
1

73ECHHICALNOTES

NA!I1ON.U Ai)VISC)RYCOMiiIZ!!!!EEFOR KliROHAtTTICS
.

.

!MST”S

3y

a?

.

...

:T.A.C.A, AIRFOILS Ilf!HZEVARIABL2-DENSITKf

WI~TDT!UXITEL. SZRI~S 45 AHD 65

Eastman N. Jacobs and Robert M. Pinkerton
Langley Memorial Aeronautical Laboratory

.

.. -.
:--”. . .... ... ‘4
L. ! .“

- ‘4

!!I,. --.’”-.:.- ‘if

--- .

Washington
September, 1931

.

.

.

. . ___ . . .. . ..... ......-

https://ntrs.nasa.gov/search.jsp?R=19930081122 2020-03-17T04:17:39+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/42805007?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


,*

.4

*-

.3 7776

TZ!!STSOF N,A..C.A. AIRFOILS IN T2?ZVARIABLE-DENSITY

WIND TUNNEL. SERIES 45 AND 65

By Eastman N. Jacobs and Ro3ert M. Pinkerton

SummarY

‘73623872
-.......ti

This note is one of a series covering an investiga-
tion of a number of related airfoils,

1’%::::3=;su&ts btained from tests in the N.A.C,A.
2Kind unnel of two groups of Fix airfoils each. One group,

the 45 series, has G maximum mean camber of 4 por cent of
the chord at a position 0.5 of the chord behind the lead-
ing edge, and the other group, the 65 series, has a maxi-
mum mean camber of 6 per cent of tho chord at the samo po-
sition, Tho mombors within each group differ only in max-
imum tilickness, the maximum thickness/chord ratios being:
0.06, 0.09, 0.12, 0.15,, 0.18, and 0.21. Tho results
aro analyzed with a view to indicating the variation of the
aerodynamic charactoristica with profile thickness for
airfoils having a certain mean camber line form.

Introduction

Al
r

ge number of related.airfoils are being tested
in the ariable-~nsity ~ndflunnel of the National Advi-
sory Committee for Aeronautics with a view to establishing
the relation between the geometric and the aerodynamic
characteristics of airfoils at a high value of tho Reynolds
l?umber. Tho method employed to develop the airfoils hav-
ing varying geometric properties is described in tlotailin
roferoncos 1 and 2. Briefly, the profiles are obtainod by
combining certain thickness ferns (roforonco 1) with sov-
oral related. mean camber line forms (reference 2). The
airfoils are designated by a number of four digits: the
first indicates the uaxinum mean camber; the second, the
position of maximum moan camber; and the last tmoo the max-
inum thicknoss~
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Prolininary results nlready publishod”incl.ude the tests
on six symmetrical N.A.C!.A. aivfoils, 00 series (reference
1), and the tests on the 43 and 63 series (reference 2).
Similar publications will follow as the tests are made.

This note presents the results of tests of two series
of six airfoils each, the air”ioils of each series having
the same thickness forms as thoso of the symmetrical sorios
(roferonco 1) but having curved $nstoad of straight moan
camber lines. All twelvo airfoils_havo moan camber lines
of such a form that the position of the maximum moan cam- —

bor is 0.5 of tho chord behind the loading edge. six of
tho airfoils, the 45 sorios, havo a maxiznzmmoan camber of
4 por cent of tho chord, and tho othor six, the 65 sorios,
havo e,naximum moan camber of 6 por cont.

Description of Airfoils
—

d
—

The ordinates of the N.A,C.A. airfoils with which
this note deals were obtained by the Method given in ref-
erence 20 The meqp camber lines of these airfoils are:

●

.-

45 Series *VC“- 0.1,6X(1’-x)

65 series Y =“c Q.2%:(1 -.x)
,,

We ordinates, obtainod tIycombining “thesamean camber ,,
lines with the basic thickness forms (reference 1), are
given in Tables I to XII, nnd the profile shapes are shown
in I?igure 1.

The models, which wer’econstructed of duralumin, have
a chord .of 5 inches and a span of 30 inchesi The method
of construction is described in referonco 1*

Tests and Results’

Routino moasuromonts of lift, drag, &d pitching mo-
mont about a point ono.quarter of the chord behind the
lead~ng edgo were made at a Reynolds Number of “approxi-
mately 3,0(30,000. A description of the tunnel and method
of testing are given in reforonco 1.

