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PREFACE

This report was prepared by S. J. Miley of Texas A&M University,
Department of Aerospace Engineering, Subcontract No. PFY 12781-W
for Rockwell International Corporation's Wind Energy Research
Center under their contract No. DE-ACO4-76DP035333. As  of
October 1, 1984, the Wind Energy Research Center is under the
operation of the Sclar Energy Research Institute, which cocrdin-
ated the publication cf this report under Task No. 4807.20.
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SECTION 1.0

INTRODUCTION

The prediction of wind turbine performance requires airfoil data at Reynolds
numbers lower than those used for aircraft operation, Even wind turbines with
rotor diameters in excess of 100 feet rarely operate at Reynolds numbers
greater than several million.

Until the publication of A Catzlog of Low Reynolds Number Airfoil Data for
Wind Turbine Applications® in 1982, available airfoll data for this purpose
were widely scattered in a variety of publications not known to most wind
turbine designers. The catalog was developed by this author at Texas A&M
University under coutract to Rockwell International, which operated the Rocky
Flats Wind Systems Program for the U.S. Department of Energy. The rasulting
publication includes airfoil data up to a Reynolds number of 3,000,000.
Airfoils covered in the catalog include the Eppler series; the Wortmann FX
series; the Gottingen Go series; and the NACA four-digit, five—digit, and six—
digit airfoils.

The data presented in the catalog were obtained in the following manner from
the respective reports and papers. Data values were taken from the original
graphical curves using a digitizing procedure. Each graph was placed on a
digitizing board which was counected to a wlcrocomputer. A data digitizing
program code was formulated to operate the systems Four reference points were
selected for each graph coordinate system tao develop a ecoordinate
transformation. This procedure helped compensate for any distortiom that may
have been introduced into the original graph as a result of reproduction. The
digitized data were stored on floppy disk for additional processings The
tabulated values were obtained from the digitized values using a standard
cubic spline iunterpolation procedure. As part of the processing, the drag
coefficients were converted from dependency on lift coefficient to dependency
on angle of attack to facilitate use of the tabulated values for SWECS
performance analyses. The interpclation procedures used for the drag curves
required congiderable effort. The steep slopes at the ends of the drag curves
caused numerical instabilities which resulted in large gyrations in the
interpolated curve bhetween the original data points. A ccordinate
transformation using the reciprocal of the log of the drag coefficient was
ultimately found to work satisfactorily.

After the catalog was published, it was brought to the author's attention that
the cubic spline fitting routine used in generating the curves from discrete
data caused inaccuracies for some of the airfoils. This problem was primarily
related to airfeils having a sharp drag ris2 at stall, such as those developed
by Eppler and Wortmann. The curves for these airfolls exhibit excessive

*Miley, So J., February 1982, A Catalog of Low Reynolds Number Airfoil Data
for Wind Turbine Applications, RFP-3387, Golden, CO: Rockwell International
Corp. .
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smoothing of the drag data in this region due to the fitting routine employ-
ed. A point—to—-point curve fitting routine was found ta produce more accurate
results. Differences in one of the affected airfoils can be seen by comparing
Figures 1-1 and 1-2.

In the interest of achieving the greatest possible accuracy for performance
prediction, it was decided to issue this addendum to the catalog correcting
the drag data for the affected. airfoils. A point—-to—point curve fitting
routine has been used throughout the addendum. .

To ensure use of accurate data cuvves, it is recommended that Table 1-1 be
reproduced and pasted over the Table of Contents page in the original cata-
loge The contents page will then automatically refer the user to the correct
volume for each airfoil.

The airfoil data presented in the addendum include a graphical presentation of
airfoil characteristics including 1ift coefficient, drag coefficient, pitching
moment coefficient at the quarter=—chord, and lift/drag ratio; and a tabulation
of the coefficlent values as a function of angle of attack {ADA) and Reynolds
nunbere. 1f more npages are required for the data, the page formats are
repeated.
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Table 1-1. Todex of Airfoil Data

Catalog Addendum Catalog Addendum
Page Page Page Page
AH 79-100A A-4 8 GO 409 A-198
AH 79-100B A-8 10 GO 410 A-202
AH 79-100C A-12 12 GO &17A A-206 46
CLARK ¥ A-16 14 GO 436 A-210
E 61 A-20 16 GO 508 A-214
E 193 1-24 18 GO 535 A-218 48
E 203 1-28 20 GO 564 A-222
E 385 A-32 22 GO 596 A-226
E 387 A-36 24 GO 608 A-230
E 474 A=40 26 GO 609 A-234
E 475 A-b4 28 GO 610 A-238
FX 38-153 A—-48 GO 622 A-242
FX 60-100 A-52 GO 623 A-246
FX 60-126 A—56 30 GO 624 A~250
FX 60-126/1 A=62 32 GO 625 A-254
FX 60-157 A—66 GG 652 A-260
FX 60-177 A-70 GO 683 A~264
FX 61-140 A-T4 34 GO 708 A~268
FX 61-147 A-80 Go 711 A=272
FX 61-163 A—-Bh GO 735 A-276
FX 61-168 A-88 GO 738 A=-280
FX 61-184 A-92 GO 741 A-284
FX 62-K-131 A~96 36 GO 744 A~288
FX 63-137 A-100 38 GO 746 A-292
FX £3-143 A-106 GO 765 A-296
FX 63~145 A~-110 GO 767 A=-300
FX 63-147 A=114 GO 769 A-304
FX 63-138 A-118 Go 775 A-308 50
X 66-17A-175 A-122 6o 776 A=312
FX 66-17A11-182 A-126 GO 795 A-316
FX 66~5~161 A-130 GO 796 A=-322
FX 66~5-196 A-134 Gco 797 A-326
FX 66-5-196 V1 A-138 co 801 A-330 52
FX 72-MS-150A A-142 Go 803 ‘ A-338
FX 72-t5-150B A-146 GO BO4 A-342
ra 1 111-lae a—ilou Gy 25-5(11)8 A-346
FX L V-152 A-154 K 2 A-350 56
FX M2 A—-158 40 M-300 A-354
FX 8 02-19% A-162 42 NACA 0009 A-358 58
FX S 02/1-158 A-166 44 NACA 0012 A-366 62
FX & 03-182 A-179 NACA 0015 A-378
GO 227 A-174 NACA 0018 A-384
GO 242 A-128 NACA 2412 A-390 70
GO 243 A-182 NACA 2415 A-398
GO 289 A-186 NACA 4409 A-402 74
GO 335 A-190 NACA 4412 A-410
GO 342 A-194 NACA 4415 A=420
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Table l~l. Index of Airfuil Data (Concluded)

Catalog Addendum : Catalog Addendum
Page Page Page Page

NACA 6412 A~434 NACA 64(1)-012 A-500
NACA h712 A-440 NACA 64(1)AZ212 A-508
NACA 8318 A-~446 NACA 64(1)-412 A—-514
NACA 2R(2) 12 A=452 NACA 64(1)-612 24-520
NACA 23012 A-458 NACA 64(2)-415 A-526
NACA 23012-33 A-472 NACA 64(3)-418 . "A-534
NACA 23015 A-478 NACA 65(2)-415 A-540
NACA 63(2)-415 A-484 NACA 66(2)-415 . A=546
NACA 63(3)-618 A-490 NACA Ls(1)~0413 MOD A-552
NACA 64-409 A-494 NACA LS{1)-0417 MOD A-556

SOKOLOV A-562 80
U1-1720 A-566
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