molen. 
# P!t~hhoek 2.0 gradE'n. 
# Vitprna & Corrigan korrektiE'. * Slankheid * 18.2 
# Her gebruikte profipJ is NACA 4418 
H De straa] van dp rotor is 20.000 mptpr. 
# Dp rotor hpE'ft 3 bladen. 
# HE't tOE'rental bpdraagt 33.4 toeren p~T minuut. 
# Blj dE' bE'rekenlngen wordt lambda tE']kE'ns met 1.1 opgehoogd. 

#Cp- ,Cq- EN Ct-Jambda-karaktE'rJstjE'ken voor dezE' rotor! 

Lambda 

0.10 
1.08 
2.15 
3.23 
4.30 
5.38 
6.46 
7.53 
8.61 
9.68 

10.76 
11.84 
12.91 
13.99 
15.06 

/I Er is 

Cp 

0.0005 
0.0135 
0.0726 
0.2050 
0.3090 
0.3655 
0.3947 
0.4035 
0.3944 
0.3703 
0.3302 
0.2737 
0.2006 
0.1094 
-.0034 

Cq 

0.0053 
0.0126 
0.0338 
0.0635 
0.0718 
0.0679 
0.0611 
0.0536 
0.0458 
0.0382 
0.0307 
0.0231 
0.0155 
0.0078 
-.0002 

Ct 

0.0820 
0.0967 
0.1673 
0.3190 
0.4477 
0.5407 
0.6114 
0.6669 
0.7077 
0.7389 
0.7618 
0.7772 
0.7858 
0.7874 
0.7809 

v 
(m/s) 

699.528 
65.012 
32.506 
21.671 
16.253 
13.002 
10.835 
9.287 
8.126 
7.224 
6.501 
5.910 
5.418 
5.001 
4.644 

o maa] geE'n ~onvergentje bPTPikt. 

P(sero} 
(kW) 

140436.8 
2858.1 
1920.3 
1606.1 
1021.1 
618.5 
386.5 
248.8 
162.9 
107.4 
69.8 
43.5 
24.5 
10.5 
-0.3 

T(aero) 
(kN) 

30879.5 
314.5 
136.1 
115.3 
91.0 
70.4 
55.2 
44.3 
36.0 
29.7 
24.8 
20.9 
17.8 
15.2 
13.0 



'P1rrhhu~k ~.~ h~~6~u. 
, Vlr~ra8 & Corrigan korrpkrlp. 
I Slaakheld 0 18.2 
, Her g.brulkte profle) Is NACA 4418 
I DE> srraa! van d .. rotor j s 20. 000 met"r. 
# DE> rotor h.f'fr 3 bl ad .. ". 
# Her toer .. ntaJ bedraagt 33.4 topr.n per wlnuur. 
# Blj de berekenlngen wordt lambda tel kens met 1.0 opgehoogd. 

HCp- ,Cq- EN Ct-]ambda-karakterlstleken voor deze rotor: 

Lambda 

0.10 
1.04 
2.07 
3.11 
4.14 
5.18 
6.22 
7.25 
8.29 
9.32 

10.36 
11.40 
12.43 
13.47 

It Er Is 

Cp 

0.0007 
0.0151 
0.0761 
0.1989 
0.2811 
0.3240 
0.3432 
0.3423 
0.3249 
0.2908 
0.2411 
0.1754 
0.0905 
-.0139 

Cq 

0.0070 
0.0145 
0.0367 
0.0640 
0.0678 
0.0625 
0.C552 
0.0472 
0.0392 
0.0312 
0.0233 
0.0154 
0.0073 
-.0010 

Cr 

0.0808 
0.0933 
0.1600 
0 •. 2922 
0.3901 
0.4544 
0.4972 
0.5207 
0.5288 
0.5254 
0.5121 
0.4900 
0.4592 
0.4205 

v 
(m/s) 

699.528 
67.522 
33.761 
22.507 
16.881 
13.504 
11. 254 
9.646 
8.440 
7.502 
6.752 
6.138 
5.627 
5.194 

o maa] geen ~onvergentle bereikt. 

P(a .. ro) 
(kW) 

185384.6 
3571.7 
2255.0 
1745.9 
1040.7 
614.2 
376.5 
236.5 
150.3 
94.5 
57.1 
31. 2 
12.4 
-1. 5 

T(a~ro) 
(kN) 

30428.2 
327.4 
140.4 
113.9 
85.6 
63.8 
48.5 
37.3 
29.0 
22.8 
18.0 
14.2 
11.2 
8.7 

# Numer1ek .. u1tkomsten van de bt'rekeningen aan de NIBE B mo]t'n. 
# Pitchhoek 5.9 grad"n. 
1/ VH!'rna & Corrigan korr"kti ... 
# S)ankh .. ld R 18.2 
# ript g~bTuikte profi .. ) is NACA 4418 
# De strsal van de rotor 1s 20.000 meter. 
H De rotor h .. eft 3 b)ad .. n. 
# Het to!'rE?ntal bedraagt 33.4 tOE'rer, pE'r minuut. 
I Bij dE' berekE'n1ngE'a wordt lambda t.Jk"ns met 1.0 opgE'hoogd. 

#Cp- ,Cq- EN Ct-Jambda-karaktpristieken voor d"zE' rotor: 

Lambda 

0.10 
0.99 
1.98 
2.98 
3.97 
4.96 
5.95 
6.94 
7.94 
8.93 
9.92 

10.91 
11.90 

1/ Er is 

Cp 

0.0008 
0.0155 
0.0746 
0.1869 
0.2570 
0.2910 
0.3015 
0.2906 

.0.2613 
0.2141 
0.1494 
0.0640 
-.0428 

Cq 

0.0082 
0.0156 
0.0376 
0.0628 
0.0648 
0.0587 
0.0506 
0.0418 
0.0329 
0.0240 
0.0151 
0.0059 
-.0036 

Ct 

·0.0798 
0.0904 
0.1517 
0.2684 
0.3483 
0.3959 
0.4207 
0.4248 
0.4118 
0.3856 
0.3477 
0.2984 
0.2385 

v 
(m/s) 

699.528 
70.517 
35.258 
23.506 
17.629 
14.103 
11. 753 
10.074 
8.815 
7.835 
7.052 
6.411 
5.876 

o maal ge .. n convergentj" bE'TE'lkt. 

P(aE'To) 
(kW) 

216550.0 
4182.6 
2518.2 
1868.6 
1083.6 

028.4 
376.7 
228.7 
137.7 
79.3 
40.3 
13.0 
-6.7 

T(a~ro) 

(kN) 

30065.2 
346.2 
145.1 
114.1 
83.3 
60.6 
44.7 
33.2 
24.6 
18.2 
13.3 
9.4 
6.3 

~ YltrnnoeK I.~ gra«pu. 
# Vjterna & Corr1gan korrektl ... 
# SJankheid - 18.2 
# H .. t g~brujkt~ profle] is NACA 4418 
H Dp stTsal van de rotor is 20.000 meter. 
if D .. rotor hE'eft 3 bledl'n. 
# H .. t toerenta] b .. draagt 33.4 to~ren ~r mlnuut. 
1/ Blj de berpken1ngen wordt lambda tt'lkens m .. t 1.0 opgt'hoogd. 

HCp- ,Cq- EN Ct-Jambda-karakt~rfstieken voor dpze rotor: 

Lambda 

0.10 
0.96 
1.93 
2.89 
3.86 
4.82 
5.78 
6.75 
7.71 
8.68 
9.64 

10.60 
II Er j s 

Cp 

0.0009 
0.0161 
0.0749 
0.1788 
0.2382 
0.2630 
0.2632 
0.2413 
0.1977 
0.1349 
0.0489 
-.0600 

Cq 

0.0092 
0.0166 
0.0389 
0.0618 
0.0618 
0.0546 
0.0455 
0.0358 
0.0256 
0.0155 
0.0051 
-.0057 

Ct 

0.0789 
0.0883 
0.1466 
0.2515 
0.3172 
0.3507 
0.3603 
0.3477 
0.3165 
0.2707 
0.2107 
0.1377 

v 
(m/s) 

699.528 
72 .565 
36.283 
24.188 
18.141 
14.513 
12.094 
10.366 

9.071 
8.063 
7.257 
6.597 

o maa] g~"n convergentle bE'rE'ikr. 

P(seTo) 
(kW) 

243661.1 
4720.4 
2753.8 
1947.3 
1094.5 

618.8 
358.4 
206.9 
113.6 
54.4 
14.4 

-13.2 

T(a .. ro) 
(kN) 

29714.4 
357.7 
148.6 
113.3 

80.3 
56.9 
40.6 
28.8 
20.0 
13.5 
8.5 
4.6 

# Numerleke ultkomstpn van d" berekeningen aan de NIBE B mol .. n. 
# Pitchhoek 8.8 grad~n. 
1/ V1terna & Corrigan korrektje. 
# Slankheid = 18.2 
1/ Het gebrU1kte profle] is NACA 4418 
1/ De atraal van de rotor 1s 20.000 meter. 
U De rotor he .. ft :3 bladen. 
U Het toerentaJ bedraagt 33.4 to .. ren per mlnuut. 
# Bij de berekenlngen wordt lambda te]kens met 0.9 opgehoogd. 

#Cp- ,Cq- EN Ct-]ambda-karakrer1stieken voor deze rotor: 

Lambda 

0.10 
0.93 
1.86 
2.80 
3.73 
4.66 
5.59 
6.52 
7.46 
8.39 
9.32 

1/ Er is 

Cp 

0.0010 
0.0165 
0.0743 
0.1689 
0.2179 
0.2336 
0.2229 
0.1874 
0.1293 
0.0465 
-.0610 

Cq 

0.0103 
0.0177 
0.0399 
0.0604 
0.0585 
0.0501 
0.0399 
0.0287 
0.0173 
0.0055 
-.0065 

Ct 

0.0778 
0.0859 
0.1409 
0.2337 
0.2857 
0.3061 
0.3009 
0.2719 
0.2236 
0.1583 
0.0774 

V 
(m/s) 

699.528 
75.057 
37.528 
25.019 
18.764 
IS.0ll 
12.509 
10.722 
9.382 
8.340 
1.506 

o maa] geen conveTg!'nt1" bereikt. 

P(aeoro) 
(kW) 

272466.2 
5358.5 
)023.4 
2035.S 
1108.2 

608.3 
335.8 
177.8 
82.2 
20.7 

-19.8 

T(at"ro) 
(kN) 

29300.3 
372.4 
152.8 
112.6 

77 .4 
53.1 
36.2 
24.1 
15.1 
8.5 
3.4 

w 
00 
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I Pitchhoek 9.7 graden. 
, Vfteroa & Corrigan Korrektle. 
# S]ankhejd 3 18.2 
# Het gebrulkte profle] js NACA 4418 
# De atras] Van df' roror is 20.000 IDer"r" 
# De rotor heeft 3 bladen. 
# Het roeTenta] bedraagt 33.4 toeTen per minuur. 
H Blj de berekenlngen wordr lambda reI kens mer 0.9 opgehoogd. 

#Cp- .Cq- EN Ct-Jambda-karakteristJeken voor deze rotor: 

Lambda 

0.10 
0.90 
1.80 
2.71 
3.61 
4.51 
5.41 
6.31 
7.22 
8.12 
9.02 

Cp 

0.0011 
0.0163 
0.0716 
0.1604 
0.2049 
0.2163 
0.2009 
0.1605 
0.0955 
0.0056 
-.1091 

Cq 

0.0110 
0.0181 
0.0397 
0.0593 
0.0568 
0.0480 
0.0371 
0.0254 
0.0132 
0.0007 
-.0121 

Ct 

0.0771 
'0.0842 
0.1354 
0.2210 
0.2667 
0.2811 
0.2692 
0.2341 
0.1785 
0.1054 
0.0170 

v 
(m/s) 

699.528 
77 .553 
38.776 
25.851 
19.388 
15.511 
12.925 
11. 079 
9.694 
8.611 
7.755 

If Er is 0 maa] g~en ronv~rg~ntJe b~rejkt. 

P(a .. ro) 
(kW) 

289617 .0 
5856.6 
3211.5 
2132.3 
1149.3 
621.3 
334.0 
168.0 
67.0 
2.8 

-39.2 

T(aE'l"a) 
(kN) 

29034.6 
389.6 
156.7 
113.6 

77 .2 
52.0 
34.6 
22.1 
12.9 
6.0 
0.8 

If NumE'rjeke ul tkomstf?n van dE' berekenlngen aan de NIBE B mo]en. 
If Pftchho .. k 10.6 graden. 
H Vir .. rna & Corrigan korrektie. 
# Slankh .. ld - 18.2 
If Hpt gpbrulkt .. profl,,] is NACA 4418 
If D .. straal van d .. rotor is 20.000 met"r. 
# De rotor he .. ft 3 bladen. 
/! H .. r toerenral bedraagt 33.4 toer .. n per mlnullt. 
# BiJ dE' berek .. nl!'lgen wordt lambda telkelHl met 0.9 opgehoogd. 

ICp- ,Cq- EN Ct-lambda-k8rakterjsrj~k~n voor dezp rotor: 

Lambda 

0.10 
0.88 
l. 76 
2.64 
3.52 
4.40 
5.28 
6.16 
7.04 
7.92 
8.80 

1/ Er fs 

Cp 

0.0012 
0.0164 
0.0703 
0.1538 
0.1933 
0.1997 
0.1787 
0.1322 
0.0588 
-.0397 
-.1629 

Cq 

0.0116 
0.0186 
0.0399 
0.0583 
0.0549 
0.0454 
0.0338 
0.0215 
0.0084 
-.0050 
-.0185 

Ct 

0.0764 
0.0827 
0.1315 
0.2106 
0.2500 
0.2579 
0.2393 
0.1971 
0.1335 
0.0521 
-.0424 

v 
(m/s) 

699.528 
.79.492 
39.146 
26.497 
19.873 
15.898 
13.249 
11. 356 
9.936 
8.832 
7,949 

o maal geen con"",rgentJ e bereikt. 