-..

.
.

1
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Tho results aro prosento’d’in the form of coefficients
corroctod, after tho motho~ of roforenco 3, to givo infi-
nite aspect ratio characteristics. Ta’blosXIII to XXIV
present the correctod. results: lift coefficient CL, an-
gle of attack for infinite aspect ratio Uo , profile drag
coefficient CDO, and pitching monent coefficient about a

point one-quarter of the chord behind the leading edge
Qhese data are also presented in several figuresCmc/4●

to facilitate the discussion.

DisCussi.on

Variation of the Aerodynamic Characteristic
Thickness.- The variation of minimum profile dr—.—.
cient wi-thmaximum thickness is shown in Figure
relation may be expressed by the e-qu.ation
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The varia}ion of the slope of the lift curve with
thickness is shown in.Fj.gure 7. The points on the figure
represent the deduced slopes as measured in.the anglo-of-
attack range in the neighborhood of mini,mumprofile drag
for an infinite span wing. It will”be noted that all of
the points lie below the approximate theoretical value,
2Tr per radian. These results are in agr~omont with pre-
vious results in that the lift curve slope tond8 to de-
croaso with thicknoss~

The pitching moment coefficients at zero lift are
given in the following table:

Airfoil c!111()—.
. .

,. 4506 ‘ -0,107.... 4509 .107
$4512

● 101
4515 “ - .097’
4518 .094
4521Z : - ,082

Airfoil

“6566.‘“.
6509
6512”
6515 ‘
6518
6521

cIn.
.—.

. . .—
;“.

‘‘-0.158 .—
- ;~52
- .148
- .138 c.

.128

The’cal”c’ulationof.the moment coefficient has commonly 6

been basdd on the assumption that an airfoil section may
—.

be replaced by its mean camber line. This assumption,
however, would lead to the same moment coefficient for all
sections in either one of the above groups’,as they .have
the samo mean cembor line. It is apparent from the abovo
tatlo th’atsuch an assumption leads to erroneous results;
actually tko nagnitudo of tho diving momont coofficiont
docreasos with increasing thickness. ~

The CL’-m=/cDo min ratio has been used as a noasuro

of the general efficiency of an airfoil section. The var-
iation of this ratio with thickness is shown in Figure 9.
It will be notod that tho N.A.C.A. 4509 and N.A.C,A. 6509
givo the highest valuo of this ratio.

WxLd2.0~ Or tho Aorod~na~~c char-~orist~c~ witk Lift
or Anelo.- The variation of profilodrag coefficient with
lift coefficient is shown by Figures 2 and 3,

-
Following

the procedure given in reference 2, the variation oi the
—

additional drag coefficient due to lift has been studied
by plotting values of ~Do - Cno Min against (CL -

. —

cL.opt)T where CL opt is called the optimum lift coef-,,
ficient; that is, tho lift coefficient corresponding to
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minimum”profilo drag ,coofficiont. ThOSO”plOtS arO “giWUl-
in Figu?os ‘1O and 11. It is significant that %ho sam
lino de;crminod in roforonco 1 and usoQ in reference 2 may
bo used here to roprosont to a roasonablo dogroe of accu-
racy th~ additional drag coefficient for tho moderately
thick airfoils at values of the lift coofficiont loss than
1. This may not bo so apparent from I’iguro 11; howovor,
a simple calculation shovs tb.atfor a lift coofficicmt of
1 for tho 6515 airfoil, the valuo of (CL - CL opt)2 is

.48 and within that limit the points lie reasonably close
to the line, The profile drag coefficient for the moder-
ately thick airfoils may, therefore, be approximated bY

CDO = CD
2

+ 0.0062(CL - CL opt) =o min

CD has been expressed earlier as a function of
o min

thickness.

Tho optimum lift coefficient varies with thickness
as well as with camber, tho value increasing with camber
but docroasing with thickness. The values of CL opt aro

given in the following table:

Airfoil CL opt Airfoil
—..

