This paper by Walt Lounsbery of Wichita, Kansas
provides a very important tool to the analyst who is
using the available low Reynolds number wind tunnel
data to predict the performance of R. C. sailplane
designs. It also shows the effectiveness of "home
type" combuters in performing the repetative mathema-
tical operations necessary when you're doing this

type of study.

\. I/ nowledge is one. Its division into subjects
w4\ is a concession to human weakness.
o, 8 —HALFORD JOHN MACKINDER




Simple Calculation of Airfoil Moment Coefficients
Walter Lounsbery

"I cannot hope to grasp the impact of this momentous occasion."
- Casey Jones

"What follows is magic."
- Harry Houdini

After reading Dieter Althaus' recent book on model aircraft-type
airfoil sections, I was struck by an immediate desire to see how these
could be used to improve performance of my models. Many other people
seem to have this near-universal reaction, some of which have never
attempted any kind of aircraft design before. One cannot help being
overcome by such a large collection of reliable experimental data. It
is unfortunate that this encyclopedia of section properties does not
provide all the information we need to estimate glider performance from
airfoil section data.

The stark reality of the situation, at least for performance
estimation, is the lack of moment coefficient data on every one of the
airfoils in Althaus' book. The lack of moment data is serious, but it
is certainly not an intentional omission. There can be no doubt that
the people who produced the airfoil data were concerned with the moments
the airfoils generated, but the equipment at hand was incapable of
measuring those moments.

The serious glider performance "hacker" will recognize that the
moment data is needed for the following reasons:

1. Essential for stabilizer sizing.

2. Determines if flaps are feasible for a new or old design
(flaps greatly affect the moments generated by the wing).

3. The moments influence stabilizer loading, and therefore the
stabilizer induced drag - up to ten percent of total drag or
more.

Any one of the above reasons could give us the feeling of being
left out in the cold. However, recognizing that performance estimation
is nothing better than an educated guess, it is possible to loosen up
the standards of computation and estimate that moment, too. Perhaps the
best way to estimate the section moment coefficient is through the
application of thin airfoil theory.
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A complete discourse on thin airfoil theory is completely outside
the scope of this short article. Basically, the airfoil can be
mathematically modelled by an equivalent airfoil of zero thickness which
is identical to the mean line of the airfoil in question (the mean line
is midway between the top and bottom of the airfoil. Air flow and lift
about the airfoil can be simulated by placing a continuous or discrete
vortex distribution along the mean line and integrating the airfoil
properties using Fourier Series techniques. Since that is really more
technical than most technical masochists want to get, I will present the
results only, along with the definitions of two functions that will be
usefull shortly. For the sake of completeness, Figure 1 illustrates the
lift, drag, and moment conventions on the airfoil, as well as the
airfoil coordinates and the formulas for normalized coefficients.
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It is time to specify what is being done here, so there will not be
too much postage wasted on nasty letters. The moment coefficient of an
airfoil moving through an incompressible and inviscid fluid (no Mach
number or boundary layer effects) is constant as measured about the
quarter-chord point, no matter what the angle of attack or 1lift
coefficient. This point (constant moment) is the defined point for
aerodynamic center of the section. If a weighted average of an entire
wing is taken with respect to chord, the average quarter-chord location
will also be close to the aerodynamic center of the wing. The problem,
the single biggest problem for anyone concerned with model aircraft, is
viscosity and effects associated with Reynolds number. The various
kinds of boundary layer separation that occur on our airfoils throughout
the entire flight regime prevent us from applying the abstract fluid
theory to our real world with certainty. In practice, there is no
aerodynamic center, and experimental results show a variation of
quarter-chord moment coefficient with angle of attack. Usually we can
apply the quarter chord moment coefficient predicted by the thin airfoil
theory and get a fair estimate of the actual moments generated.
However, it must be realized that large separation will entail large
errors. Airfoils that exhibit highly nonlinear 1lift curves are
particularly suspicious.