P(aHo) 
(kW) 

306684.1 
6329.3 
3396 •. 7 
2202.4 
1167.9 
617.7 
319.8 
149.0 
44.4 

-21.1 
-63.0 

T(aerQ) 
(kN) 

28759.9 
402.1 
159.9 
113.8 
76.0 
50.2 
32.3 
19.6 
100 J 
3.1 

-2.1 

rr llJUmt"rJt:'.tI;.t' Uj{f\omM,t:'U vau Uf! Ut"It"K.t"llJUgt:'ll t:lClU U~ n';'DC D mOJt"u. 

# Pftchhoek 11.6 graden. 
t Vfterne & Corrigan korrekrle. 
# SJankheJd - 18.2 
# Het gebrufkte proffp] fs NACA 4418 
# De strea] van de rotor fs 20.000 meter. 
H De rotor heeft 3 bladen. 
# Het toerent,,] bedraagt 33.4 toeren per minuut. 
H Bfj de berekenfngen wordt lambda telkens met 1.1 opgehoogd. 

IfCp- .Cq- EN Cr-lambda-karaktE'ristleken vaar d~z~ rotor: 

Lambda 

0.10 
1.07 
2.14 
3.20 
4.27 
5.34 
6.41 
7.47 
8.54 

II Er is 

Cp 

0.0012 
0.0243 
0.IU9 
0.1757 
0.1824 
0.1452 
0.0657 
-.0544 
-.2146 

Cq 

0.0124 
0.0228 
0.0524 
0.0549 
0.0427 
0.0272 
0.0103 
-.0073 
-.0251 

Ct 

0.0755 
0.0872 
0.1674 
0.2276 
0.2342 
0.1995 
0.1273 
0.0256 
-.0987 

v 
(m/s) 

699.528 
65.530 
32.765 
21.843 
16.382 
13.106 
10.922 

9.361 
8.191 

o maal g .... n convergenti .. bereikt. 

P(aero) 
(kW) 

325479.7 
. 5272.2 

3028.5 
1409.2 
617.1 
251.7 
65.9 

-34.4 
-90.8 

T(aeTO) 
(kN) 

28437.0 
288.3 
138.3 
83.6 
48.4 
26.4 
11. 7 
1.7 

-5.1 

# Numerl .. ke ultkomsten van de beTekE'n1ngen aan de NIRE B molen. 
R Pitchhoek 12.4 graden. 
1/ Vlterna & Corrigan korr .. ktie. 
1/ Slankh .. id ~ 18.2 
# Het gebrulkte profie] is NACA 4418 
# D .. straa] van de rotor 1s 20.000 m~ter. 
1/ De rotor he~fr 3 bladen. 
# H~t toerentaJ bedraagt 33.4 toeren per mlnuut. 
# Rij de berekeningen wordt lambda t .. lk .. ns met 1.0 opgehoogd. 

HCp- ,Cq- EN Ct-]ambda-karakteristlek .. n VOOT deze rotor: 

Lambda 

0.10 
1.04 
2.07 
3.11 
4.14 
5.18 
6.21 
7.25 
8.28 

# Er 1s 

Cp 

0.0013 
0.0238 
0.1070 
0.1666 
0.1698 
0.1293 
0.0456 
-.0776 
-.2418 

Cq 

0.0129 
0.0230 
0.0517 
0.0536 
0.0410 
0.0250 
0.0073 
-.0107 
-.0292 

Ct 

0.0748 
0.0853 
0.1602 
0.2152 
0.2173 
0.1183 
0.1018 
-.0026 
-.1310 

v 
(m/e) 

699.528 
67.587 
33.794 
22.529 
16.897 
13.517 
11. 265 
9.655 
8.448 

o maal ge .. n converg~ntj~ bprpjkt. 

P(aero) 
(kW) 

340421.9 
5658.5 
3179.2 
1466.0 
630.6 
245.7 

50.2 
-53.8 

-112.2 

T(aero) 
(kN) 

28171.0 
299.8 
140.8 
84.1 
47.8 
25.1 
9.9 

-0.2 
-7.2 
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II.3 DEBRA 25

task A.2.b
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DEBRR 25 Pttchhoek 4.0 graden 
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# ~umerieke uitkomst~n van de her~kentngpn aan de DEBRA 25 mol~n~ 
II Pitchhoek 4.0 graden. 
H Viterna & Corrigan korrektie. 
II Slankheid • 26.1 
n Het gebruikte profiel is NACA 441 ~ 
~ De straal van de rotor is 12.5<)0 meter. 
4 De rotor heeft 3 bladen. 
# Het toe rental hedraagt 33.3 toeren per minuut. 
n Bij de berekeningen wordt lambda telkens met 0.2 opgehoogd. 

HCp- .Cq- EN Ct-lambda-karakteristleken voor di?ze rotor! 

Lambda Cp Cq Ct V P(aero) T(aer,,) 
(m/s) (kW) (kN) 

0.10 0.0003 n.n03l 0.0570 435.896 7809.3 3258.3 
0.20 0.n007 0.0033 0.(157(1 217.948 2052.8 814.7 9.20 0.3876 0.0421 0.6476 4.738 12.4 4.4 
0.40 0.0015 0.0038 0.0578 108.974 597. 5 206.2 9.40 0.3870 0.0412 0.6564 4.637 11.6 4.2 
0.60 0.0028 0.0047 0.0594 72.649 323.3 94.3 9.60 0.3858 0.0402 0.6649 4.541 10.9 4.1 
0.80 0.0046 0.0058 0.0622 54.4l'17 225.9 55.5 9.S0 0.3839 0.0392 0.6730 4.448 10.2 4.0 
1.00 0.0072 0.0072 0.0659 43.590 180.1 37.7 10.00 0.3814 0.0381 0.6808 4.359 9.5 3.9 
1.20 0.0108 0.0090 O.()709 36.325 155.1 28.1 10.20 0.3785 0.0371 0.6884 4.273 8.9 3.8 
1.40 0.0154 o .01l0 0.0772 31.135 140.0 22.5 10.40 0.3752 0.0361 0.6958 4.191 8.3 3.7 
1.60 0.0214 0.0134 0.0850 27.243 130.3 19.0 10.60 0.3715 0.0351 0.7031 4.112 7.8 3.6 
1.80 0.0290 0.0161 0.0943 24.216 123.7 16.6 10.80 0.3675 0.0340 0.7101 4.036 7.3 3.5 
2.'00 0.0383 0.0191 0.1054 21. 795 119.1 15.1 11.00 0.3631 0.0330 0.7170 3.963 6.8 3.4 
2.20 0.0496 0.0225 0.11115 19.813 115.9 14.0 11.20 0.3582 0.0320 0.7237 3.892 6.3 3.3 
2.40 0.0631 0.0263 0.1339 18.162 113.6 13.3 11.40 0.3530 0.0310 0.7303 3.824 5.9 3.2 
2.60 0.0787 0.0303 0.1518 16.765 Ill. 5 12.8 11.60 0.3475 0.0300 0.7366 3.758 5.5 3.1 
2.80 0.0963 0.0344 0.1716 15.568 109.2 12.5 11.80 0.3415 0.0289 0.7428 3.694 5.2 3.0 
3.00 0.115!' 0.0384 0.1927 14.530 106.2 12.2 12.00 0.3352 0.0279 0.7489 3.632 4.8 3.0 
3.20 0.1351 0.0422 0.2146 13.622 102.7 12.0 12.20 0.3285 0.0269 0.7548 3.573 4.5 2.9 
3.40 0.1556 0.0458 0.2372 12.820 98.6 11. 7 12.40 0.3214 0.0259 0.7605 3.515 4.2 2.8 
3.60 0.1757 0.0488 0.2593 12.108 93.8 11.4 12.60 0.3140 0.0249 0.7661 3.459 3.9 2.8 
3.80 0.1951 0.0513 0.2810 11.471 88.5 11. 1 12.80 0.3062 0.0239 0.7715 3.405 3.6 2.7 
4.00 0.2140 0.0535 0.3021 10.897 83.3 10.8 13.00 0.2977 0.0229 0.7767 3.353 3.4 2.6 
4.20 0.2310 0.0550 0.3224 10.378 77.7 10.4 13.20 0.2887 0.0219 0.7817 3.302 3.1 2.6 
4.l.0 0.2474 0.0562 0.3421l 9.907 72.3 10.1 13.40 0.2791 0.0208 0.7865 3.253 2.9 2.5 
4.60 0.2621 0.0510 .Q.3606 9.476 67.0 9.7 13.60 0.2689 0.0198 0.7911 3.205 2.7 2.4 
4.80 0.2759 0.0515 0.3789 9.081 62.1 9.4 13.80 0.2579 0.0187 0.7956 3.159 2.4 2.4 
5.00 . 0.2884 0.0577 0.3959 8.718 57.5 9.0 14.00 0.2466 0.0176 0.7998 3.114 2.2 2.3 
5.20 0.2997 0.0576 0.4122 8.383 53.1 B.7 14.20 0.2347 0.0165 0.8039 3.070 2.0 2.3 
5.40 0.3104 0.0575 0.4282 8.072 49.1 8.4 14.40 0.2225 0.0154 0.8079 3.027 1.9 2.2 
5.60 0.3200 0.0571 0.4434 7.784 45.4 8.1 14.60 0.2098 0.0144 0.8117 2.986 1.7 2.2 
5.80 0.3286 0.0567 0.4577 7.515. 41.9 7.8 14.80 0.1966 0.0133 0.8154 2.945 1.5 2.1 
6.00 0.3365 0.0561 0.4717 7.265 38.8 7.5 \5.00 0.1829 0.0122 0~8189 2.906 1.3 2.1 
6.20 0.3439 0.0555 0.4855 7.031 35.9 7.2 15.20 0.1688 0.0111 0.8223 2.868 1.2 2.0 
6.40 0.3505 0.0548 0.4985 6.811 33.3 7.0 15.40 0.1542 0.0100 0.8255 2.830 1.1 2.0 
6.60 0.3564 0.0540 O.Slil 6.604 30.9 6.7 15.60 0.1392 0.0089 0.8286 2.794 0.9 1.9 
6.80 0.)618 0.0532 0.5234 6,410 28.7 6.5 15.80 0.1237 0.0078 0.8315 2.759 0.8 1.9 
7.00 0.3669 0.0524 0.5356 6.227 26.6 6.2 16.00 0.1077 0.0067 0.8343 2.724 0.7 1.9 
7.20 0.3712 0.0516 0;5472 6.054 24.8 6.0 16.20 0.0912 0.0056 0.8370 2.691 0.5 1.8 
7.40 0.3749 0.0507 0.5584 5.890 23.0 5.8 1&.40 0.0742 0.0.Q45 0.8395 2.658 0.4 1.8 
7.60 0.3781 0.0498 0.5693 5.735 21.4 5.6 16.60 0.0568 0.0034 0.8419 2.626 0.3 1.7 +0-
7.80 0.3809 0.0488 0.5800 5.588 20.0 5.4 16.80 0.0389 0.0023 0.8441 2.595 0.2 1.7 0' 

8.00 0.3831 0.0479 0.5903 5.449 18.6 :'.3 17.00 0.0204 0.0012 0.8462 -2.564 0.1 1.7 
8.20 0.3848 0.0469 0.6004 5.316 17.4 5.1 17.20 0.0015 0.0001 0.8481 2.534 0.0 1.6 
8.40 0.3861 0.0460 0.6102 5. lfl9 16.2 4.9 17.40 -.0179 -.0010 0.8499 2.505 -0.1 1.6 
8.60 0.3870 0.0450 0.6198 5.069 15.2 4.8 1/ Er is o maal geen convergentie bereikt. 
B.80 0.3876 0.0440 0.6293 4.953 14.2 4.6 
9.00 0.3878 0.0431 0.6385 4.843 13.2 4.5 



# Numerieke uitkomsten van de bere~e~cn~en aao de DEBRA 25 malen. 
# Pitchhoek 4.0 graden. 
, Vlterna & Corrigan korrektie. 
n Slankheid • 26.1 
# Ret gebruikte profiel is NACA 4~1~ 

# De straal van de rotor is 12 • 500 met e r • 
II De rotor heeft 3 bladen. 
~ Het toerental bedraagt 50.0 toeren per minuut. 
II Bij de herekeningen wardt lambda :elkens met 0.2 apgehoogd. 