4506 0.40 6506
4509 .33 6509
4512 .26 6512
4515 .19 6515
4518 .12 6518
4521 ● 05 6521

CL opt

0.64
● 53
.42
● 31
.20
.09

The variation of th~ pitching moment coefficient with
angle or lift may be best studied with reference to thin
airfoil theory, which predicts a constant pitching moment
about a noint one-,quarter of the chbrd behind tho leading
ed,go. Tie theory indicates that tho nomont about this
point is constant, bocauso tho center of prossuro of that
part of tho air force which is duo to angular chango is at
tho quarter-chord point. Eowovor, the curves “of Cmc,/4

. .
“aga”indtangle of attack (fig. 8) show a slop”ein tho nor-
mal working range as ,did the corresponding curves in rofer-
encos 1 and 2. Tho point of constant momont i’s,theroforo,
not exactly at the quarter-chord point, but displaced for-
ward from it as’indicated in tho following table:
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Airfoil
—.-.

4506
4509
4512
451.5
4518
4521

Displaoefient Airfoil
(per cent chord) “———

0.4 6506.,
.4 6509
“.8 6512
.8 6515‘,

1.3 6518
2.3 6521.

Di splacement
~per cent chord)

0,1
.2
.5

1.2
1.5 “
1.7

In,reference 1 the center of pressure for asymmetrical
airfoils is shown to be farther forward for the thick air-
foils t’hanfor the thin airfoils. It should be notod here
that the center of pressure and the point of constant mo-
ment for a symmetrical section are coincidont$ -since tho
only forcos considered as acting on such a section aro
thoso due to angular change, The prosont results may bo
considorod as indicating that with increasing profilo
thickness thoro is a similar progrossivo forward displaco-
mant of tho center of pressure for that part of tho air
foroes duo to angular change.

Langley MornorialAeronautical Laboratory,
National Advisory Committoo for Acroncutics,

Langley Field, VR~, Soptombor 4, 1931.
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TJKBLEI

Ordinates for Airfoil N.A,C.A. 4506
(Dimensions in per cent of chord)

Upper Surface
.—

Stati’on

le3.(j4

2.304

4,74.7

7.,217
.

9.703

14.702

19.726

29.808

39.907

50,000

60.073

, 70.117

80.125

90.092

L 95.058

100.010
k

L,E. radius

Ordina,te

Slope of ra~ius
passing through
end of chord]

1.134

1.682

2,520

3.191

3.753

4.696

5.416

6.355

6.’740

6.648

6.121

5.188

3.865

2.158

1.162

.062

.394

4/25

Station

o

1,396

2.696

5.253

7.783

10.297

15.298

20.274

30.192

40.093

50.000

59.927

69.883

?9.875

89,908

94.942

99.990

Ordinate

o

-0.738

.902

-1.000

.971

.883

.616

.296

+ .365

+ ● 940

I-1.352

+1.559

+1.532

+1.255

+ ,722

+ ,358

.062

.b
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TABLE 11

Ordinates for A.5rfoilN.A.C.A. 4509
(Dimensions in pep cent of chord)

Upper Surface

Station

1.031

2.205

4.620

‘7,076

9.554

14.554

19.589

29.712

39,861

50.000

60.109

70.176

80.188

90.138

95.086

100,015

L.E. radius

Slope of radius
passing througl
end of chord

——— —

Ordinate

1.602

2.328

3.401

4.231

4.926

6.026

6.845

7.853

8.189

7.971

7.261

6.102

4.51?

2,518

1.359

.094

.887

4/25

Lowor Surface

Station
——

0

1.469

2.795

5.380

7.924

10.446

150Q46

20.411

30.288

40.139

50.000

59.891

- 69.824

?9.812

89.862

94.914

S9.985

—

.—

Ordinate

0

-1.206

-1.548

-1.881

-2.011

-2.046

-1.946

-1.725

-1.133

.509

+ .029

+ .419

+ ,5].8

+ .603

+ .362

+ ,161

.094
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TA3LE 111

Ordinates for Airfoil N.A.C.A. 4512
(Dimensions in per cent of chord)