Keeping this in mind, we are ready to apply the theory. While the
previous formulas are difficult to apply to an arbitrary airfoil in
their raw form (egqns. 1 and 2), two functions may be tabulated to help
smooth the calculation (egns. 3 and 4). A rough estimate of zero-lift
angle and moment coefficient may be performed with the aid of this table
assembled by H. Glauert:

x gm/ £500 X
0.025 -2.09 6.10
0.05 154 4.13
0.10 -1.18 2.67
0.20 -1.00 1.50
0.30 -0.99 0.87
0.40 =108 0.41
0.50 527 0.00
0.60 1162 -0.41
0.70 -2.32 -0.87
0.80 -3.98 =150
0.90 -10:6 -2.67
0.95 -29.2 =413

Although it can be recognized that the values of these functions
are zero at x=0, there is some significant calculus needed to learn that
the value of £, (x) is zero at x=1.0, and highly dependent on the mean
line shape betwéen %¥=0.95 and x=1.0. In most cases the mean line can be
assumed straight in this area, and substitution and integration over the
interval will show that the contribution for £, (x) is -2.87 times the
height of the mean line at x=0.95. The functibn £,(x) does not suffer
from such wild behavior, though, and may be mtegrgted over the whole
chord using trapezoidal integration. For those unfamiliar with
trapezoidal integration, an easy approximation to the integrals of
equations 1 and 2 follows:
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After going to all this trouble, what do we have? Well, the
equations furnish the zero lift angle in radians, and we would probably
desire that in degree units (multiply by 57.3). Now we know everything
there is to know about the airfoil in inviscid, incompressible flow, and
have a good idea of what it does in the real world. Naturally, there
are ways to check the accuracy of this method. I have implemented a
computer program which helps compute moment coefficients for arbitrary
airfoils, in the BASIC language (see listing at the end of the article).
Although I was unable as of this writing to check airfoil data that is
exactly in our Reynolds number range, the basic computation should be
valid for our estimation since viscous effects do not enter in to the
method. The findings are summarized in the following table:

Airfoil Computed C::_\gc_ Actual Cma;c
NACA 2412 -0.0446 -0.045
Eppler 662, 15% thk. -0.16 -0.15
NACA a=0.3 7.2% mean line -0.0943 -0.106

The table seems to show a good agreement with the real world.

Naturally, I have managed to keep the best part for last so that
you, the reader, would have to read clear through this boring
dissertation by me, the author. I have been able to run several airfoil
coordinates through the program with the following results:

Airfoil C

nac
FX60-100 -0.122
FX60-126 -0.118
FX63-137 -0.2367
FX-M2 -0.114
Eppler 193 -0.0769
NACA 2412 -0.045 *
GOE 795 -0.0573

* Note: NACA data is actual C measured
at higher Reynolds nuiber.

I hope to compute the moment coefficients of several more airfoils as
time allows, and send them along. In the meantime, please apply the
following program, or your fawvorite calculator.
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ATRFOIL CMAC PROGRAM NOTES

This program is designed to be run on a wide variety of computers
and only has a few features peculiar to its native machine, the
Commodore VIC-20. Since Commodore uses an enhanced version of Microsoft
BASIC, any machine that has a dialect of Microsoft BASIC or runs a BASIC
close to the ANSI standard can run this program with few modifications.
This includes all other Commodore computers, Northstar, the TRS-80
computers (except their Pocket Computer), the Apple II (especially easy
for Applesoft), the IBM Personal Computer and their mainframe BASIC, the
Wang computers, the Superbrain, and many other machines. The
non-standard features are the PRINT#4 statements, which direct output to
the printer, and the use of the pi symbol to represent the actual value
of pi (3.14159...). I also used multiple statements on some line
numbers, this is not allowed with a few interpreters, and on the
Northstar the colon statement delimiter is replaced by a backslash.
Rather than detail how to format the print for non-compatible machines,
I will just remark that this is a fairly simple task which is made
easier by examining the flow of the program, which follows.