~Cp- ,Cq- EN Ct-1ambda-karaktertstieken Iloor deze rotor: 

Lambda Cp Cq Ct V P(aero) T(aero) 
(m/s) (kW) (kN) 

0.10 0.0003 0.0031 0.1)570 654.498 26435.6 7346.0 9.20 0.3876 0.0421 0.6476 7.114 42.0 9.9 0.20 0.0007 0.0033 0.0570 327.249 6949.1 1836.7 9.40 0.3870 0.0412 0.6564 6.963 39.3 9.6 0.40 0.0015 0.0038 0.0578 163.625 2022.7 464.9 9.60 0.3858 0.0402 0.6649 6.818 36.8 9.3 0.60 0.0028 0.0047 O. OSQ4 109.083 1094.3 212.7 9.80 0.3839 0.0392 0.6730 6;679 34.4 9.0 0.80 0.0046 0.0058 0.0622 81.812 764.8 125.1 10.00 0.3814 0.0381 0.6808 6.545 32.2 8.8 1.00 0.0072 0.0072 0.0659 65.450 609.7 84.9 10.20 0.3785 0.0371 0.6884 6.417 30.1 8.5 1.20 0.0108 0.0090 0.0709 54.542 525.1 63.4 10.40 0.3752 0.0361 0.6958 6.293 28.1 8.3 L/.O 0.0154 0.0110 0.0772 46.750 474.0 50.8 10.60 0.3715 0.0351 0.7031 6.175 26.3 8.1 1.60 0.0214 0.0134 0.0850 40.906 441.2 42.7 10.80 0.3675 0.0340 0.7101 6.060 24.6 7.8 1.80 0.0290 0.0161 0.0943 36.361 418.8 37.5 11.00 0.3631 0.0330 0.7170 5.950 23.0 7.6 2.00 0.0383 0.0191 0.1054 32.725 403.3 34.0 11.20 0.3582 0.0320 0.1237 5.844 21.5 7.4 2.20 0.0496 0.0225 0.1185 2Q.750 392.4 31.5 11.40 0.3530 0.0310 0.7303 5.741 20.1 7.2 '2.40 0.0631 0.0263 0.1339 27.271 384.5 30.0 11.60 0.3475 0.0300 0.7366 5.642 18.8 7.1 2.60 0.0787 0.0303 0.1518 25.173 377 .6 28.9 11.80 0.3415 0.0289 0.7428 5.547 17 .5 6.9 2.80 0.0963 0.0344 0.1716 23.375 369.7 28.2 12.00 0.3352 0.0279 0.7489 5.454 16.4 6.7 3.00 0.1151 0.0384 0.1927 21.817 359.5 27.6 12.20 0.3285 0.0269 0.7548 5.365 15.2 6.5 3.20 0.1351 0.0422 0.2146 20.453 347.6 27.0 12.40 0.3214 0.0259 0.7605 5.278 14.2 6.4 3.40 0.1556 0.0458 0.2372 19.250 333.7 26.4 12.60 0.3140 0.0249 0.7661 5.194 13.2 6.2 3.60 0.1757 0.0488 0.2593 18.181 317.4 25.8 12.80 0.3062 0.0239 0.7715 5.113 12.3 6.1 3.80 0.1951 0.0513 0.2810 17.22/. 299.7 25.1 13.00 0.2977 0.0229 0.7767 5.035 11.4 5.9 4.00 0.2140 0.0535 0.3023 16.362 281.8 24.3 13.20 0.2887 0.0219 0.7817 4.958 10.6 5.8 4.20 0.2310 0.0550 0.3224 15.583 262.9 23.5 13.40 0.2791 0.0208 0.7865 4.884 9.8 5.6 4.40 0.2474 0.0562 0.3420 14.875 244.8 22.8 13.60 0.2689 0.0198 0.7911 4.812 9.0 5.5 4.60 0.2621 0.0570 0.3606 14.228 227.0 22.0 13.80 0.2579 0.0187 0.7956 4.743 8.3 5.4 4.80 0.2759 0.0575 0.3789 13.635 210.3 21.2 14.00 0.2466 0.0176 0.7998 4.675 7.6 5.3 5.00 0.2884 0.0577 0.3959 13.090 194.5 20.4 14.20 0.2347 0.0165 ·0.8039 4.609 6.9 5.1 5.20 0.2997 0.0576 0.4122 12.587 179.7 19.6 14.40 0.2225 0.0154 0.8079 4.545 6.3 5.0 5.40 0.3104 0.0575 0.4282 12.120 166.2 18.9 14.60 0.2098 0.0144 0.8117 4.483 5.7 4.9 5.60 0.3200 0.0571 0.4434 11. 687 153.6 18.2 14.80 0.1966 0.0133 0.8154 4.422 5.1 4.8 5.80 0.3286 0.0567 0.4577 11.284 142.0 17 .5 15.00 0.1829 0.0122 0.8189 4.363 4.6 4.7 6.00 0.3365 0.0561 0.4717 10.908 131.3 16.9 15.20 0.J688 0.0111 0.8223 4.306 4.1 4.6 6.20 0.3439 0.0555 0.4855 10.556 121. (, 16.3 15.40 0.1542 0.0100 0.8255 4.250 3.6 4.5 6.40 0.3505 0.0548 0.4985 10.227 112.7 15.7 15.60 0.1392 0.0089 0.8286 4.196 3.1 4.4 6.60 0.3564 0.0540 O.Slll 9.917 104.5 15.1 15.80 0.1237 0.0078 0.8315 4.142 2.6 4.3 6.80 0.3618 0.0532 0.5234 9.625 97.0 14.6 16.00 0.1077 0.0067 0.8343 4.091 2.2 4.2 7.60 0.3069 0.0529 0.5356 9.350 90.2 14.1 16.20 0.0912 0.0056 0.8370 4.040 1.S 4.1 .p. 7.20 0.3712 0.0516 0.5472 9.090 83.8 13.6 16.40 0.0742 0.0045 0.8395 3.991 1.4 4.0 ...... 
7.40 0.3749 0.0507 0.5584 8.845 78.0 13.1 16.60 0.0568 0.0034 0.8419 3.943 1.0 3.9 7.60 0.3781 0.0498 0.5693 8.612 72.6 12.7 16.80 0.0389 0.0023 . 0.8441 3.896 0.7 3.9 7.80 0.3809 0.0488 0.5800 8.391 67.7 12.3 17.00 0.0204 0.0012 0.8462 3.850 0.4 3.8 8.00 0.3831 0.0479 0.5903 8.181 63.1 11.9 . 

17.20 0.0015 0.0001 0.8481 3.805 0.0 3.7 8.20 0.3848 0.0469 0.6004 7.982 58.8 11.5 17.40 -.0179 -.0010 0.8499 3.761 -0.3 3.6 8.40 0.3861 0.0460 0.6102 . 7.792 54.9 11.1 II Er is o maal geen convergentie bereikt. 8.60 0.3870 0.0450 0.6198 7.610' 51.3 10.8 
8.80 0.3876 0.0440 0.6293 7.437 47.9 10.5 
9.00 0.3878 0.0431 0.6385 7.272 44.8 10.2 
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~ Num~TjeKe uirkomsten van de berekpnin~en san de PETTEN >nolen. 
# Plt~hhopk -5.0 ~raden. 
# Vlterna & Corrigan korrpktie. 
1/ SJ ankhf'i(i • 17.2 
II Het gebruikt" prof!,,) is NACA 23018 
h De> atrsaJ van d" rotor j s 12.500 met!'''. 
# Df' rotor h""fr 2 bJadpn. 
H B!j de berpkf'nlngpn ~ordt lambda tplk"ns met 0.1 opgehoogd. 

Itcp- .Cq- EN Ct-jembda-karakrf'ristjekpn voor d"z!' rotor: 

Lambda Cp Cq Ct 

0.10 -.0002 -.0016 0.0660 4.80 0.1690 0.0352 0.3952 
0.10 -.0002 -.0016 0.0660 4.90 0.1797 0.0367 0.4121 
0.20 -.0006 -.0031 0.0662 5.00 0.1908 0.0382 0.4297 
0.30 -.0008 -.0027 0.0667 5.10 0.2022 0.0396 0.4479 
0.40 -.0008 -.0020 0.0675 5.20 0.2140 0.01<12 0.4668 
O.~O -.0010 -.0019 0.0685 5.30 0.2262 0.0427 0.4862 
0.60 -.001l -.0018 0.0697 . 5.40 0.2386 0.0442 0.5063 
0.70 -.OOil -'.0016 0.0711 5.50 0.2515 0.0457 0.5272 
0.80 -.0011 -.0014 0.0727 5.60 0.2647 0.0473 0.5492 
0.90 -.0010 -.0011 0.0746 5.70 0.2783 0.0488 0.5721 
1.00 -.0009 -.0009 0.0767 5.80 0.2921 0.0504 0.5960 
1.10 -.0006 -.0005 0.0791 5.90 0.3055 0.0518 0.6211 
1.20 -.0002 -.0001 0.0816 6.00 0.3174 0.0529 0.6473 
1.30 0.0003 0.0003 0.0845 6.10 0.3271 0.0536 0.6703 
1.4G 0.0010 0.0007 0.0876 6.20 0.3357 0.0541 0.6908 
1.50 0.0018 0.0012 0.0909 6.30 0.3437 0.0546 0.7111 
1.60 0.0027 0.0017 0.0945 6.40 0.3502 0.0547 0.7295 
I. 70 0.0039 0.0023 0.0985 6.50 0.3557 0.0547 0.7468 
L80 0.00.52 0.0029 0.1026 6.60 0.3607 0.0547 0.7640 
1.90 0.0066 0.0035 0.1071 6.70 0.3651 0.0545 0.7811 
2.00 0.0083 0.0042 0.1119 6.80 0.3688 0.0542 0.7991 
2.10 0.0102 0.0049 0.1169 6.90 0.3708 0.0537 0.8141 
2.20 0.0123 0.0056 0.1222 7.00 0.3721 0.0532 0.8.284 
2.30 0.0146 0.0064 0.1279 7.10 0.3724 0.0524 0.8418 
2.40 0.OP2 0.0072 0.1339 7.20 0.3716 0.0516 0.8542 
2.50 0.0200 0.0080 0.1402 7.30 0.3701 0.0507 0.8661 
2.60 0.0231 0 •. 0089 0.1458 7.40 0.3676 0.0497 0.8772 
2.70 0.0264 0.0098 0.1538 7.50 0.3643 0.0486 0.8879 
2.80 0.0300 0.0107 0.1612 7.60 0.3601 0.0474 0.8979 
2.90 0.0338 0.0117 0.1689 7.70 0.3544 0.0460 0.9065 
3.00 0.0380 0.0127 0.1769 7.80 0.3470 0.0445 0.9141 
3.10 0.0424 0.0137 0.1854 7.90 0.3360 0.0425 0.9195 
3.20 0.0472 0.0141 0.1942 8.00 0.2779 0.0347 0.8623 
3.30 0.0522 0.0158 0.2034 8.10 0.2553 0.0315 0.8540 
3.40 0.0576 0.0169 0.2130 8.20 0.1124 0.0210 0.7033 
3.50 0.0633 0.0181 0.2230 8.30 0.1567 0.0189 0.7578 
3.60 0.0693 0.0193 0.2334 8.40 0.1500 0.0179 0.7661 
3.70 0.0757 0.0205 0.2443 8.50 0.1410 0.0166 0.7730 
3.80 0.0824 0.0217 0.2557 8.60 0.0994 0.0116 0.7494 
3.90 0.0894 0.0229 0.2675 8.70 0.0905 0.0104 0.7557 
4.00 0.0968 0.0242 0.2798 8.80 0.0788 0.0090 0.7578 \JI 

4.10 0.1046 0.0255 0.2926 8.90 0.0638 0.0072 0.6665 N 

4.20 0.1127 0.0268 0.3059 9.00 0.0379 0.0042 0.7250 
. 

4.30 0.1211 0.0282 0.3195 9.10 0.0011 0.0001 0.7089 
4.40 0.1300 0.02:95 0.3337 9.20 -.0051 -.0005 0,7192 
4.50 0.1392 0.0309 0.3484 II Br is 2 maal ge~n ~onv~rgentje ~rejkt. 

4.60 0.1487 0.0323 0.3635 
4.70 0.1587 0.0338 0.3790 



.... ov V • .f.£./.l V.V"'" V.'ll"''' 
# Num~ri~k~ ujtkom8t~n van d~ b~r~k~nlng@n san d~ PETTEN mo),m. 4.90 0.2412 0.0492 0.4330 
II 1'1 t('hho~k -2.5 gradpn. 5.00 0.2550 0.0510 0.4530 
II Vlt .. rna .. Corrigan kon-",kriE'. 5.10 0.2686 0.0527 0.4734 
II S]ankhpj d - 17.2 5.20 0.2812 0.0541 0.4927 
# HE't gE'brulktE' profl .. ] is NACA 23018 5.30 0.2932 0.0553 0.5118 
II DE' straal van dE' rotor is J2.500 mHpr. 5.40 0.3048 0.0564 0.5298 
# DE' rotor hp .. ft 2 bladE'u. 5.50 0.3160 0.0574 0.~482 
# Bij dE' bprE'k .. nlngpn wordt lambda t"lkpns mpt 0.1 opgph"ogd. 5.60 0.3256 0.0581 0.5647 

5.70 0.3347 0.0587 0.5809 
IICp- .Cq- EN Ct-lambda-karaktpristipkE'n voor dE'z" rotor: 5.80 0.3435 0.0592 0.5974 