——

Up2er Surface

Station

0.358

2.10’7

4.493

6.934

9.405

14.405

19.452

29.617

39.814

50.000

60.S46

70.234

80.250

90.184

95.115

100.020

L.E. radius

Slope of radius
passing through
end of chord

Ordinate

2.070

2.974

4.282

5.272

5.0”85

7.352

8.272

9.350

9.640

9,294

8.401

7.018

5.169

2.877

1.558

.124

1.576

4/25

Lower Surface

Station

o

1.542

2.893

5.507

8,066

10.595

15.595

20.548

30.383

40.186

50.000

59.854

69.766

79.750

89.816

94,885

99.980

. .. ..——.-. . . -

Ordinate

o

-1.674

-2.194

-2.762

-3,052

-3.205

-3.272

-3.152

-2.630

-1.960

-1,294

.721

.298

,049

* .003

.038

.124

D
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TABLE IV

Ordinates for Airfoil N.A.C.A. 4515
(Dimensions in per cent of chord)

Station
—. -

0.885

2.009

4.366

6.793

9.257-

14.256
b

19,315
.

29.521

39.768

50,000

60.182

70.293

80.313

90.230

95.144

100.025

L.E. radius

Slope of ra~ius
passing through
end of chord

10

Upper Surface t Lower Surface-.

)rdinate

2.538

3.621

5.161

6.312

7.249

8.681

9.699

10.848

11.090

10.619

9.541

7.931

5.822

3,236

1.761

.156

2.464

4/25

Station

o

1.615

2,991

5.634

8.207

10.743

15.744

20.685

30.479

40.232

50.000

59.818

69.’707

79.687

89.770

94.856

99.975

Ordinate
——

0

-2.142

-2.841

-3.641

-4.092

-4.369

-4.601

-4.579

-4.128

-3.410

-2.619

-1.861

-1.211

.702

.356

.241

.156
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T~LE V

Ordinates for Airfoil N.A.C.A. 4518
(Dimensions in per cent of chord)

Upper Surface

Station

0.812

1.911

4.240

6.651

9.108

14.107

19.178

29.425

39.’722

50.000

60.219

70.351

80.376

90.276

95.172

100.030..

L.E. ~adius

Slope of radius
passing through
end of chord

.

)rd.inate

3.006

40~66

6.041

‘7.353

8.40’7

10.011

11.127

12.345

12.538

11.942

10.683

8.844

6.477

3*595

1.95’7

.187

3,549

4/25

11

Lower Surface

Station

o

1.688

3.089

5.760

8.349

10.892

15.893

20.822

30.575

40.278

50.000

59.781

69.649

79.624

89.724

94.828

99.970

Ordinate

o

-2.610

-3.486

-4.521

-5.133

-5.52?

-5,931

-6.007

-5.625

-4.858

-3.942

-3.003

-2,124

-1.357

.715

.437

.187
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TABLX VI

Ordinates for Airfoil iT.A.C.A..4521
(Dimensions iu pe~* cent of chord)

?.2

Upper Surface

Station

0.’739

1.813

4.113

6.510

8.960

13.959

19.041

29.329

39.675

50,000

60.255

70.409

80.439

90.322

95.201

100.035

L.E. radius

Slope of radius
passing through
end of chord

Ordinate

3 ● 474

4.912

6.916

8.393

9.568

11.336

12.553

23.842

13.990

13.265

11.821

9.75’7

7.13C)

3.955

2.156

.218

4.830

4/25

Lo~er Surface
—

Station

o

1.761

3.187

5.887

8.490

11.040

16.041

20.959

30.671

40.325

50.000

59.’745

69.591

?9.561

89.67’8

94.799

‘39.965

Ordinate

o

-3.078

-4.132

-5.396

-6.173

-6.688

-7.256

-7.433

-7*122

-6.310

-5.265

-4.141

-3.037

-2.010

-1.075

.636
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TA3LE VII

.Ordinates for Airfoil N.A.C.A. 6506
(Dimensions in per cent of chord)