ATRFOIL CMAC PROGRAM FLOW

INDEX LINE # OPERATION
MAIN PROGRAM
1 160 Dimension arrays - DIM U(2,60),L(2,60)
2 165 Define integral functions - FNA(Z)=f2(z) 7
FNB(Z)=fl(z)
3 170 Move READ pointer to start of DATA statements -
RESTORE
4 180 Read airfoil name, zero lift angle, coordinate %
5 190 Read upper coordinates - U(I,J) : I=l is x
coord.
I=2 is z
coord.
J=1 to the #
of coords.
6 Rea Read lower coordinates - L(I,J) : similar to
Uu(z,J)
7 220 Print airfoil name, header for coordinates
8 280 Print coordinates

9 360 Convert zero lift angle from degreees to radians



ATRFOIL CMAC PROGRAM FLOW (CONT'D)

INDEX LINE #

OPERATION

10

2k

12

13

14

15

16

X7

18

19

365

370

390

395

410

420

460

470

510

540

560

590

610

Main Program (Cont'd)

If coordinates are chord-normal go to step 12
(FC=0)

Convert coordinates from % to chord-normal

Initialize moment integral (IN=0), set to first
coordinate point (XC=0.01)

Find upper/lower surface coordinates - GOSUB 500

Compute moment integral (IN), zero lift angle
integral (IA) over interval x=0 to x=0.01

Find surface coordinates at x=0.99 - GOSUB 500

Compute moment and zero lift angle integral over
the interval x=0.99 to x=1.00

Sum the moment and zero lift angle integrals
from x=0.01 to x=0.99 with step delta x-0.01

Compute C_ with computed zero lift angle (Cl)
and Cm fith given zero lift angle (C2)

Print moment coefficients and zero lift angles

Surface Coordinate Subroutine

Search for coordinate U(l,J) greater than XC

Compute upper surface coordinate by linear
interpolation

Search for coordinate L(1,J) greater than XC

Compute lower surface coordinate by linear
interpolation

Compute mean line coordinate (ZM)



Same notes of interest about the program:

The program will calculate the zero lift angle of the airfoil,
input of zero lift angle from experiment is an effort to compensate for
separation effects. The program uses a finer integration step than
given by the function table, a delta x of 0.0l. In the program, all
"PRINT#4" statements are to the printer, simple "PRINT" to the CRT. The
pi symbol translates to the value of pi on my machine.



18 REM RIRFOIL CMAC PROGRAM

20 REM

30 REM WALTER LOUNSBERY

4@ REM 739 LITCHFIELD

58 REM WICHITA, K8 67283

68 REM

70 REM Aekdkskks

8@ REM INSERT DATA STATEMENTS FOR RIRFOIL AT END OF PROGRAM

98 REM IN THIS ORDER:

188 REM "RIRFOIL NAME", AMGULAR DIFF. CHORDLINE TO ZERO LIFT LINE (DEGREES),
185 REM  COORD. %4 FLAG <1 = % OF CHORD, @ = RATIO TO CHORD)