5.90 0.3513 0.0595 0.6123 
Lambda Cp Cq Ct 6.00 0.3591 0.0599 0.6274 

6.10 0.3669 0.0601 0.6426 
0.10 -.0001 -.0013 0.0658 6.20 0.3745 0.0604 0.6579 
0.10 -.0001 -.0013 0.0658 6.30 0.3822 0.0607 0.6737 
0.20 -.0005 -.0023 0.0659 6.40 0.3888 0.0608 0.6890 
0.30 -.0002 -.0007 0.0664 6.50 0.3937 0.0606 0.7015 
0.40 -.0002 -.0006 0.0671 6.60 0.3980 0.0603 0.7137 
0.50 -.0002 -.0004 0.0679 6.70 0.4015 0.0599 0.7252 
0,60 -.0001 -.0002 0.0690 6.80 0.4045 0.0595 0.7362 
0.70 0.0001 0.0001 0.0704 6.90 0.4073 0.0590 0.7472 
0.80 0.0003 0.0004 0.0719 7.00 0.4099 0.0586 0.7582 
0.90 0.0007 0.0007 0.0737 7.10 0.4124 0.0581 0.7691 
LOO 0.0011 0.001l 0.0757 7.20 0.4147 0.0576 0.7799 
1.10 0.0018 0.0016 0.0779 7.30 0.4166 0.0571 0.7904 
1. 20 0.0025 0.0021 0.0805 7.40 0.4185 0.0566 0.8011 
1.30 0.0034 0.0026 0.0832 7.50 0.4197 0.0560 0.8117 
1.40 0.0045 0.0032 0.0862 7.60 0.4206 0.0553 0.8228 
1. 50 0.0057 0.0038 0.0896 7.70 0.4203 0.0546 0.8326 
1.60 0.0072 0.0045 0.0931 7.80 0.4197 0.0538 0.8418 
1. 70 0.0089 o.oon 0.0970 7.90 0.4187 0.0530 0.8508 
1.80 0.0108 0.0060 O.IOll 8.00 0.4173 0.0522 0.8595 
1.90 0.0129 0.0068 0.1056 8.10 0.4154 0.0513 0.8681 
2.00 0.0153 0.0076 0.1104 8.20 0.4130 0.0504 0.8765 
2.10 0.0179 0.0085 0.1154 8.30 0.4103 0.0494 0.8846 
2.20 0.0208 0.0095 0.1208 8.40 0.4071 0.0485 0.8925 
2.30 0.0240 0.0104 0.1266 8.50 0.4034 0.0475 0.9001 
2.40 0.0275 0.0115 0.1326 8.60 0.3991 0.0464 0.9072 
2.50 0.0313 0.0125 0.L391 8.70 0.3940 0.0453 0.9141 
2.60 0.0354 0.0136 0.1459 8.80 0.3882 0.0441 0.9205 
2.70 0.0399 0.0148 0.1531 8.90 0.3818 0.0429 0.9264 
2.80 0.0446 0.0159 0.1607 9.00 0.3742 0.0416 0.9317 
2.90 0.0498 0.0172 0.1686 9.10 0.3656 0.0402 0.9361 
3.00 0.0553 0.0184 0.1770 9.20 0.3552 0.0386 0.9391 
3.10 0.0612 0.0198 0.1858 9.30 0.3416 0.0367 0.9393 
3.20 0.0675 0.0211 0.1951 9.40 0.2837 0.0302 0.8692 
3.30 0.0742 0.0225 0.2048 9.50 0.2217 0.0233 0.8059 
3.40 0.0813 0.0239 0.2150 9.60 0.2137 0.0223 0.8104 
3.50 0.0888 0.0254 0.2257 9.70 0.2042 0.0211 0.8137 
3.60 0.0967 0.0269 0.2368 9.80 0.1873 0.0191 0.8105 
3.70 0.1051 0.0284 0.2484 9.90 0.1227 0.0124 0.7214 
3.80 0.1138 0.0300 0.2606 10.00 0.1167 0.0117 0.7281 
3.90 0.1230 0.0315 0.2731 10.10 0.1l00 0.0109 0.7344 ._' 
4.00 0.1327 0.0332 0.2863 10.20 0.1017 0.0100 0.7398 :...; 

4.10 0.1429 0.0348 0.3000 10.30 0.0913 0.0089 0.7436 
4.20 0.1535 0.0365 0.3143 10.40 0.0542 0.0052 0.7191 
4.30 0.1645 0.0383 0.3291 10,50 0.0480 0.0046 0.7259 
4.40 0.1761 0.0400 0.3447 10.60 0.0414 0.0039 0.7:>26 
4.50 0.1882 . 0.0418 0.3609 10.70 0.0342 0.0032 0.7389 
4.60 0.2007 0.0436 0.3779 10.80 0.0260 0.0024 0.7448 
4.70 0.2138 0.0455 0.3955 10,,90 0.0055 0.0005 0.7428 



{I Numf1>rlt'Kf1> ui r-koma ten van di' b~' rekpni n~Al"' di' PETTEN mol P)l .. 4.~1J U.Utl4 U.O~b!S U.43b9 
it D~ ~, !~:10t. .. k 0.0 grad"n. 5.00 0.2886 0.0577 0.4513 
fI Vfr~rna & Corrigan korr .. ktl~. 5.10 0.2983 0.0585 0.4650 
If Slankh .. ld = 17.2 5.20 0.3083 0.0593 0.4791 
H H~t g .. brujktf1> profj~l is MACA 23018 5.JO 0.3178 0.0600 0.4932 
If Df' straa) van d .. rotor Is 12.500 m .. t~r. 5.40 0.3266 0.0605 0.5059 
H Df1> rotor h .... ft 2 bJad .. n. 5.50 0.3347 0.0609 0.5184 
# Bij d .. bprpk .. ningpn wordr lambda i .. J~enR met 0.1 opgphoogd. 5.60 0.3422 0.0611 0.5304 

S.70 0.3492 0.0613 0.5421 
IICp- ,Cq- EN Ct-lambda-karakterlsti .. k .. n voor dez .. rotor: 5.80 0.3564 0.0614 0.5542 

5.90 0.3630 0.0615 0.5663 
Lambda Cp Cq Ct 6.00 0.3684 0.0614 0.5763 

6.10 0 •. 3739 0.0613 0.5863 
0.10 -.0001 -.0006 0.0654 6.20 0.3788 0.0611 0.5958 
0.10 -.0001 -.0006 0.0654 6.30 0.3836 0.0609 0.6051 
0.20 0.0001 0.0006 0.0654 6.40 0.3884 0.0607 0.6144 
0.30 0.0002 0.0007 0.0658 6.50 0.3931 0.0605 0.6237 
0.40 0.0004 0.0009 0.0664 6.60 0.3973 0.0602 0.6330 
0.50 0.0006 0.0012 0.0672 6.70 0.4011 0.0599 0.6421 
0.60 0.0009 0.0014 0.0681 6.80 0.4043 0.0595 0.6509 
0.70 0.0012 0.0018 0.0693 6.90 0.4076 0.0591 0.6598 
0.80 0.0017 0.0022 0.0708 7.00 0.4106 0.0587 0.6688 !l.10 0.3710 0.0334 0.9377 
0.90 0.0024 0.0026 0.0725 7.10 0.4136 0.0583 0.6780 11.20 0.3651 0.0326 0.9411 
1.00 0.0031 0.0031 0.0744 7.20 0.4166 0.0579 0.6874 11.30 0.3587 0.0317 0.9440 
I. 10 0.0040 0.0037 0.0766 7.30 0.4188 0.0574 0.6955 11.40 0.3519 0.0309 0.9466 
1. 20 0.0051 0.0043 0.0790 7.40 0.4209 0.0569 0.7036 11.50 0.3444 0.030() 0.9487 
1.30 0.0064 0.0049 0.0817 7.50 0.4229 0.0564 0.7115 11.60 0.3360 0.0290 0.9501 
1.40 0.0079 0.0057 0.0847 7.60 0.4246 0.0559 0.7194 11.70 0.3264 0.0279 0.9506 
I. 50 0.0096 0.0064 0.0879 7.70 0.4263 0.0554 0.7271 11.80 0.3149 0.0267 0.9492 
1.60 0.0116 0.0072 0.0915 7.80 0.4278 0.0548 0.7349 11.90 0.2529 0.0213 0.8687 
1. 70 0.0138 0.0081 0.0953 7.90 0.4291 0.0543 0.7426 12.00 0.2434 0.0203 0.8693 
1.80 0.0163 0.0090 0.0995 8.00 0.4302 0.0538 0.7502 12.10 0.2035 0.0168 0.8302 
1. 90 0.0190 0.0100 0.1039 8.10 0.4311 0.0532 0.7577 12.20 0.1942 0.0159 0.8306 
2.00 v.022l 0.0110 0.1087 8.20 0.4318 0.0527 0.7651 12.30 0.1792 0.0146 0.8240 
2.10 0.0255 0.0121 0.1139 8.30 0.43' :. 0.0521 0.7726 12.40 0.1399 0.0113 0.7546 
2.20 0,0292 0.0133 0.1194 8.40 0.43!9 0.0515 0.7800 12.50 0.1266 0.0101 0.7523 
2.30 0.0332 0.0144 0.1253 8.50 0.4333 0.0510 0.7873 12.60 0.0932 0.0074 0.7227 
2.40 0.0377 0.0157 0.1315 8.60 0.4334 0.0504 0.7946 12.70 0.0873 0.0069 0.7266 
2.50 0.0424 0.0170 0.1382 8.70 0.4334 0.0498 0.8019 12.80 0.0811 0.0063 0.7305 
2.60 0.0476 0.0183 0.1452 8.80 0.4333 0.0492 0.8091 12.90 0.0747 0.0058 0.7341 
2.70 0.0532 0.0197 0.1527 8.90 0.4331 0.0487 0.8163 13.00 0.0677 0.0052 0.7375 
2.80 0.0593 0.0212 0.1606 9.00 0.4328 0.0481 0.8243 13.10 0.0600 0.004~ 0.7403 
2.90 0.0658 0.0227 0.1690 9.10 0.4321 0.0475 0.8310 13.20 0.0420 0.0032 0.7352 
3.00 0.0727 0.0242 0.1779 9.20 0.4311 0.0469 0.8376 13.30 0.0382 0.0029 0.7410 
3.10 0.0801 0.0258 0.1874 9.30 0.4300 0.0462 0.8442 13.40 0.0026 0.0002 0.7133 
3.20 0.0879 0.0275 0.1972 9.40 0.4287 0.04.56 0.8505 13.50 -.0038 -.0003 0.7171 
3.30 1).0963 0.0292 0.2075 9.50 0.4271 0.0450 0.8568 /I Er j9 o maal g~{>n ('onvf1>rg,mt:le b .. r~jkt. 

3.40 0.1051 0.0309 0.2184 9.60 0.4253 0.0443 0.8629 
3.50 0.1145 0.0327 0.2298 9.70 0.4234 0.0436 0.8689 
3.60 0.1244 0.0345 0.2419 9.80 0.4212 0.0430 0.8749 
3.70 0.1348 0.0364 0.2545 9.90 0.4188 0.0423 0.8806 
3.80 0.1458 0.0384 0.2678 10.00 0.4161 0.0416 0.8863 
3.90 0.1574 0.0404 0.2817 10.10 0.4133 0.0409 0.8918 
4.00 0.1695 0.0424 0.2962 J 0.20 0.4102 0.0402 0.8971 
4.10 0.1822 0.0444 0.3118 10.30 0.4069 0.0395 0.9024 \.r1 

4.20 0.1951 0.0465 0.3279 10.40 0.4033 0.0388 0.9074 
+:-. 

4.30 0.2080 0.0484 0,3440 10.50 0.3996 0.0381 0.9124 
4.40 0.2206 0.0501 0.3601 10.60 0.3955 0.0373 0.9171 
4.50 0.2332 0.0518 0.3763 10.70 0.3912 0.0366 0.9217 
4.60 0.2451 0.0533 0.3916 10.80 0.3866 0.0358 0.9260 
4.70 0.2566 0.0546 0.4072 10.90 0.3817 0.0350 0.9302 
4.80 0.2676 0.0557 0.4219 J l.00 0.3765 0.0342 0.9341 



1/ NUmE'rle>l<<, ultl<omste>n van de> bE'TE'I<E'nlnge>n aan dt' PETTEN llloJE'n • 

• Pi t('hhoE'k 2.5 gradE'n. 4.90 0.2849 0.0581 0.4099 

If Vftt'rna & Corrigan korre>ktje. 5.00 0.2921 0.0584 0.1.195 

II SJ ankhE'ld • 17.2 5.10 0.2992 0.0587 0.4291 

II HE't ge>brulktE' profJ,,] is NACA 23018 5.20 0.3062 0.0589 0.4387 

II n .. straa1 van dE' rotor Is 12.500 met.-r. 5.30 0.313\ 0.0591 0.4481 

1/ n .. rotor hE'E'ft 2 blad .. n. 
5,,40 0.3198 0.0592 0.4578 

# Bfj dE' b .. rE'kE'nlugE'n wordt lambda telkE'ns mE't 0.1 opgehoogd. 5.50 0.3258 0.0592 0.4668 
,.60 0.3307 0.0591 0.4745 

ilCp- ,Cq- EN Cr-Jambda-karakte>ristlE'ken voor dezE' rotor: 5.70 0.3354 0.0588 0.4820 
5.80 0.3397 0.0586 0.4891 

Lambda Cp ~,q Cr 5.90 0.3440 0.0583 0.4963 
6.00 0.3481 0.0580 0.5034 

0.10 0.0001 0.0010 0.0647 6.10 0.3522 0.0577 0.5106 

0.10 0.0001 0.0010 0.0647 6.20 0.3562 0.0575 0.5176 

0.20 0.0004 Oe0020 0.0648 6.30 0.3599 0.0571 0.5243 

0.30 0.0007 0.0022 0.0650 6.40 0.3636 0.0568 0.5311 

0.40 0.0010 0.0024 0.0655 6.50 0.3672 0.0565 0.5380 

0.50 0.0013 0.0027 0.0661 6.60 0.3708 0.0562 0.5449 

0.60 0.0018 0.0030 0.0670 6.70 0.3744 0.0559 0.5520 

0.70 0.0024 0.0035 0.0681 6.80 0.3775 0.0555 0.5590 

0.80 0.0031 0.0039 0.0695 6.90 0.3803 0.0551 0.5651 

0.90 0.0040 0.0045 0.0711 
7.00 0.3829 0.0547 0.5711 

LOO 0.0051 0.0051 0.0729 
7.10 0.3853 0.0543 0.5769 

l.JO 0.0063 0.0057 0.0750 7.20 0.387.7 0.0538 0.5828 

1. 20 0.0077 0.0064 0.0774 7.30 0.3899 0.0534 0.5885 

1. 30 0.0094 0.0072 0.0800 7.40 0.3922 0.0530 0.5943 

l.40 0.0113 0.0080 0.0829 7.50 0.3944 0.0526 0.6000 

1. 50 0.0134 0.0090 0.0862 7.60 0.3965 0.0522 0.6056 
1.60 0.0159 0.0099 0.0897 7.70 0.3986 0.0518 0.6112 
1.70 0.0186 0.0109 0.0935 7.80 0.4005 0.0514 0.6167 