Upper Surface—

Station
——

1.034

2.209

4.625

7.080

9.558

14.557

19.591

29.713

39.861

50.000

60.109

70.1’75

80.18’7

90.137

95.086

100.015

L.E, radius

Slope of radius
passing through
end of chord

Ordinate

1.218

1.859

2.878

3.723

4.460

5.696

6.680

8.027

8.658

8,648

8.039

6.864

5.138

2.871

1.53’7

.061

.394

6/25

13

Lower Surface

Station

o

1.466

2.791

5.375

7.920

10.442

15.443

20.409

30.287

40.139

50.000

5’3.891

69.825

79.813

89.863

94.914

99.985

Ordinate

o

-0.626

.689

.598

- ,.393

.140

+ .424

+1.000

+2.053

+2.862

%3.352

+3.481

+3.216

+2.542

+1.449

+ .743

.061
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TABLE VIII

Ordinates for Airfoil N.A,C.A. 6509
(Dimensions in per cent of chord)

14

Upper Surface I Lower Surfacs
--

Station

0.926

2.064

4.43’7

6.87’0

9.337

14.335

19.386

29.570

39,7’91

50,000

60.164

70.263

80.28Q

90.205

95.128

100.022

“Slope of radius
passing through
end.of chord

Ordinate

1.680

2.496

3.748

4.751

5.611

7.016

8.101

9.521

10.106

9.971

9.179

7.775

5.786

3.227

1.731

.092

.887 \

6/25

Station

o

1.574

2.936

5.563

8,130

10.663

i5.665

20.614

30.430

40.200

50.000

59.836

69,737

79.’720

89.795

94.872

99.978

Ordinate

o

-1,088

-1,326

-1.468

-1.421

-1.291

.896

.421

+ .559

+1.414

+2.029

-I-2.341

+2.305

+1.894

+1.093

+ .549

.092

*
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TABLE IX

Ordinates for Airfoil N.A,C.A. 6512
(Dimensions in per cent of chord)

Upper Surface

Station

0.818

1.919

4.249

6.661

9.117

14.114

19.182

29.426

39,722

50.000

60.219

70.350

80.374

90.273

95.170

100.029

L.E. radius

Slope of radius
passing through
end of chora

.

Ordinate

2.141

3.134

4,618

5.780

6.7!59

8.331

9.519

11.015

11.556

11.294

10.318

8.688

6.434

3.583

1.’328

,123

1.576

6/25
—-.— -.

15

Lower Surface

Station

o

1.682

3.081

5.751

8.339

10.883

15.886

20.818

30.574

40.278

50.000

59.781

69.650

79.626

89.727

94.830

99.971

—.—.

o

-1,549

-1.964

-2.338

-2,450

-2.439

-2.211

-1.839

.935

.036

+ .’706

+1 .202

+1.392

+1 .246,

-1-,737

+ ,352

.123

——
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TTIBL~x

Ordinates for Airfoil IT.A.C.A. 6515
(Dimensions in per cent of chord)

Upper Surface

Station

0,’710

1.71’4

4.061

6.451

8,896

13.893

18.978

29.283

39.652

50.000

60.2’74

70.438

80.467

90.341

95.213

100.037

L.E. radius

Slope of radius
passing through
end of chOrd

..
.

~rdinate
—..

2,602

3.771

5.486

6.809

7.911

9.651

10.939

12.509

13.006

12.619

11,457

9.599

7.084

3.939

2.128

.154

2.464

6/25

Lower Surface

16

Sta’tion

o

1.790

3.226

5.939

8.549

11,104

16.107

21.022

30.717

40.348

50.000

59.726

69.562

79.533

89.669

94.787

99.963

Ordinate

o

-2.010

-2.601

-3.206

-3.479

-3.591

-3.531

-3.259

-2.429

-1.486

.619

+ .Q63

+ .481

+ .596

+ .382

+ .152

.154
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TABLE XI

Ordinates for Airfoil.N.A.C.A. 6518
(Dimensions in per cent of chord)

Upper Surface—

Station

0.602

1.629—

3.8’74

6.241

- 8.6?6

13.6’73
*

,18.773

29.140

39.583

50.000

60.328

70.525

80.56Z

90.410

95.255

100.044

L.E. radius

Slope of radius
passing through
end of chord

.