116 REM UPPER COORD. PAIRS AS -

115 REM  CHORDLINE DIST., SURFARCE DIST. ABOYE CHORDLINE

120 REM LOWER COORD. PRIRS AS FOR UPFER SURFACE

138 REM #%# ENTER COORDIMATES FROM LE TO TE

148 REM WHEN DATR IS CHECKED AND READY., JUST RUN PROGRAM

150 REM

168 DIM UC2.68>,L(2,68) :0PEN4. 4

165 DEF FNRCK)=XK(1-2%xC) /SAR(AC-KCKKC)

166 DEF FNB(H)==1/({1~X)KSAR(X~X¥K) )

178 RESTORE

180 RERD N$.R,FC

199 FOR J=1 TO €@: FOR I=1 TO 2:READ U{I,J):MEXT I:IF FC=1 THEN 193
131 IF UC1,J)=1.8 THEN 290

192 GO TO 195

193 IF U{1,J)=186 THEN 208

195 NEXT J

209 UN=J

218 FOR J=1 TO 60:FOR I=! TO 2:READ L{I.JY'NEXT I:IF FC=1 THEN 213
211 IF L{1,J5=1.8 THEN 216

2i2 60 TO 213

213 IF L<1.J0)=180 THEN 216

215 NEXT J

216 -LN=J

220 PRINT#4:PRINT#4,">335> ZERO LIFT MOMENT CALCULATION <{{{LL"

230 PRINT#4:PRINT#4:PRINT#4, "RIRFOIL: ",N$

240 PRINT#4:PRINT#4, "COORDINATES"

2358 PRINT#4:FRINT#4, "#%%k UPPER #kk";SPC(12), "k LOWER #dex"

260 PRINTH#d4,"X/C";SPCC11);"2/C" 8PCLLLY;"K/C"SPC(11),"2/C %" :PRINT#4
288 D=UN:IF LNZUM THEN D=LN

299 FOR J=1 TO D:PRINTH#4," ",

308 IF J>UM THEN 320

385 Ui$=STRE(UCL,J)) U2$=CTR$CUC2,J)) :Di=14-LENCUL$) :D2=14-LEN(U2$)
319 PRINTH#4,U1$,SPC(D1>;U2%,SPC(D2);

315 GO TO 339

328 PRINT#4,TAB(28),

330 IF J>LN THEM 350

340 L1£=STR$(L(1,J)):L28=5TRE(L(2,J)) :Di=14~LEN(L1%) ' D2=14-LEN(L2$>
341 PRINT#4,L1$;5PC(D1);L2%,SPC(D2);

350 PRINT#4," ":NEXKT J

366 R=R%nr/180

365 IF FC=8 THEN 398

379 FOR J=1 TO UN:FOR I=1 TO 2:UCI,J)=UCI,J)/108:NEXT I.J
380 FOR J=1 TO LM:FOR I=1 TO 2:L<I1.J0=L(1.J3/100:NEKT I,J
399 IM=8:'%C=@.81 GOSUB 509

395 IAR=FNBCAC)#*IM

408 IM=FMRC(ZM) 1 XC=0,59:G0SIR 509

410 IM=CIM+FNACZM) )%8. 207 TR=1IA+ZMKFNB(XC) %8, 205
428 FOR XC=08.01 TO 0.92000. STEP 8.01

430 GOSUB @0



440
438
460
479
475
476

77
478
420
=117
518
528
536
549
558
60
578
580
599
580
610
620
700
710
71l
712
713
714
715
716
it
713
719
720
721
722
723
724
723
726
7av
723
729
730
748
741
742
743
744
745
746
747
743
743
758
ol

7352

733
754
759
756
ol
758

IN=TH+FNA(ZM) %8, 81 : IR=IR+FNB(XC) #ZM%8. 31

HEXT XC

C1=2%IN+IR/2: C2=2%IN-n%¥A/2

PRINT#4:PRINT#4,"ZERO LIFT MOMENT COEFFICIENT:"

FRIMT#4 :PRINTH4," YIA COMPUTED ZERO LIFT ANGLE = ".C1
PRINT#4 :PRINT#4, " YIA ACTUAL ZERO LIFT ANGLE = ".C2

PRINT#4:FRINT#4, "COMPUTED ZERO LIFT ANGLE IS ", IR¥188/(m#g)," DECREES"