1.80 0.0217 0.0120 0.0977 7.90 0.4025 0.0509 0.6222 

1.90 0.0251 0.0132 0.1022 8.00 0.4044 0.0505 0.6277 

2.00 0.0288 0.0144 0.1071 8.10 0.4062 0.0501 0.6331 

2.10 0.0329 0.0157 0.1124 3.20 0.4079 0.0497 0.6384 

2.20 0.0374 0.0170 0.1180 8.30 0.4094 0.0493 0.6437 

2.30 0.0424 0.0184 0.1241 8.40 0.4108 0.0489 0.6489 

2.40 0.0477 0.0[99 0.1306 8.50 0.4121 0.0485 0.6543 

2.50 0.0536 0.0214 0.1376 8.60 0.4133 0.0481 0.6599 

2.60 0.0599 0.0230 0.1451 8.70 0.4142 0.0476 0.6647 

2.70 0.0667 0.0247 0.1530 8.80 0.4150 0.0472 0.6694 

2.80 0.0740 0.0264 0.1615 8.90 0.4157 0.0467 0.6740 

2.90 0.0818 0.0282 0.1704 9.00 0.4163 0.0463 0.6786 

3.00 0.0902 0.0301 0.1799 9.10 0.4168 0.0458 0.6831 

3.10 0.0992 0.0320 0.1900 9.20 0.4173 0.0454 0.6875 

3.20 0.1087 0.0340 0.2007 9.30 0.4177 0.0449 0.6919 

3.30 0.1188 0.0360 0.2121 9.40 0.4180 0.0445 0.6962 

3.40 0.1297 0.0381 0.2241 9.50 0.4183 0.0440 0.7005 

3.50 0.1410 0.0403 0.2368 9.60 0.4185 0.0436 0.7048 

3.60 0.1527 0.0424 0.2500 9.70 0.4187 0.0432 0.7090 

3.70 0.1645 0.0444 0.2635 9.80 0.4[88 0.0427 0.7131 

3.80 0.1762 0.0464 0.2770 9.90 0.4188 0.0423 0.7172 

3.90 0.1877 0.048] 0.2905 10.00 0.4188 0.0419 0.7213 

4.00 0.1989 0.0497 0.3035 10.10 0.4187 0.0415 0.7253 
4.10 0.2099 0.0512 0.3166 10.20 0.4186 0.0410 0.7293 

V1 
V1 

4.20 0.2205 0.0525 0.3293 10.30 0.4184 0.0406 0.7333 
. 

4.30 0.2308 0.0537 0.3415 10.40 0.4180 0.0402 0.7373 

4.40 0.2414 0.0549 0.3544 10.50 0.4175 0.0398 0.7412 

4.50 0.2510 a.osS!! 0.3664 10.60 0.4169 0.0393 0.7452 

4.60 0.2601 0.0565 0.3777 10.70 0.4163 0.0389 0.7490 

4.70 0.2690 0.0572 0.3890 to.80 0.4155 0.0385 0.7529 
10.90 0.4146 0.0380 0.7568 



11.10 0.4125 0.0372 0,7644 
11. 20 0.4114 0.0367 0.1682 
11.30 0.4101 0.0363 0.7719 
11.40 0.4088 fJ.0359 0.7156 
11. ,0 0.4074 0.0351, 0.7792 
11.(;0 0.4059 0.03.50 0.7828 
11.70 0.4043 0.0346 0.7864 
11. 80 0.4026 0.0341 0.7900 
11.90 0.4009 0.0337 0.7935 
12.00 0.3990 0.0333 0.7970 
12.10 0.3971 8.0328 0.8004 
12.20 0.3951 0.0324 0.8038 
12.30 0.3929 0.0319 0.8071 
12.40 0.3907 0.0315 0.8105 
12.50 0.3885 0.0311 0.8137 
12.60 0.3861 0.0306 0.8170 
12.70 0.3836 0.0302 0.8202 17.20 0.1502 0.0087 0.9047 
12.80 0.3811 0.0298 0.8234 17.30 0.1414 0.0082 0.9045 
12.90 0.3784 0.0293 0.8265 17.40 0.1324 0.0076 0.9041 
13.00 0.3757 0.0289 0.8296 17.50 0.1230 0.0070 0.9034 
13.10 0.3729 0.0285 0.8326 17.60 0.1133 0.0064 0.9024 
13.20 0.3699 0.0280 0.83S6 17.70 0.1032 0.0058 0.9010 
13.30 0.3669 0.0276 0.8386 17.80 0.0925 0.0052 0.8991 
13.40 0.3638 0.0272 0.8415 17.90 0.0808 0.0045 0.8963 
13,50 0.3606 0.0267 0.8444 18.00 0.0416 0.0023 0.8447 
13.60 0.3573 0.0263 0.8472 18.10 0.0307 0.0017 0.8425 
13.70 0.3539 0.0258 0.8499 IB.20 -.0035 -.0002 0.7910 
13.80 0.3502 0.0254 0.8526 Ii Er 19 o maa} g~en convergent1e bere1kt. 
13.90 0.3465 0.0249 0.8552 
14.00 0.3426 0.0245 0.B578 
14.10 0.3387 0.0240 0.8603 
14.20 0.3346 0.0236 0.8628 
14.30 0.3304 0.0231 0.8652 
14.40 0.3260 0.0226 0.8675 
14.50 0.3216 0.0222 0.8698 
14.60 0.3170 00 0217 0.8721 
14.70 0.3124 0.0212 0.8742 
14.80 0.3076 0.0208 0.8764 
14.90 0.3027 0.0203 0.8784 
15.00 0.2977 0.0198 0.8805 
15.10 0.2926 0.0194 0.8824 
15.20 0.2872 0.0189 0.8843 
15.30 0.2817 0.0184 0.8861 
15.40 0.2762 0.0179 0.887& 
15.50 0.2705 0.0174 0.3895 
15.60 0.2646 0.0170 0.8911 
15.70 0.2587 0.0165 0.8926 
15.80 0.2526 0.0160 0.8941 
15.90 0.2464 0.0155 0.8955 
16.00 0.2400 0.0150 0.8968 
16.10 0.2335 0.0145 0.8981 
16.20 0.2268 0.0140 0.8992 
16.30 0.2199 a.OBS 0.9002 \,,/1 

16.40 0.2129 0.0130 0.9012 '" 16.50 0.2057 0.0125 0.9021 
16.60 0.1984 0.0120 0.9028 
16.70 0.1909 O. 0114 o.9'o:n 
16.80 0.1832 0.0109 O.90l,0 
16.90 0.1753 0.0104 0.9044 
17.00 0.1672 0.0098 0.9047 
17.10 0.1588 0.0093 0.9048 



4.80 0.2643 0.0551 0.3589 
, Hu~rf~k~ uftkoast~n van dp bprpkpnjng~n aan dp P~TTEN lIIoll'n. 4.90 0.2702 0.0551 0.3664 
, Pftrhhopk 5.0 gradpn. 5.00 0.2760 0.0552 0.3740 
, Vlt~rna & CorrIgan korr"ktip. 5. JO 0.2806 0.0550 0.3804 
, Slankh"ld - 11.2 5.20 0.2848 0.0548 0.3860 
, HE't g .. brufkt .. profl"J is NACA 23018 5.30 0.2887 0.0545 0.3913 
, 0.. straal van dE' rotor is 12.S00 mpt"r. 5.40 0.2923 0.0541 0.3965 
, DE' Totor h .... ft 2 bJadpn. 5.50 0.2960 0.0538 0.4017 
, 81j dE' b"rpkpulngpn wordt lambda 'elkpTIs mpt 0.1 opgl'hoogd. 5.60 0.2995 0.0535 0.4069 

5.70 0.3030 0.0532 0.4120 
ICp- .Cq- EN Ct-Jambda-karaktprlstlpkpTI voor d"zp lotor: 5.80 0.3061 0.0528 0.4166 

5.90 0.3091 0.0524 0.4213 
Lambda Cp Cq Ct 6.00 0.3121 0.0520 0.4261 

6.10 0.3152 0.0517 0.4308 
0.10 0.0003 0.0032 0.0639 6.20 0.3182. 0.0513 0.4356 
0.10 0.0003 0.0032 0.0639 6.30 0.3213 0.0510 0.4406 
0.20 0.0007 0.0034 0.0638 6.40 0.3238 0.0506 0.4449 
0.30 0.001l 0.0036 0.0640 6.50 0.3261 0.0502 0.4488 
0.40 0.0015 0.0039 0.0643 6.60 0.3282 0.0497 0.4526 
0.50 0.0021 0.0042 0.0649 6.70 0.3301 0.0493 0.4561 
0.60 0.0028 0.0046 0.0657 6.80 0.3319 0.0488 0.4596 
0.10 0.0036 0.0051 0.0667 6.90 0.3336 0.0483 0.4630 
0.80 0.0045 0.0057 0.0680 7;00 0.3352 0.0479 0.4662 
0.90 0.0056 0.0063 0.0695 7.10 0.3368 0.0474· 0.4694 
1.00 0.0070 0.0070 0.0712 1.20 0.3381 0.0470 0.4725 
1.10 0.0085 0.0077 0.0733 7.30 0.3394 0.0465 0.4755 
1.20 0.0102 0.0085 0.0756 7.40 0.3406 0.0460 0.4784 
1.30 0.0123 0.0094 0.0782 7.50 0.3418 0.0456 0.4812 
1.40 0.0146 0.0104 0.0811 7.60 0.3429 0.0451 0.4840 
1.50 0.0171 0.01l4 0.0843 7.70 0.3440 0.0447 0.4867 
I. 6tl 0.0201 0.0125 0.0878 7.80 0.3450 0.0442 0.4894 
1.70 0.0233 0.0137 0.0917 7.90 0.3460 0.0438 0.4921 
1.80 0.0270 0.0150 0.0959 8.00 0.3470 0.0434 0.4948 
1.90 0.0310 0.0163 0.1005 1.10 0.3480 0.0430 0.4976 
2.00 0.0354 0.0177 0.1056 d.20 0.3488 0.0425 0.5002 
2.10 0.0403 o.oln 0.1110 8.30 0.3493 0.0421 0.5024 
2.20 0.0457 0.0208 0.1170 8.40 0.3499 0.0417 0.5044 
2.30 0.0515 0.0224 0.1234 8.50 0.3503 0.0412 0.5064 
2.40 0.0579 0.0241 0.1303 8.60 0.3506 0.0408 0.5085 
2.50 0.0648 0.0259 0.1317 8.70 0.3508 0.0403 0.5105 
2.60 0.0723 0.0278 0.1457 8.80 0.3509 0.0399 0.5125 
2.70 0.0803 0.0298 0.1542 8.90 0.3509 0.0394 0.5144 
2.80 0.0890 0.0318 0.1634 9.00 0.3508 0.0390 0.5163 
2.90 0.0984 0.0339 0.1732 9.10 0.3507 0.0385 0.5182 
3.00 0.1084 0.0361 0.1837 9.20 0.3505 0.0381 0.5200 
3.10 0.1189 0.0383 0.1949 9.30 0.3502 0.0377 0.5218 
3.20 0.1294 0.0405 0.2061 9.40 0.3499 0.0372 0.5235 
3.30 0.1401 0.0425 0.2175 9.50 0.3495 0.0368 0.5251 
3.40 0.1507 0.0443 0.2289 9.60 0.3491 0.0364 0.5267 
3.50 0.1610 0.0460 0.2402 9.70 0.3486 0.0359 0.5283 
3.60 0.1712 0.0476 0.2512 9.80 0.3481 0.0355 0.5298 
3.70 0.1814 0.0490 0.2626 9.90 0.3475 0.0351 0.5313 
3.80 0.1907 0.0502 0.2727 10.00 0.3468 0.0347 0.5327 U"1 

3.90 0.2000 0.0513 0.2829 10.10 0.3461 0.0343 0.5341 '-' 
4.00 0.2090 0.0522 0.2933 10.20 0.3453 Q.0339 0.5354 
4.10 0.2171 0.0530 0.3026 10.30 0.3444 0.0334 0.5367 
4.20 0.2250 0.0536 0.3il5 10.40 0.3435 0.0330 0.5379 
4.30 0.2327 0.0541 0.3205· 10.50 0.3426 0.0326 0.5391 
4.40 0.2400 0.0546 0.3293 10.60 0.3416 0.0322 0.5402 
4.50 0.2464 0.0547 0.3367 10.70 0.3405. 0.Olt8 0.5413 
4.60 0.2527 0.0549 0.3443 10.80 0.3394 0.0314 0.5423 
4.70 . 0.2586 0.0550 0.3517 10.90 0.3382 0.0310 0.5433 



11.00 0.3370 0.0306 0.5442 
11.10 0.3357 0.0302 0.",451 
11.20 0.3343 0.0298 0.5460 
I!. 30 0.3328 0.0294 0.';467 
11.40 0.3311 0.0290 0.5474 
11.50 0.3293 0.0286 0.5480 
11.60 0.3274 0.0282 0.5485 
11.70 0.3254 0.0278 0.5490 
11.80 0.3233 0.0274 0.5495 
11.90 0.3211 0.0270 0.5499 
12.00 0.3188 0.0266 0.5502 
12.10 0.3164 0.0262 0.5505 
12.20 0.3139 0.0257 0.5507 