.

wdinate

3.063

4.407

6.355

7.838

9.058

10.970

12.358

14.002

14.452

13.942

12.598

10.510

7.735

4.294

2.322

.184

3.549

6/25

Lower Surface
—~——

Station

0

1,898

3.371

6.126

8,’759

11.324

16.329

21.227

30.860

40.41’7

50.000

59.6’72

69,475

79.439

89.590

94.745

99.956

Ordinate

o

-2,471

-3.237

-4.075

-4.508

-4.738

-4.850

-4.673

-3.922

-2.932
.

-1.942

-1.078

. ,430

.055

+ .026

- .042

.184
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TABLE XII

Ordinates for Airfoil N.A.G.A. 6521
Dimensions in per cent of chord)

Upper Surface
—_—.—

Station
)

0.494

1,483

3.687

6.031

8.455

13,450

18.569

28.996

39.513

50.000

60.383

70.613

80.654

90.478

95.298

100.052

L.E. radius

Slope of radius
passing through
end of chord

)rdinate

3.525

5 ● 045

‘7.220

8.867

10.207

12.285

13.?77

15.495

15.903

15.265

13.736

11.421

8.384

4.651

2.518

.215

4.830

6/25

18

Lower Surface

Station

o—

2.006

3.517

6.313

8,969

11.545

16.550

21.431

31.004

40,487

50.000

59.617

69.387

79.346

89.522

94.702

99.948

Ordinate

0

-2.933

-3.875

-4.940

-5.537

-5.887

-6.165

-6,097

-5.415

-4.383

-3.265

-2.216

-1.341

.704

.331

,238

.215

.

.

.
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TA3LE XIII

.

Airfoil: N.A.C.A, 4506

Average Reynolds Number: 3,050,000.

Size of model: 5 x30 inches.

Pressure, Standard Atmospheres: 20.6.

.

.

Test No.: 568

-0.132

+ .023

.181

.335

.491

.639

.940

1.053

1.105

1.154

1.123

1.025

.984

19

Variable-Density Tunnel. April 15, 1931.

-5.6

-4.1

-2.6

-1.1

+ ,4

2,0

5.0

6.6

8.5

12.3

16.4

20.7

26.9

.——

CDO

0.0200

.0099

.0092

.0087

.0088

,0091

.0118

.0252

.0602

.1779

.2994

.3862

.506=4

cm
c/4

-0.105

.109

.109

●108

.109

- .106

.106

.101

- .090

- .127

.176

- .197

.209
.
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.

.

TABLE XIV

Airfoil: N.A.C.A. 4509

Average Reynolds Number: 3,120,000.

Size of model: 5 x 30 inches.

Prossuro, Standard Atmospheres: 20.9.

Test No.: 569 Variable-Density Tunnel. April 15, 1931.

CL

-0.141

+ .012

.166

.320

●474

.622

.919

1.208

1.461

1.559

1.516

1.263

1.000

ao
(degrees)

-5.6

-4.0

-2.5

-1.0

+ ,5

2.0

5.1

8.2

11.4

13.0

15:2

20,0

26.8

CD cm
o c/4

0.0106

.0100

.0095

.0092

,0095

.0098

.0123

.0165

.0260

● 0353

.1159

.2261

.4938

-0.107

.106

.106

.105

.105

.104

.10’4

.102

.103

.099

.110

- .175

.192

.

.
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TA3LE XV

Airfoil: N.A.C.A. 4512

Average Reynolds Number: 3,100,000.

Size of model: 5 x 30 inches.

Pressure, Standard Atmospheres: 20.6.

Test No.: 570 Variable-Density Tunnel. April 16, 1931.

-(),148

i- ,()(33

.156

.310

.462

.611

.904

1.180

1.440

X.555

1.648

1.685

1.568

1.159

-5.5

-4.0

-2.5

-1.0

+ .5

2.1

5.1

8.2

11.4

13.1

14.8

16.6

19.0

26.3

0.0111

.0106

.0104

.0103

.0108

.0112

.0133

.0177

.0256

.0324

.0435

.0674

.1729

.4098

cm
c/4

-0.102

- .101

.100

F .100

.099

- .097

- .095

- .092

.090

- .089

“ .088

- .094

.129

- .182
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TABLE XVI

Airfoil: N.A.C.A. 4515

Average Reynolds Number: 3,080,000.

Size of model: 5 x 30 inches.

Pressure, Stand~d Atmospheres: 20.7.
.