PRIMNT#4:PRIMT#4,"ACTURL ZERO LIFT AMGLE IS ";-A#18@/m;" DEGREES"
CLOSE 4:END

REM MERNLIME SUBROUTINE

FOR J=2 TO UM

IF XC{=U(1,J> THEN S48

NEXT J

D=CKC-UCL, J=1))/CUCL, I)=UCL, J=100
UC=D%(U(2, J)-UC2, J-1))+UC2, J=1)
FOR J=2 TO LN

IF XC<{=L(1,J) THEN 3%@

MEXT J

D=C(HC-LC1, J=13)/¢LCL, =L(L, J=100
LC=D#{L (2, J)=L<2,J=13)+L¢2,J=-1)
ZM=(LC+UC)/2

RETURM

DATA "MWORTMAMM FX 68-126".,3.1
DATA 3.9

DATA .1@7..673

DATA .428,1.349

DATA .961,2.926

DATA 1.704,2.802

DATA 2.6353,3.493

DATA 3.886,4.174

DATA 5.156,4.30%

DATA 6.599,5.457

DATA B8.427,6.821

DATA 16.332,6.583

DATR 12.488,7.977

DATA 14.645,7.355

DATA 17.633,7.5938

DATA 19.552,8.327

DATA 22.221,8.613

DATA 25,8.839

DATA 27.8386,2.015

DATA 38.836€6,%9.13

DATA 33.528.%.16

DATAR 37.439,9.138

DATAR 40.245,5.041

DATR 43.474,8.893

DATA 46.73,8.679

DATA 5@,83.425

DATA 33.27.8.118

DATA 56.526,7.781

DATA 553.735,7.402

DATAR 62.941,5.3%4

DATR 66.872,6.543

DATA 69.134,6.882

DATA 72.114,5.58%

DATA 75,5.084

DATR 77.779.4.367

DATA 80.438.4.053

DATAR 82.567,3.332

DATA 85.3535,3.87

DATA 87.392.2.611

DATAR 29.668,2.181

TIATR 91.373.1.777

N



793
768
761
762
7R3
7R
7E3
767
763
208
319
811
312
213
314
819
316
317
318
319
32

321
822
523
324
523
326
827
325
339
240
341
342
343
2344
345
846
347
848
343
358
851
332
333
354
335
256
837
838
352
368
361
362
363
364
363
867
363

218 .98..

DATA
DATA
DARTA
DARTR
DATA
DATA
DATA
DATA
DATA

33.381,1.412
94.3844,1.984
96.1%4,.738
97.347,.354
98.296,.353
99.639,.198
92.572,.888
93.893..024
166,06

REM LOWER SURFACE

DATR
DATA
DATA
DATA
DATA
DRTA
DATA
DATA
DATA
DATA
DATA
DRTA
DATA
DATA
DATA
DATA
DATA
DARTR
DATAH
DRTA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DRTA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATRA
DATA
DATA
DATA
DATA
DATA

8.9

. 197, -.301
4238, ~.641
.961.-1.812
1.794,~1.484
2.633,-1.792
3.806,~2.132
J9.156,-2.482
6.699,-2.761
3.427,-3.045
16.332,-3.262
12.488,~3.465
14.645,-3.598
17.833,-3.797
19.562,~3.746
22.221,-3.731
23,-3.683
27.886,-3.574
38.8366,-3.392
33.928.-3.167
37.039,-2.877
40.2435,-2.333
43.474,-2.188
46.73.-1.814
50,-1.421
93.27,~1.0836
96.526,-.653
59.795,-.298
52.941,.925
66.872,.367
63.134,.3547
72.114,.741
73,.897
77.779,1.9086
88.438,1.873
82.967,1.893
85.335.1.974
8v.592,1.922
89.£68..544
91.373,.849
93.301,.732
94.344, .61
96.124,.483
97.347,.357
238.2%6,.239
93.832..146
59.572..068
99.893,.014
120,8

3574,-.2,1.144,~-.436,1.775,-.691,2.368,-.97., 2,948, -1.247,

(¥}
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38

48

1]

60

79

20

28

189
185
118
115
129
138
19

168
165
166
167
168
162
179
171
172
189
194
191
192
193
195
209
218
211
212
213
215
216
22

236
240
258
268
238
294
364
365
318
315
328
339
346
341
354
368
365
378
338
320
399
443
416