17.20 0.0817 0.0048 0.5073 12.30 0.3114 0.0253 0.5509 17.30 0.0741 0.0043 0.5054 12.40 0.3087 0.0249 0.5510 17.40 0.0675 0.0039 0.5035 12.50 0.3060 0.0245 0.5511 17.50 0.0603 0.0034 0.5015 
12.60 0.3032 0.0241 0.5511 17.60 0.0529 0.0030 0.4995 12.70 0.3003 0.0236 0.5511 17.70 0.0455 0.0026 0.4975 12.80 0.2973 0.0232 0.5510 17.80 0.0379 0.0021 0.4954 
12.90 0.2942 0.0228 0.5509 17.90 0.0302 0.0017 0.4932 13.00 0.2910 0.0224 0.5508 18.00 0.0223 0.0012 0.4911 
13.10 0.2878 0.0220 0.5506 18.10 0.0143 0.0008 0.4889 
13.20 0.2844 0.0215 0.5504 18.20 0.0062 0.0003 0.4866 13. ,0 0.2810 0.0211 0.5501 18.30 -.0019 -.0001 0.4844 13.40 0.2775 0.0207 0.5497 II Er 1 s o maal g~pn ~onv~rg~ntl~ b~r~1kt. 13.50 0.2739 0.0203 0.5494 
13.60 0.2703 0.0199 0.5490 
13.70 0.2665 0.0195 0.5485 
13.80 0.2627 0.0190 0.5480 
13.90 0.2588 0.0186 0.5475 
14.00 0.2548 0.0182 0.5469 
14. 10 0.2508 0.0178 0.5463 
14.20 0.2467 0.0174 0.5456 
14.30 0.2425 0.0170 0.5449 
14.40 0.2382 0.0165 0.5442 
14.50 0.2338 0.0161 0.5434 
14.60 0.2293 0.0157 0.5426 
14.70 0.2248 0.0153 0.5417 
J 4.80 0.2202 0.0149 0.5408 
14.90 0.2155 0.0145 0.5399 

. 15.00 0.2107 0.0140 0.5389 
15.10 0.2059 0.0136 0.5379 
15.20 0.2009 0.0132 0.5368 
15.30 O. J 959 0.0128 0.5357 
15.40 0.1908 0.0124 0.5346 
15.50 0.1856 0.0120 0.5334 
15.60 0.1803 0.0116 0.5322 
15.70 0.1750 0.0111 0.5310 
15.80 0.1695 0.0107 0.5297 
15.90 0.1640 0.0103 0.5284 
16 .• 00 0.1583 0.0099 0.5270 
16.10 0.1525 0.0095 0.5256 
16.20 0.1466 0.0090 0.5241 
16.30 0.1405 0.0086 0.5226 \J1 
16.40 0.1344 0.0082 0.5211 00 

16. SO 0.1282 0.0078 0.5195 
. 

16.60 0.1219 0.0073 0.5179 
16.70 0.1155 0.0069 0.5162 
16.80 0.1090 0.0065 0.5145 
16.91} 0.1023 0.0061 0.5128 
17.00 0.0955 0.0056 0.5i10 
17.10 0.0887 0.0052 0.5091 



, NumprtE'kE' ultkomsten "an dE' berekE'nlngE'n aDn dp PETTEN rr~oJ en. 
I Plr~hho"k 10.0 ~raden. 
I Vlrerna & Corrigan korrekrlp. 
/I Slankhpld • 17.2 
# Her gE'brulkre prof!E'] is NACA 23018 4.80 0.2047 0.0426 0.2582 
# De straBl "an dE' rotor 1s . 12.500 mer,,·r. 1,.90 0.2057 0.0420 0.2593 
H DE' rotor heE'fr 2 bladen. 5.00 0.2066 0.0413 0.2602 
/I Blj dE' bE'rekE'nlngen wordr lambda rl?lkens met 0.1 opg"hoogd. 5. I a 0.2073 0.0406 0.2610 

5.20 0.2080 0.0400 0.2618 
itCp- ,Cq- EN Ct-Jambda-kaTakteristiekpn voor dE'ze rotor: 5.30 0.2086 0.0394 0.2626 

5.40 0.2091 0.0387 0.2633 
Lambda Cp Cq Ct 5.50 0.2094 0.0381 0.2641 

5.60 0.2091 0.0373 0.2640 
0.10 0.0006 0.0059 0 •. 0615 5.70 0.2087 0.0366 0.2637 
0.10 0.0006 0.00.'J9 0.0615 5.80 0.2081 0.0359 0.2632 
0.20 0.0012 0.0061 0.0613 5.90 0.2074 0.0351 0.2625 
0.30 0.0019 0.0064 0.0612 6.00 0.2065 0.0344 0.2617 
0.40 0.0027 0.0067 0.0614 6.10 0.2055 0.0337 0.2608 
0.50 0.0036 0.0072 0.0618 6.20 0.2044 ·0.0330 0.2598 
0.60 0.0046 0.0077 0.0624 6.30 0.2030 0.0322 0.2586 
0.70 0.0058 0.0083 0.0632 6.40 0.2016 0.0315 0.2573 
0.80 0.0072 0.0090 0.0644 6.50 0.2001 0.0308 0.2559 
0.90 0.0088 0.0098 0.0657 6.60 0.1984 0.0301 0.2543 
1.00 0.0106 0.0106 0.0673 6.70 0.1965 0.0293 0.2526 
1.10 0.0127 0.0116 0.0693 6.80 0.1944 0.0286 0.2507 
1.20 0.0151 0.0126 0.0715 6.90 0.1921 0.0278 0.2487 
1.30 0.0178 0.0137 0.0741 7.00 0.1897 0.0271 0.2467 
1.40 0.0209 0.0149 0.0770 7~10 0.1872 0.0264 0.2445 
1.50 0.0244 0.0162 0.0802 7.20 0.1846 0.0256 0.2424 
1.60 0.0282 0.0177 0.0839 7.30 0.1816 0.0249 0.2398 
l. 70 0.0326 0.0192 0.0880 7.40 0.1785 0.0241 0.2370 
1. 80 0.0374 0.0208 0.0926 7.50 0.1752 0.0234 0.2339 
1. 90 0.0428 0.0225 0.0977 7.60 0.1717 0.0226 0.2307 
2.00 0.0488 0.0244 0.1034 7.70 0.1680 0.0218 0.2274 
2.10 0.0553 0.0264 0.1096 7.80 0.1642 0.0211 0.2240 
2.20 0.0626 0.0284 0.1164 7.90 0.1603 0.0203 0.2205 
2.30 0.0705 0.0307 0.1240 8.00 0.1562 0.0195 0.2168 
2.40 0.0790 0.0329 0.1321 8.10 0.1520 0.0188 0.2130 
2.50 0.0878 0.0351 0.1406 8.20 0.1476 0.0180 0.2091 
2.60 0.0965 0.0371 0.1490 8.30 0.1430 0.0172 0.2050 
2.70 0.1053 0.0390 0.1575 8.40 0.1383 . 0.0165 0.2008 
2.80 0.1139 0.0407 0.1658 8.50 0.1335 0.0157 0.1964 
2.90 0.1221 0.0421 0.1737 8.60 0.1285 0.0149 0.1920 
3.00 0.1302 0.0434 0.1818 8.70 0.1234 0.0142 0.1874 
3.10 0.1374 0.0443 0.1888 8.80 0.1180 0.0134 0.1826 
3.20 0.1445 0.0452 0.195/ 8.90 0.1124 0.0126 0.1777 
3.30 0.1511 0.0458 0.2024 9.00 0.1065 0.0118 0.1727 
3.40 0.1571 0.0462 0.2084 9.10 0.1004 0.0110 0.1674 
:1.50 0.1628 0.0465 0.2140 9.20 0.0941 0.0102 0.1621 
3,60 0.1682 0.0467 0.2196 9.30 0.0875 0.0094 0.1566 
3.70 0.1732 0.0468 0.2248 9.40 0.0808 0.0086 0.1510 
3.80 0.177 5 0.0467 0.2291 9.50 0.0739 0.0078 0.1452 
3.90 0.1813 0.0465 0.2330 9.60 0.0668 0.0070 0.1393 
4.00 0.1851 0.0463 0.2370 9.70 0.0595 0.0061 0.1333 
4.10 .0.1890 0.0461 0.2410 9.80 0.0520 0.0053 0.1272 U1 

'" 4.20 0.1928 0.0459 0.2451 9.90 0.0443 0.0045 0.1210 
4.30 0.1960 0.0456 0.2489 10.00 0.0365 0.0037 0.1146 
4.40 0.1982 0.0450 0.2512 10.10 0.0285 0.0028 0.1081 
4.50 0.2001 0.0445 0.2532 10.20 0.0202 0.0020 0.1015 
4.60 0.2018 0.0439 0.2550 10.30 0.01l8 0.0011 0.0948 
4.70 0.2033 0.0433 0.2567 10.40 0.0032 0.0003 0.0879 

10.50 -.0056 -.0005 0.0810 
1/ Er,h o maal gp~n ~otlvprgentje bpn>1kt. 
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11.5 DEMPSTER 14

task A. 3. a
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Numerjeke uitkomsten van de berekeningen aan de DEMPSTER 
Pitchhoek 0.0 graden. 
Viterna & Corrjgan korrektje. 
S]ankheid = 6.] 
Het gebrujkte profie] is GebPJaat 
De straa] van de rotor i~ 2.230 meter. 
De rotor heeft 18 bladen. 
Bij de berekenjngen wordt lambda teJkens met 0.1 opgehoogd. 

~p- ,Cq- EN Ct-lambda-karakteristieken voor deze rotor: 

Lambda Cp Cq Ct 

0.10 0.0221 0.2209 0.3288 
0.10 0.0221 0.2209 0.3288 
0.20 0.0469 0.2346 0.3376 
0.30 0.0763 0.2544 0.3551 
0.40 0.1138 0.2845 0.3894 
0.50 0.1718 0.3436 0.4753 
0.60 0.2196 0.3661 0.5480 
0.70 0.2440 0.3485 0.5585 
0.80 0.2536 0.3170 0.5429 
0.90 0.2539 0.2822 0.5170 
1.00 0.2517 0.2517 0.4924 
1.10 0.2463 0.2239 0.4671 
1. 20 0.2323 0.1936 0.4347 
1.30 0.2105 0.1619 0.3966 
1.40 0.1807 0.1291 0.3531 
1.50 0.1404 0.0936 0.3042 
1.60 0.0870 0.0544 0.2506 
1. 70 0.0222 0.0131 0.1923 
1.80 -.0540 -.0300 0.1293 
1.90 -.1348 -.0710 0.0604 
2.00 -.2103 -.1051 -.0075 

Er js 3 maal geen convergentie bereikt. 

64. 
mo]en. 
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11.6 WEU 1-4

talk. A. 3. b
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~ Numeri l"ke uitkomsten van de berekeningen san de WEU 14 moJen. 69. 
f Pi tchhoek 0.0 graden. 
! Vi terna & Corrigan korrektie. 

Slankheid 2.0 
Het gebruikte profjel is GebPl a+ bu] s 
DE' straa] van de rotor is 1.525 meter. 
DE' rotor heeft 8 bladen. 
Bjj de berekeningE'n wordt lambda tel kens mE't 0.1 opgehoogd. 

fCp- ,Cq- EN Ct-]ambda-karakteristieken voor deze rotor: 

Lambda Cp Cq Ct 

0.10 0.0166 0.1659 0.3115 
0.10 0.0166 0.1659 0.3115 
0.20 0.0352 0.1759 0.3192 
0.30 0.0569 0.1897 0.3338 
0.40 0.0835 0.2086 0.3583 
0.50 0.1162 0.2323 0.3968 
0.60 0.1537 0.2562 0.4472 
0.70 0.1784 0.2548 0.4728 
0.80 0.1939 0.2423 0.4804 
0~90 0.2097 0.2330 0.4883 
],00 0.2113 0.2113 0.4695 
1.10 0.2091 0.1901 0.4455 
1.20 0.2068 0.1723 0.4264 
1.30 0.2018 0.1552 0.4119 
1.40 0.1934 0.1382 0.3961 
1.50 0.1846 0.1231 0.3777 
'1.60 0.1723 0.1077 0.3573 
1. 70 0.1529 0.0900 0.3327 
1.80 0.1216 0.0676 0.3023 
1.90 0.0832 0.0438 0.2682 
2.00 0.0387 0.0193 0.2311 
2.10 -.0121 -.0058 0.1909 

II Er is o maa] geen convergentie bereikt. 
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II.7 CWD 5000
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cw 500 Ptt hoek graden 
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~ Numpriekp uitkomsten van dp berekeningpn aan de CWD 5000 mol€'n. 
~ Pit~hhoek 0.0 graden. 
q Viterna & Corrigan korrektip. 
q Slankheid 4.1 
# Het gebruikte profie] is GebPla+ bUls 
# De straaJ van de rotor is 2.500 meter. 
# De rotor heeft 8 bJaden. 
# Bjj de berekeningen wordt lambda teJkens met 0.1 opgehoogd. 