Test Zo. 571 “Variable-Density Tunnel. April 16, 1931.

-0.297

-1-,00’7

.159

.310

.462

.606

.896

1.170

1.419

2.604

1.619

1.581

1.227

ct~
(degrees)

-7.1

-4.0

-2.5

-1.0

+ .5

2,1

5.2

8.3

11.5

14.9

Z6.9

19,0

26.1

22

0.0154

.0116

.0115

.0113

.0117

.0126

.0150

.0194 .

.0287

.053’7

.0915

.1606

.3837

-0.100

.097

.095

.094

.093

.091

.089

.986,

.085

.089

- .099

. .119

.172
,

.

.
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TA3LE XVII

Airfoil: N,A.C.A. 4518

Average Reynolds Number: 3,130,000.

Size of model: 5 x 30 inches,

Pressure, Standard.Atmospheres: 2100.

Test No.: 572 Varia%le-Density Tunnel. April 16, 1931.
— . .

CL

—

-0.158

.013

+ .138

.287

.580

.864

1.129

1.361

1.457

1.520

1.539

1.515

1.334

(de~gees)

-5.5

-4.0

-2.4

,9

+2*2

5.3

8.4

11. ?

13.4

15.2

17.1

19.2

25.8

.

0.0130

.0126

.0125

.0126

● ol~o

.0168

.022’4

.0349

.0464

.0690

.1092

.1633

.3417

-0.096

.094

.092

.090

.085

.082

.07’7

.077

- .0’78

.085

.095

.111

.153

.

.
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TA3LE XVIII

Airfoil: N.A.C.A. 4521

Average Reynolds Number: 3,15G,000.

Size of model: 5 x 30 inches.

Pressure, Standard Atmospheres: 20.8.

Test No.: 573- Variable-Density Tunnel. April 17, 1931..

-0.186

.046

+ .103

.248

.535

.812

1.069

1.291

1,3’77’

1,429

1.453

1.455

1.437

1.325

-5.4

-3.9

-2.3

.8

+2.3

5.4

8*6

11*9

13.6

l&*5

17.4

19.4

21.4

25.8

CDO

0.0142

.0139

.0138

.0140

.0159

.0190

.0260

.0419

.0571

.0819

.1196

.1659

.2135

.3198

cm
c/4

-0.086

- .082

.080

‘- .077

.072

.069

.063

- .067

.071

.077

.087

.099

- .113

.136

,

●
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TA3LE XIX

Airfoil: IT.A.C.A.”6506

Average Reynolds Number: 3,170,000..

Size of model: 5 x 30 inches.

Pressure$ Standard Atmospheres: 21,1.

Test No. 586 Variablo-Density !Wnnel. April 23, 1931,.

C.L

-0.162

.177

.332

.486

.640

.784

1.07’?

“1.208

1.282

1.290

1.2?9

1.285

1.260

1.165

1.048

(do;%)
.

-7.5

-6.0.

-4.6

-3.1

-1.5

0.O

1.5

4.6

6.2 ..

7,9

9.9

11.9

13.9

16.0

20.3

26.7

CDO

0.0704

.0216

.0105

.0099

.0096

.0093

.0099

.0126

.0171

.0369

.0’793

.1376

.2082

.2810

.3959

.5322’

25

-0,113

.151

.159

- .159

- .15’9

.162

- ..159

.159

.157

.145

.132

.142

.165

- .192

● 222

- .238

,

●
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TABLE XX

Airfoil: N.A.C.A. 6509

Average Reynolds Number: 3,110,000.

Size of model: 5 x 30 inches.

Pressure, Standard Atmospheres: 20.8.

Test No.: 585

c
7J

-0.132

+ .(322

.182

●336

.489

.645

.789

.934

1.0’72

1.339

1.572

1.698

1.711

1.650

1.481

1.119

a

.