REM AIRFOIL CMAC PROGRAM &y
REM :
REM WALTER LOUMSBERY
REM 739 LITCHFIELD
REM WICHITA, K5 67203
REM
REM sbskaokdsdnns :
REM INSERT DATA STATEMENTS FOR AIRFOIL OM TRPE
REM IM THIS ORDER:
REM "AIRFOIL NAME",
REM COORD. % FLAG <1 = % OF CHORD, @ = RATIO TO CHORD)
REM UPPER COORD. PAIRS 8§ -
REM  CHORDLIME DIST., SURFACE DIST. ABOYE CHORDLIME
REM LOMER COORD. PAIRS AS FOR UPPER SURFACE
REM ##% EMTER COORDIMATES FROM LE TO TE
REM
DIM U¢2,68),L¢2.68)
DEF FHACK)=KHk(1~2HKC) /SAR(HO-HEHKD)
DEF FNBC(K)=-1/¢(1~KIRSORLK~HAK) )
PRINT:PRIMT:PRINT"AIRFOIL HAME?": IMFUT M$
IF M$="H" THEM Ng=""
PRIMT:PRIMT"ZERQ LIFT ANGLE?":IMPUT A
PRINT:PRINT:PRINT"RERDY TAPE, THEN HIT ANY KEY TO LOAD AIR- FOIL"
GET A$:IF A$="" THEM 171
OPEN1,1,8,N$
INPUT#1,N$: INPUT#L,FC
FOR J=1 TO 68: INPUT#1,Uc1,J):INPUT#1,UU¢2,J):IF FC=1 THEN 193
IF UC1,J9=1.8 THEN 200
50 TO 195
IF 1JC1,J)=108 THEN 200
NEXT J
UN=J
FOR J=1 TO 6@:INPUT#1,L%1,J): INPUT#1,L¢2,J):IF FC=1 THEM 213
IF L{1,0)=1.0 THEN 216
G0 TO 215
IF L¢1,J)=199 THEN 216
NEXT J
LH=J :CLOSEL : OPEN4. 4
PRINT#4:PRINT#4, ">3>3> ZERD LIFT MOMENT CALCULATION <444
PRINT#4:PRINT#4:PRINT#4, "AIRFOIL: ";N$
PRINT#4:PRINT#4, "COORDINATES"
PRINT#4:PRINT#4, "#kk UPPER #¥#";SPCC12); "#kk LOWER k"
PRIMT#4, "K/C";8PCLLLY; "2/ 0" SSPCILLY S "KAC S SPCCL1Y; "2/C %" PRINT#4
D=UN:IF LNJUN THEN D=LN
FOR J=1 TO D:PRINTH#4," ";
IF JPUN THEN 320
U1$=STR$(UCL, J)) U28=CTRE(UC2, I ) 1 D1=14~-LENCU1$) : D2=14~LENCU2S)
PRINT#4,U1$:SPC(D1) i U2$: SPC(D2) ;
G0 TO 339
PRINT#4, TAB(22);
IF JPLN THEN 359
L1$=STR$(L:L,J)) :L2$=8TR$(L (2, J)) : D1=14-LEN(L1$) : D2=14-LEN(L2S)
PRINT#4,L1¢;3PC(D1);L2%;5PCCD2) ;5
PRINT#4," ":NEXT J
A=Fkr/ 130
IF FC=6 THEN 398 £
FOR J=1 TO UM:FOR I=1 TO 2:U(I,J)=U¢1,J)/100:NEXT I.J
FOR J=1 TO LN:FOR I=1 TO 2:L¢I,J0=L(1.J)/189:NEXT I.J
IH=0:%C=0.91:G0SUB 569
IA=FNB(XC)#ZM
IN=FHA(ZM) 1 KC=0. 99 GOSUB S0
TH=C IN+FHAC2ZM) )%0. 885 IA=( IA+ZM¥FNBLXE) 140, 505



428
43@
449
450
460
47

K =
P

475
477
473
430
368
Sia
52

538
4@
538
368
578
a1
96
568
618

528

FOR XC=8.81 TO 8.399881 STEP 9.91 -
GOSUB S80

IN=IM+FNACZM)#0, 31 IR=IR+FNBC(KC)#ZM*0. 81

NEXT XC

Cl=2#IN+IA 2 : C2=2#IN-1%A/2

PRIMT#4:PRINTH#4,"ZERD LIFT MOMENT COEFFICIEMT:"

PRIMTH4 :PRINTH#4.," YIA COMPUTED ZERQ LIFT AMGLE = ".Cl
PRIMT#4:PRINTH4," YIA ACTUAL ZERQ LIFT ANGLE = ".C2
PRINT#4:PRINT#4, "COMPUTED ZEROC LIFT RMGLE IS ") IA%18@/(a%n’," DEGREES"
PRINT#4:PRINTH4, "ACTURL ZERO LIFT RAMGLE IS ", -A%188/n," DEGREES"
CLOSE 4:END

REM MEAMLIME SUBROUTIME

FOR J=2 7O UN

IF KC<=U{1,J) THEW S48

HEXT J

D=CXC-U(L, J=100/¢UCL, T0=UdL, J=-1)

UC=D¥<U(2, J>-Uc2,J=-12)+U(2,J~1)

FOR J=2 TO Lk

IF KC{=L(1,J) THEM 598

HEXT J

D=CXC-L{L1, J-1)0/CLCL. Jo-LA(L1,J-100
LC=D%(L<2,J0-L(2,J-1))+L(2, J-1)

ZM=(LC+ICH 2

RETURM

2N

31968 ,@,.374,-.2,1.144,-.436,1.773,-.651,2.368,~.57,2.548,-1.247,

RERDY.