#Cp- ,Cq- EN Cr-Jambd6-karakteristieken voor deze rotor: 

Lambda 

0.10 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 

. 0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1. 70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 

Cp 

0.0089 
0.0089 
0.0184 
0.0289 
0.0406 
0.0540 
0.0697 
0.0882 
0.1103 
0.1373 
0.1711 
0.2153 
0.2585 
0.2819 
0.2940 
0.3013 
0.3115 
0.3047 
0.2938 
0.2840 
0.2758 
0.2623 
0.2475 
0.235] 
0.2215 
0.2052 
0.1853 
0.1556 
O. H85 
0.0762 
0.0291 
-.0222 

Cq 

0.0891 
0.0891 
0.0921 
0.0962 
0.1015 
0.1080 
0.1161 
0.1260 
0.1379 
0.1526 
0.1711 
0.1957 
0.2155 
0.2168 
0.2100 
0.2009 
0.1947 
0.1792 
0.1632 
0.1495 
0.1379 
0.1249 
0.1125 
0.1022 
0.0923 
0.0821 
0.0713 
0.0576 
0.0423 
0.0263 
0.0097 
-.0072 

# Er IS 0 maa) geen convergentje berpikt. 

Ct 

0.2750 
0.2750 
0.2764 
0.2801 
0.2866 
0.2963 
0.3098 
0.3280 
0.3521 
0.3841 
0.4276 
0.4906 
0.5607 
0.5874 
0.6025 
0.6149 
0.6219 
0.6047 
0.5823 
0.5644 
0.5524 
0.5404 
0.5276 
0.5136 
0.4985 
0.4822 
0.4637 
0.4389 
0.4097 
0.3777 
0.3434 
0.3073 
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This section is not called conclusions! because conclusIons 
can only be drawn after comparison with other methods and with 
meCi.surements. Thi s I'/i 11 be done in thi7? + i nal repm-t of the 
Benchmark test by Ris¢. 
Nevertheless, some remarks can be made here. 
As described in the incomplete draft of this final report, 
call ed: "Benchmark test on power cur've computat ions on wi nd 
tt_!l~bines .- .3. compendium; incomplete dr-aft, NcJY. '86" by Helge 
Petersen, Ris¢, the given profile characteristics of the 
Windmatic WM 17 S are already converted from 2-D data to 3-D 
data, in approH i matel y the se,me waty. Therefore the old ("0") 

and new ("n") curves are about the same, which is definih?ly 
different in all other calculation cases. 
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a-I 

Figures a.1 to a.8 and tables a.l to a.7 shows the 
aerodynamics characteristics of curved plates, with and 
without spar. No data are available for plates with a spar at 
1/3 chord position. In that case the data of the plate with a 
1/4 chord position spar can be used. 
If data are necessary which cannot be derived from the given 
data, one is free to interpolate or extrapolate. 
The given data are taken from [ref.2J. 
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a-IO 
Table a-I 

-----.-.-.-------.-.-------._.---------.---.. _-------.-._---.----
AE • tl0,000 

I ~ I camber: 10% 

1L."-. CI.. CO CL/CO _._ ... _.-.- ... -. __ .. -...... _ .. _.--------- .... __ ._._ .. -_.-._------
.4.~00 .".3Q,. 0.087 ·<&.5\.3 
-c.JD0 ·".2~a 0.383 -2.1 4 1 

0 • .10", 0.6J5 0.~81 1.73" 
A,000. 0.e.l e.e'l 1'1.2"5 
6."Vl0 e.,03 0.UtI '.3 1H 
'.a00 1.38'" 0."'1 15.1<'13 
t~.0Ad l,'4e 0.115 te.5 11 1 
12,300 1.484 0.1'St CI,S!' 
14,210a 1.417 0.215 6.t'Jl~ 

16,""''' 1.2t2 0.311 3.tt23 
le.e~a 1.184 0.3&6 3.23c 
20. ,HhlJ 1.2~1 0.421 2.8'" 
25.~00 1.ii!10 e.S37 .2.2'55 
''',000 1.368 ".1'S0 1.801'1 
",~00 1.3" ".'40 1.ard 
1".e0a 1.410 1,153 1.c~3 

50.~"0 1.215 1.48,. 0. ~'" 
'".e0a 0.'bl 1.630 0.5 0 0 
1111.00::1 0.b61 1.8~5 0.3b' 
80.000 ~" 339 1.931 0.175 
'5.00.1 ra.l'" 1.,02 0,084 
'e.ali} 0.0tl 1,938 ",0P15 
'5.a0e 0,1'1 1.953 S,0ee 
80.00a e.355 1.'811 0.1" 
'5.::I01i) 0.512 1.

8
"" 

e,275 
70,,00a 0.685 1.81l 0.318 
'''.00e 1,015 1. H'2 0,5 e'1 
5".3"" 1.272 1.440 a,883 
40.il"" 1.4te 1.124 1.255 
'a.~0e 1.4Z1 0.1bl 1.81te. 
25.000 1.2ft1 0.53e 2.350 
20.a00 1.21' 0.401 2.~U 
18.0013 1.214 0.3.' 3.3'-1 
1ft, ~D0 1.2" B.3t0 1&.054 
14.g00 1.4l1 0.222 ".4'U 
12.~00 I.A'5 0.131 10.8~' 
la,~0B 1.4ft1 0.111 13.223 
I. :,H~" 1.4~ft 0.iJ 8 2 11,138 
,.a0ra 1.351 B.J1~ a9.3 0 3 
4."00 e.e1' ra.aSo 10.1 8 2 
2.0210 0,,0;) a.JIII.., e.6i'b 
0.~0Kl l1J.l qa 0.~&" 3.llil 

curved plates ( Bruining ) 



a-II 

Table tiX.,~ 

.. ------_ .••.. --------_. __ .. ----_ .. _-------------- .. -.-- .. _._._--
RE • 1:"O,9"~ 

I ~ I camber: 10% 

ALII', CI.. CD eL./en ... -.. -....... ---.---------_.-... _-------.•....•....••... _------. 
Ia.a00 0.281 0.~&6 4.2-'8 

·2.000 -0.l1S 0.:312 ·l.Ol6 
-4,305 -0.3'2 0.085 .4.6d8 
-6.0"5 -0.362 0 .. ~'3 -3.8C11f 
.1.0AS -0.3:57 0.1f111e -3.351 
.e,005 -0.319 0.HH -l.'''''' -10.:311)0 -0.2"1 0.119 -c.4A6 
-8.~VJ5 -0.3041 0.101 -2.8"7 
.. b.Ja5 -0.3&5 0.3 CJ ] -3,917 
-4.~"5 .0.3C13 0,C85 -".&?2 
-2.iil05 -14.208 ra.c"] -.2.853 

0, :H1II1 0.2'1 0.0&6 '.12'2. 
2.0"0 0."'2 0.121&' 9,411 
4.0140 0.8&1 0.eTS 11.0&1 
5."5 1.3t5 e.~57 23.1)5. 
e.~00 1.3'4 0.0 1e 11. '"l 
9.9'5 1.448 0.101 '4.]"41 

11. ", 1.41 4 0.135 10.929 
13."&0 1.4'12 0.1ec 1.CJ83 
15.005 1.281 ".2e3 4.513 
2ra.ldeO 1.111 ".:SCJ9 2.'48 
25.000 1.2&0 0.550 2.2CJIlI 
l0.a0V1 1.3&4 ".741 1.84" 
45.""~ 1.3t3 1.268' 1.035 
&e ,IiH'0 0.983 1.&&~ ",5et2 
",9'5 0.4 et & 1.822 3.212 
84.Q'5 0.169 I.Q2e ".""e 
89."'5 e.0Ae 1.927 0.0'3 
84.'45 0.1

'
2 1.9'4 0.088 

1'.9'5 0.513 1.870 0,2'. 
&0.0'-"5 1.2'" 1.22b 1.0"8 
29,'ef5 1.361 0.7]3 I.SSe. 
1'.9~S 1.181 1.3'3 l.0P12 
14."5 1.28ft iii. 21ft 4.ftet3 
11 .. "5 1.41 2 0.1~1 11.2 4 ft 

'.'" 1.4'51 a.3.7 ' .. '''' 8.305 1.3115 iii. ill'" 18.853 
5.'115 1.315 ".0151 23.,,4t! 
3."5 1 •• UG EI.;)46 27.Cf44 
1.9'5 a.&" 1rl.0&9 '.""4 
a.000 0.2&1 0.2661 3.Q'1 

curved plates ( Bruining ) 



a-12 

Table (t-Z (cont.) 

.. ----_.-.-.....•. -.-.-.-.-.... _-._._--.- ..... --..... --._----- ... 
RE til 2A~,00a 

camber: 10% 

AL" CL CD CL/CO --_.-.---.-._.-._ .. _----_.-.-------._.-.-... _--_ .. _._-- ... _.----. 
-2.~"0 
.4.005 
-6.,,05 
.e.J05 

-1"'.1)0a 
-s.a"s 
-,. • lUlU 

0.0"0 
1.9ca5 
3,9'5 
",a05 
1.0"5 
ta.~o" 
12.305 
15.Q05 
21i1,300 
24.9'5 
30.01lt.1 
".9'5 
:59.995 
.5.01210 
60.3"5 
7"."'0 . 
85.,,0" 
cae. ''''0 
85.000 
14.995 
59,9'5 
.5.005 
39.9'5 
29.9'5 
lll.oell! 
14.995 
9.995 
0.005 

0.35id 
·0.096 
-e.l'5 
-0.]"6 
-0.]94 
-".]11 
-e.]05 
".9~2 
1.206 
1.288 
1.396 
1.489 
1,5"2 
1.609 
1.400 
1.263 
1.3'18 
1.441 
1.450 
1."0 
1.361 
1.EU 5 
e.5~2 
e.175 

·0."0] 
0.1 73 
0.530 
1.010 
1,355 
1.453 
1.416 
1.263 
1.40] 
1.'7, 
0.920 

0.055 
0.372 
0.0'1 
0.1~2 
0.1 4 ] 
0.121 
".~9a 
0.0 4 7 
0.0 4 2 
0.050 
0.\J61 
B.It79 
1.105 
8.150 
0.299 
8.1133 
0,b"'8 
B.787 
0."a 
1.1'0 
1.312 
1.111 
1. 9J 2 , 
1.979 
1.9'e 
1.96. 
1.934 
1.,99 
1.]06 
1.l'~ 
0.171 
0.431 
0.zcte 
8.104 
0.;;'47 

b.3t9 
-1.:5117 
-3."'" 
·].08' 
·2.7~4 
-3 • .,14 
-l.l0l 
19.529 
ze.752 
25.1ft7 
12.14, 
U,85' 
14,837 
le.7.7 

4.61'2 
2.'1t. 
2,2-' 
1.831 
1.4ft, 
1.240 
1.a37 
e.5C1t) 
e.27] 
e.e". 

-0.002 
i2l.0"8 
111.214 
e.~fl5 
1.AS1 
1,24 2 
1.837 
2.fI]4 
4,1V'7 

15,ra., 
19.50' 

curved plates (Bruining) 



a-13 

Table q:.-J 

-... ---.... --.-----.---..... --.------.----~-----.---.- - .. ----._ .. RE • .0,0DI 
eUls 11. 

1 
~ 

camber: 10% 

, V'l CL CO CL/CO ............ -....•................ -.•...•.•. -........ --... -.----. 
0.000 0.311'0 11'.05& 5.1'56 

·1.:;]11'5 0.1&5 0."". 2.Zb] 
-2.005 -0.133 1.01, ·1.'153· 
-3."e0 ·0.350 0.081 •• ,414 
.4.21e0 -0.411 iiI.rJ8a -5.cHi! 
·5.305 -e.422 0.21S8 -4.80& 
.'.005 -0. :u.a I.i.7 ·3.787 
.1.iil05 -0.33 .. 0.1111' -3.23' 
.1.0ea ·'.31' 0.111'. ·3.Bt& 
-,."ra0 ·0.2 •• ".1~" .a.4'8 
·'."5 ·0.282 0.123 -2.28] 
.1.010 .0.318 8.1"'2 ·].12l 
·'.005 ·0.31. 0.0'" .4.1 0 4 
• '.00, .0.437 0.31 • ·5.'11 
.2.0ra0 -0.151 8.0'3 .2.081 

D.000 0.32ii1 0. ill It. 4.863 
8.'" 8.401 0.01t' 1t.314 
l.000 0.51. 0.315 •• 8" 
2.'" 1.58' 1.1lI54 tl1J.8:n 
'.0e0 0.64b 0.04a 13.3b5 
5.e30 0.722 0.218a 1.235 
'.00" I."'. l.a 8 ' 12.1"7 
1.a0" 1.110 0.0'1 t2.155 
'.a0' 1.151 8.O" 15.4 A4 
,.,,0i 1.2L'l2 ".1 111 2 U .1~8 

10.0"" 1.255 I.eqa U.824 

U • '''H' 1.2'PI 1.111 11.,3' 
12.005 1.328 e.U8 to.2e. 
13.00111 1.281 e.151 1.5·' 
13.'" 1.2.' 0.225 5.b32 
15."'" 1.131 1.212 4.111] 
15. "5 1.01' 1.3m5 ].5~a 

SI.e!!, 1.eT2 e.3 4 6 3.1d.' 
2e."83 I.e'] e.l 4l ] a.1T' 
22,505 1,0lt0 0.404 a,3". 
25.e01l1 1.162 111.545 a.l'l 
aT.'8111 l.2Ta 1.f)5, 1.'3S 
2'.'ft5 1.]4Z 111.1" 1."2 
32.4" 1.3lt4 e.a5' 1.5e7 
:51."111 1.]4ft 1.'31 1.443 
37.,e5 1.347 1.0Z11 1.315 
10.J05 1.l'Sl 1.121 1,eP" 
42 • .:&'5 1.301 1.1 et 0 1.e"fJ 
'4,1'5 l,Z'" I,Z1, 1.016 
.7.4" 1.214 1.310 1,1:127 
.'."5 1.215 1.:S·' 0.8'" 
'2.5130 1.12' 1.43' 1.184 
55."e0 1.0ft1 1.5i2 1.111 
51.4'5 1.05A 1.'01 0.1>'58 

curved plates ( Bruining ) 



a-14 

Table t{:-3(cont.) 