26

Variable-Density Tu-nnel. April 22, 1931.

ao
(degrees)

-7’.6

-6.1

-4.6

-3.1

-1.6

.1

+1.5

3.0

4.6

‘?.7

11.0

13.8

14.6

16.8

19.3

26.4

CDO

.—

0.0131

.0119

.0110

.0104

.0100

.0101

.0108

.0122

.0139

.0194

.0312

.0521

.0617

.1392

.2788

.5062

cm
c/4

-0.157

.158

.158

.159

.159

.159

.158

.158

.157

- .154

.149

.146

- .146

- .171

- .201

.223
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TABLE XXI

Airfoil: N,A.C.A. 6512

Average Reynolds Nun%or: 3,070,000.

Sizo of nodol: 5 x 30 inches,

Pressure, Standard Atnosphoros: 20.6.

Test No. 584 Variable-Density Tunnel. April 22, 1931.

CL

-0.135

-!-.174

.325

.480

.631

.769

1.053

1.320

1.548

1.645

1.716

1.747

1.735

1.265

ao

(degrees)

-7.6

-4.6

-3,0

-1.5

0.0

1.6

4.6

7.8

11.1

12.8

14.5

16.5

18.5

26.0

CDO

0.0137

,0116

.0112

.0111

.0116

,0124

.015’7

.0203

.0331

.0443

.0599

.0895

.1448

.4137

c
‘c/4

-0.153

- .153

.153

- .152

.151

- ,250

- .148

.142

- .140

.138

- .140

- .145

- .160

.215
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.

.

TA3LE XXiI

Airfoil: IT.A,C.A. 6515

Average Reynolds Number: 3,1G0,00G.

Size of model: 5 x 3G inches.

Pressure, Standard Atmospheres: 20.8.

Test No.: 583

CL

-0.157

+ .148

,298

.451

.599

,7’34

1.016

1.268

1.489

1.577’

1.636

.
1.66?

1*668

1.632

1,4’75
.—

28

Tariqble-Density Tunnel. April 22, 1931.

(deg~~es)
-.

-7.5

-4;5

-2.9

-1.4

+ ,1

1.7’

4.8

8.0

11.3

13.0

14.8

16.7

18.7

20.8

25.3
——.

0.0141

.0129

.0128

.0127

.0134

.0143

.0175

.0245

.0394

.0524

.07’39

.1G49

.1515

.2130

,3549

c
‘c/4

-0.149

.147

.145

.144

“ .141

- .140

.133

.128

- .126

.127’

“ .128

- .134

.145

.162

- .190

.

.
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TABLE XXIII

Airfoil: H.A.C.A. 6518

Average Reynolds Number: 3,100,000.

29

Size of model: 5 x 30 inches.

Pressure, Standard Atmospheres: 20.s.

Test No.: 582 Vartable-Density Tunnel. April 21, 1931.

-0.169

- .020

+ .130

.274

,420

.567

,703

,975

1.226

1,435

1.514

1.576

1.603

1.609

1,593

1.465

a.
(degrees)

-7.5

-5,9.,

-4.4

-2.9

-1*3

+ ●2

1,8

4.9

8.1

11,4

13.2

15.0

16.9

18.9

20,9

25.3

%lo

0,0148

.0142

.0141

,0141

.0142

,0150

.0161

.0206

.0293

,0471

.0635

.0861

.1170

.1592

.2098

,3355

c
‘c/4

-0.141

.139

.137

.135

- .132

- .129

. .126

.121

- .116

- .118

- .119

. ●120

.127

- .137

- .150

- .176
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.
T!A3LEXXIV

Airfoil: N,A.C.A. 6521

Average Reynolds Number: 3,080,000.

Size of model: 5 x 30 inches.

Pressure, Standard Atmospheres: 20.6.

Test No.: 581

-0.201

-1-.090

‘.234

.383

.521

.657

.922

1.168

1.354

1.416

1.462

1,486

1.489

1.480

1,288

V~iable-Density Tunnel. April 21, 1931,

ao CDO
(d.e&rees)

-7*4

-4.3

-2.7

-1.2

+ .3 .

le9

5*1

8.3

11.7

13.5

15,4

1’?.3

19.3

21,3

25.9

0.0159

.0154

.015s

.0162

.01’76

.0193

.0252

.0355

.0611

.0827

,1098

.1483

.18’70

.2332

.3500

c
MC/4

-0.133

.128

- .124

.121

.118

- .116

- .113

- .109

- .112

●115

.122

- .127

.137.

.149

- .168
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