RERDY.

18 REM AIRFOIL COORDINATE FILER

28 REM

38 REM WALTER LOUMSBERY

49 REM 739 LITCHFIELD

58 REM WICHITA, K5 67283

68 REM

7O REM ssdcksksbresn

3@ REM IMSERT DATR STATEMENTS FOR AIRFOIL AT EMD OF PROGRAM
29 REM IM THIS ORDER:

168 REM "RIRFOIL MAME"

195 REM  COORD. % FLAG ¢1 = % OF CHORD, & = RATIO TO CHORDY
118 REM UPPER COORD. PRIRS AS -

115 REM  CHORDLINE DIST.., SURFACE DIST. ABOVE CHORDLIME

120 REM LOMWER COORD. PAIRS AS FOR UPPER SURFACE

130 REM ##%% EMTER COORDINATES FROM LE TO TE

142 REM WHEW DATA IS CHECKED AMD RERDY, JUST RUN PROGRAM

158 REM

16@ DIM U(2,685,L(2,68)

178 RESTORE

188 RERD N#.FC

199 FOR J={ TO 68: FOR I=1 TO 2:READ ULI.,J):MWEXT I:IF FC=1 THEM 133
191 IF UC1,J0=1.8 THEN 200

192 G0 TO 185

133 IF U{1,J>=180 THEN 200

195 NEXT J

288 UM=J

2i@ FOR J=1 TO 68:FOR I=1 TO 2:RERD L(I.,J:NEXT I:IF FC=1 THEN 213
211 IF L(1,J)=1.8 THEN 216

212 .0 TO 213

213 IF L(1,J>=1808 THEN 216

213 MEXT J

216 LH=J

218 PRIMT:PRINT:PRINT"CHECK COORDINATES? (HARD COPY)>"

228 INPUT A$:IF LEFT$(R$. 153"Y" THEN 260

225 OPEN4.4

230 PRINT#4:PRINT#4:PRINTH#4, "RIRFOIL: "iN$

249 PRINT#4:PRIMT#4, "COORDIMRTES"

250 PRINT#4:PRINT#4, "##% UPPER ###",;SPCC12); "#%k LOWER sokk"
268 PRINTH#4, "K/C" SPCCLI10,"2/C" i SPCCLLY "A/C S SPCILL), "2A0 X" ' PRINT#4
280 D=UN:IF LMZUN THEM D=LHN