_ ..... _-.. -. __ .... -.-.. ---_.-._._--_ .... -..... _._.-._.-._._-_._--
RE • tt0,~JfII 
eUIS 1/14 

carabert lO! 

'LFA CD CL/CD .-------.. -.---.-.-.----_._._---_._.-----._------------_ .... -.. -. 
M'I.rcH'JS 
fl4."S 
"."5 
"S,tJ0S 

.,'.'
Cl 5 

85.D-aS 
".uag 
'5.11105 
7C1.9C1, 

""."5 
6 •••• ' 
• 4."5 
5 •••• ' 
55.0011 
50.31, 
.!,;)lIIa 
3 •••• 5 
!4,." 
3111,0111a 
21.,a5 
25,"00 
12,53' 
20,0111 

11. '''' 15.0111e 
1.,0"" 
13.""0 
11.0"21 
11.00a 
11.000 .... , 
•• aae 
1.335 
5.9'5 
•••• S 
4.00B 
1 •• '5 
1."5 
0 •• CI, 
0,0"a 

e,'ft1 
a.aZl 
1I.651lJ 
0,511 
21.11., 
21,111 
0.a11 
11.1 1 ' 
1,]4. 
a.,,'!] 
l,fl5" 
a,alT 
1."5" . 
1,120 
1,1'2 
1.302 
1.3'3 
1,]Cle 
I.]·' 
1.25' 
1.155 
1."'1 I,"'. 1, 114 
I.lft] 
1.e!4' 
1.2" 
1.]132 
1.2a2 
1.2ft5 
1.207 
1.1 8 .! 
1.1°' 
1.0C1", 
1.a8a 
a.'5.! 1,"., 
1I,4C1a 
1,4~l 
1.2a5 

I.'·' 1.7ft] 
1.'23 
1.92. 
2.113 
I."'" 1.'Ha 
1.!feet 
1. ~U~5 
1.8A4 
1,1 C1 T 
1.1l • 
1."'. 
1.4'4 
'.351 
1.261 
I,ll' 
1.'48 
e,.,48 
a,".!11 
11.51] 
11.425 
il.~a4 
11,33" 
11.2'] 
I.ZIet 
1.1 4 1 
0.118 
1.0" 
0.a18 
11.,,81 
I,a'" 
e.ra'" 
e."IIe! 
0.05 • a.,,·' 
0,054 
a ,GUt&! 
0.053 
l.a5a 

curved plates ( Bruining 1. 

{J.StH 
0,"-'6 
0.351 
0.2'" 
0.11ft 

III."'" 
111.01' 
0,04 ] 
1.18! 
1,213 
1II.3ft5 
0.4l1 
1.54 ft 
0.13' 
11.8"3 
1.0li 
1.24 0 1.· .. ., 
,.aPIl 
2,030 
2,252 
2,524 
2,'flb 
3.3 01 4 
4.423 5.'.3 
•• 1"5 

tl.0Bl 
ti.4J5' 
14.ll)] 
15.0" 
l b e-"4J 
15.5'4J 
t3,~.5 tl.,,'., 
13,3'4 
111.733 
7.q25 
7.581 
4.~Etl 



Table q~ 'I a-I5 

_._-----_._.-.- ... -.. -•.. _-.-.-.---.---_.-----_.-._._.-.. --~.-.--
RE • 10Q,~03 
"uts 1/"'C I ~ 

camber: 10% 

ALF' CL CO CL./CO .-.-... -.--~ .... -.----.---.---.-.--.. -.-.---.-----.-.-----_.-._-. 
0.01a a.322 ".0"3 5.145 

-1.eI5 0.181 e.0&1 i.~a4t 

-i. "lUI -e.lft5 8.0'" -l.383 
-3.0"5 .8.342 8.018 .4.31& 
-4."e" ·m.4t0 B.Z8l .4.'~Cf 

.5.0"0 -0.413 111.081 .4.153 

.e..3e, -B.381 8.0 fl 4 e4.lllb1 

.8.De5 -8.3ie e, S '" -l • .,-" 
-',8e5 -e.311 e.iIlQi • ... l91l 
-"."el ·e.405 0.eft2 -4.Q,ii': 
-i.005 -0.1151 0.3ftS -Z.3i8 
e,lea e.334 e.~t.2 5.4t' 
1.105 0,41! 0.0t.ft ft.5Sq 
1."5 0.53ft 0.0'7Z 7,4 1 , 

l."5 a.ftOl e.,,&' ,.u0 
3,'.5 0.145 0.C,.rl U.4"Z 
4,"5 1.0'5 0.05' 18.071 
5 •• '5 1.100 e.0'4 14.815 
'."5 1.115., 0.071 J5."'" 
1,"5 1.207 0_080 15,a"';, 
• ,'HlJe 1.l53 0.eS8 ta .iH"'1 

'."5 l.lS? e. Uill li.'!' 
tl,,,e,, 1.30l 8.113 11.51] 
12,505 1.31l 0.~41 e.q~4 

14 •• '! 1,1 11 0 8.l1ft 4.12' 
11.50e 1.013 e.33' :S.l"l 
1 •• 9., 1.8",4 e.l89 2,11ft 
22.'05 I.e'ft 0,448 2,4911 
24,"5 1.1'3 8.5150 i.l"1 
2T.4 ft 5 1,2"9 e.," I,". 
'0.01111 1.3]0 e.?!? 1.758 
!i.4.5 1,3U' 1,81' l.b~5 

34.9·5 1.3M, e.9 1 5 1.445 
37,505 1.]~' 1.121 1.1ite 
41.0"''' 1.337 1.le4 S.2U' 
42.500 1.]16 1.1'1 1.1" 
45,01118 1.~11 S,l'] 1.02~ 

4'."", 1.~1J1 1,3'1 8.'15 
.'.9'5 l.iU] l,42i e.81t;a 
55.001 I.U9 1.561 0.U. 
.e.011 I."? ".'a 1,5S8 
ft'."5 e."2 1.'A4 1.367 
"'.'.5 e.341 1.184 111.181 
8.11."5 8.11' 1.lIn5 fI.I" 
8'.0(110 e.031 1.'1' 8.019 
85.000 RI.114 1.'08 0,3 ft , 

" •• "5 iI.34' 1.921 e.181 
"."5 III."'" 1.81. 0.3"1 
60. 'H'" e.'~4 1 •• dZ 0.542 

curved plates ( Bruining 1 



a-16 

Table .e--f (cont.) 

---..... -...•..... -_ ... _---.-_._-_ ...... -.. -----.... _-._.---_._-. 
RE • HID,OOd 
IIJulS llle 

camber = 10% 

~LFA 

[~ 
CL eo CL/CO ._ ..... --..•...... -••.•..... -_ •..•.•.....•...... ---_ .. ---- .. -._-. 

54 • .", 

.'."5 

.5. :JII1I:1 
IZ.30B 
:14, "5 
ll,~" 
2 ••• ', 

·21,"5 
24.'9, 
2~.5eB 

2".~"5 
17.4'S 
14.'~S 
1".J3S 
13.,,00 
11. ,., 

'."5 
',a00 
5,,95 
3."5 
1.995 
0.00" 

1,3e5 
1.211 
l,i~6 
1.40' 
1.340 
1.355 
1.:US 
1.2'\11 
1.119 
1.0" 
1.B83 
1.0" 
1.116 
1.21' 
1.31110 
1.325 
l.ze? 
1.207 
1.1"'2 
1.D51 
0.52e. 
0.323 

1.510 
1.435 
1.12l 
1.154 
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# Gebruikte gegevens van de Wind Matie rotor. 

# De s]ankheid bedraagt 13.1778. 
II ABntal bladen: 3 
# Het gebruikte profieJ is NACA 63215 
# De straaJ van de rotor is: 8.5 

# Het toerenta] bedraagt 55.0 toeren per minuut. 
# De pitch hoek is 1.3 graden. 
# De gevevens van de diverse stations op het blad zijn: 

Xr Cr BETA 
0.20000 0.12824 0.28449 
0.30000 0.11824 0.18850 
0.40000 0.10882 0.12915 
0.50000 0.09941 0.09076 
0.60000 0.09000 0.06458 
0.70000 0.08059 0.04887 
0.80000 0.07118 0.03840 
0.85000 0.06648 0.03403 
0.90000 0.06177 0.02967 
0.95000 0.05706 0.02618 
0.97500 0.05471 0.02443 
0.99990 0.05235 0.02269 

# Gebruikte gegevens van de NIBE B 

# De sJankheid bedraagt 18.1818. 
# Aant a] bJ aden: 3 
# Het gebruikte profieJ is NACA 4418 
# De straa] van de rotor is: 20.0 

rotor. 

# Het toerental bedraagt 33.4 toeren per minuut. 
# De pitch hoek is -2.0 graden. 
# De gevevens van de diverse stations op het blad zjjn: 

Xr 
0.10000 
0.20000 
0.30000 
0.40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.85000 
0.90000 
0.95000 
0.97500 
0.99000 
0.99990 

Cr 
0.12000 
0.11000 
0.10000 
0.09000 
0.08000 
0.07000 
0.06000 
0.05000 
0.04500 
0.04000 
0.03500 
0.03250 
0.03100 
0.03000 

BETA 
0.15621 
0.14120 
0.12322 
0.10123 
0.07854 
0.05585 
0.03316 
0.01047 

-0.00087 
-0.01222 
-0.02356 
-0.02923 
-0.03264 
-0.03488 

b-2 



# Gebruikt~ geg~vens van de DEBRA 25 rotor. 

# De slankheid bedraagt 26.0552. 
II AantaJ bJad~n: 3 
H Het gebruikte profieJ is NACA 4418 
H De straal van de rotor is: 12.5 

H Het toert>ntal bedraagt 33/50 toert>n per minuut. 
II De pitch hoek :is +If.O graden. 
# De gevevens van de diverse stations op het blad zijn: 

Xr Cr BETA 
0.16000 0.05368 0.17104 
0.20000 0.06440 0.11310 
0.24400 0.07168 0.08831 
0.30000 0.06800 0,06981 
0.38000 0.06272 0.04189 
0.44000 0.05880 0.02182 
0.55040 0.05152 -0.00908 
0.70000 0.04168 -0.03491 
0.82000 0.03376 -0.04730 
0.90000 0.02840 -0.05166 
0.98000 0.02424 -0.05222 
0.99990 0.02320 -0.05236 

# Gebruikte gegevens van de PETTEN 

/I De slankheid bedraagtI7.2414. 
II Aant a] bl adE'n: 2 
II Het gebruikte profiel is NACA 23018 
# De straa] van de rotor is: 12.5 

# De pitch hoek is 0.0 graden. 

rotor. 

# De gevevens van de diversE' stations op het blad zijn: 
Xr Cr BETA 

0.08000 0.14910 0.21049 
0.15000 0.13960 0.17364 
0.25000 0.12600 0.12099 
0.40000 0.10560 0.04853 
0.50000 0.09200 0.01657 
0.60000 0.07840 -0.00708 
0.70000 0.06480 -0.02550 
0.80000 0.05120 -0.04038 
0.85000 0.04440 -0.04682 
0.90000 0.03760 -0.05272 
0.95000 0.03080 -0.05816 
0.97500 0.02740 -0.06072 
0.99000 0.02540 -0.06221 
0.99990 0.02400 -0.06317 

b-3 



# Gebruikte gegevens van de DEMPSTER 

# De s]ankheid bedraagt 6.0764. 
# Aant a] b] aden: 18 
# Het gebruikte profie] is GebP]aat 
# De straa] van de rotor is: 2.2 

# De pitch hoek is 0.0 graden. 

rotor. 

# De gevevens van dp diverse stations op het blad zjjn: 
Xr Cr BETA 

0.46480 0.09390 0.78540 
0.55000 0.11501 0.74142 
0.65000 0.13979 0.68975 
0.75000 0.16457 0.63809 
0.80000 0.17696 0.61226 
0.85000 0.18935 0.58643 
0.90000 0.20174 0.56060 
0.95000 0.21413 0.53494 
0.97000 0.21908 0.52447 
0.99000 0.22404 0.51417 
0.99990 0.22770 0.50911 

# Gebruikte gegevens van de WED 14 rotor. 

# De sJankheid bedraagt 2.0450. 
II Aanta] bladen: 8 
# Het gebruikte profiel is GebPla+ buis 
# De straa] van de rotor is: 1.5 

# De pit~h hoek is 0.0 graden. 
# De gevevens van de diverse stations op het bJad zijn: 

Xr Cr BETA 
0.41000 0.28900 0.70860 
0.54100 0.28900 0.64577 
0.65000 0.28900 0.59341 
0.75000 0.28900 0.54629 
0.86900 0.28900 0.48869 
0.90000 0.28900 0.47473 
0.95000 0.28900 0.45029 
0.97000 0.28900 0.43982 
0.98000 0.28900 0.43633 
0.99000 0.28900 0.43110 

# Gebruikte gegevens van de CWD 5000 rotor. 

/I De shnkhe:id bedraagt 4.1120. 
# Aanta] bladen: 8 
# Het gebruikte profie] is GebP]a+ buis 
# De straa] van de rotor is: 2.5 

# De pitch hoek is 0.0 graden. 
# De gevevens van de diverse stations op het blad zjjn: 

Xr Cr BETA 
0.26800 0.17800 0.67195 
0.37000 0.17800 0.61261 
0.46400 0.17800 0.55851 
0.55000 0.17800 0.50789 
0.64400 0.17800 0.45379 
0.73000 0.17800 0.40317 
0.82400 0.17800 0.34907 
0.90000 0.17800 0.30543 
0.95000 0.17800 0.27576 
0.97000 0.17800 0.26354 
0.98000 0.17800 0.25831 
0.99000 0.17800 0.25307 

b-4 
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