258 FOR J=1 TO D:PRIMT#4," ",

300 IF J>UM THEM 320

395 U1$=ETR$CUCL, J5) U2$=CTR$(UL2,J)) : D1=14~LENCU1%$) : D2=14~LENCU2$)
318 PRINT#4,U1%;3PC(D1),U2%;5PCLD2),;

315 GO TO 339

326 PRINT#4,TABC28);

330 IF J>»LH THEM 338

340 Li1$=STR$(L{1,J)) :L2$=STRE(L (2,70 :Di=14-LEMILL$) :D2=14-LEN(L2$)
341 PRINT#4,L1$,SPC(D1),L2%,5PCLDRY:

398 PRINTH#4," ":MEXT J

355 CLOSE4

368 PRINT:PRIMT:PRIMT"RERDY TRFE, THEM HIT &MY KEY TO STRRT"
37@ GET A%:IF A$=""THEM 378

380 OPEM1,1,1.N$

35@ PRIMTH#1,NM$:FRINTH#1,FC

408 FOR J=1 TO UM:PRINTH#1,UCL.J):PRINTH#1,Ur2,J7 HEXT J

410 FOR J=1{ T0O LN:PRINT#1.L(1,J2:PRINTH#1.L(2,J) NEXT J

429 CLOSEL

433 EMD



706 DATA "WORTMANN FX 68-126",1 =

718 DATA 9.8, . 187, ; .423, : .961,
711 DATA 1.794, , 2.653, , 3,806, , 5. 156
712 DATAG. 559, , 3.427. , 19.332, ; 12.498
713 DATAL4.645, , 17.833, : 19,562, , 22,221
714 DATAZS, : 27.386, : 3. 366, ; 33.928
715 DATA37.259, ; 49,245, , 43,474, : 46.73,
716 DATASE, , 53.27, , S6.526. , 59.753
717 DATAGZ. 341, : 66.072. : 69. 134, , 72.114
718 DATA?S, : 77.779, : 80. 433, : 32.967
713 DATASS. 35S, ; 87.592. : 39,688, ; 31,573
220 DATAZ3.301, ; 34,844, , 36. 194, , 97.347
721 DATAS8.326. ; 99,033, : 99,572, : 39,893

722 DATA1608.9
809 REM LOWER SURFACE

319 DATA 0.0, 167, ; 428, , 961,
311 DATA 1.794, , 2.653, : 3,306, ; 5. 156
312 DATAG. 639, , 3.427, , 19,332, , 12.408
313 DATAL4. 645, : 17,033, : 13,562, , 22.221
314 DATAZS, , 27.386, , 30. 366, , 33,928
815 DATA3?. %9, , 40,245, : 43,474, : 46.73,
316 DATASO, , 53.27, ; %5.526, : <5.755
317 DATAE2.541, ; 66.972. ; 69. 134, : 72.114
318 DATA?S, : 77,779, : 38, 438, : 32.967
819 DATAES. 2SS, , 37,592, ’ 39.688, , 91,573
328 DATAS3.301, : 94,344, , 36. 194, , 97.347
821 DATA9S. 926, , 99,839, , 99,572, , 39.893

822 DATA168,D
READY.



>>»>> ZERO LIFT MOMEMT CALCULATION {L{<<L

AIRFOIL: WORTMAMN FX 68-126

COORDIMATES

4k UPPER sk ¥ LOWER #ok

X0 2/C X/C 2C %
@ @ 2 9
.107 679 . 1687 ~. 301
428 1.349 . 428 -.641
.961 2.896 961 -1.012
1.7924 2.802 1.704 -1.404
2.653 3.493 2.653 ed B 7
3.888 4.174 2.806 -2.132
5.156 4,808 J5.156 -2.482
6.593 5.437 6.699 -2.761
3.427 6.021 8.427 -3.045
18.332 6,583 19.332 -3.262
12.483 7.977 12.408 -3.465
14.643 7.335 14.645 ~3.598
17.833 7.538 17.833 -3.707
19.362 8.327 13.562 ~3.746
22.221 8.613 22.221 -3.7351
25 8.839 25 -3.683
27.386 9.813 27.886 -3.574
38.366 2.13 30.866 -3.392
33.928 2.16 33.928 -3.167
37.832 9.138 37.8359 -2.877
40,245 9.041 48.245 -2.333
43.474 8.893 43.474 -2.188
46.73 8.679 46.73 -1.814
1%} 8.425 59 ~1.421
93.27 8.118 33.27 -1.036
56.526 7.781 56.326 -.653
39.733 7.402 59.735 -.298
62.941 6.994 62.941 . 829
£6.872 6. 549 66.872 . 307
63. 134 6.982 69.134 . 347
72.114 5.389 72.114 . 741
73 5.084 79 .897
lalls 4.567 77.779 1.006
80.438 4,035 8@.438 1.873
82.967 3.352 82.567 1.893
85.355 3.87 85.3%5 1.074
g7.592 2.611 87.392 1.822
89.668 2.181 89.668 944
91.3¢3 1.777 91.373 «343
93.301 1.412 93.381 . 732
94.844 1.084 94.844 .61
96.194 . 738 96.194 . 483
97.347 . 554 97.347 357
98.296 «333 98.296 . 239
99.83%2 .198 99.039 146
99.3572 . 988 99.372 068
99.833 . 324 99.893 .814
16@ 8 189 9

ZERO LIFT MOMENT COEFFICIENT:
¥YIA COMPUTED ZERO LIFT ANGLE = -.118185598



YIA ACTURL ZERO LIFT ANGLE = -.88087641349
COMPUTED ZERO LIFT ANGLE IS -4.36205252 DEGREES
ACTURL ZERO LIFT ANGLE IS -3 DEGREES
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