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SUMMARY

It may be reasonably concluded that the retention of

maximum lift over a comsiderable range of angle of attack

is mot a characteristic imherent im the Davis airfoil series.

Tt is further assumed that, should such a characteristic be

exhibited by a member of the series, it represents a unique

condition, or at most a condition limited to a marrow range

of practical sections.



In actual use, a Davis airfoil section has been noted to

yield a retention of maximum 1ift over a comsiderable angular

travel- giving a "flat-top" lift curve, Although this condit-

ion might concelvable have certain advantages in isolated

instances; it is in general not a desirable arrangement~

particularly as regards the conventiomal landing technique.

In an effort to determine whether this observed charactcristic

was typical of the Davis family of airfoils, it was desired

to test represer live sections of the series, varying them

by some uniform method. In an initial attempt, the obtaining

of equal maximum thickmesses at different percentages of the

chord seemed beste

An examination of Davis! equations and a typieal section

plot(sce Fige.8, Appendix),shows the difficulties inherent in

a mathematical analysis; the wing chord,which is the desired

reference, assumes a unique orientation with respect to the

plotting coordinate system for each of the endless (A) (B)

combinations.

A successful mathematical expression was derived, however,

but its enormity lent so little facility to direct use that it

had to be abandoned for practieal reasonseIn its stead, I37

tedious plots of sections were made, covering a wide scope of



parameters, with the resulting scaled measurements plotted

and cross-plotted; involving as separate variables A, B, %

thickness, chordal position, This yielded curves whose trends

could be accurgtely predicted, and the desired sections

obtained through extrapolation. This having fimally been

accomplished, it was discoveredthat the differencs between any

two airfoils, of similar thickness and in a practical region,

was too slight to use a 6" chord and not create the apprehens-

fom that any similarities in results had arisen from small

construction deviations, This method of approach was likewise

abandoned.

The work entailed was mot a complete loss, however,

since the large accumulation of plotted section characteristiec

served as material for the selections eventually made.,Thess

selections; based on a constant B/A ratio, are givem in the

procedure”, together with indieations of why they were made,



_APPARATUS

The tunnel employed was the M.I.T. 5% Wimd Tunnel, Its

principal characteristics appear in Fige,9, Appendix.

The three models were wings of 36" by 6" dimensions, giving

an area of I.5 square feet and an aspect ratio of 6, Their

section ordinates appear in Figs. 5,6,7, Appendix. These

wings were strictly rectangular, with the ends rounded to

diameters equalling the thickness at any chord station,

Constructed of Philippine mahogany, they were surfaced with

filler and waxed; furthermore being equipped with the fittings

and sting peculiar to this type of suspension. (See Fige TO,

Appendix,)

The grid construction was simplicity itself, it consistimg

of 5/I6" brass rods, spaced I" on centers, in a 3' by 4!

wooden frame,



PROCEDURE

With the premise being that tests were to be conducted

on three Davis airfoils of constant B/A ratio, a choice was

made, both of this ratio amd of the magnitudes of the para-

meters for each wing. This understandably entailed some

choice of range which was, to an extent, arbitrary. Davis?

own suggestion, based on his knowledge of the subject-

which is pesumably the most extensive-~ recommends a B/A

ratio lying between I8% and33%, The 25% value utilized

seems justified in light of this consideration. Some slight

knowledge by the of Davis airfoils in actual use, plusex-

perience garnered in plotting imummerably varied sections,

led to the selection of "A" values equalling 0,65, 0,75,

and 0,85 It is felt that these, under the limited testimg

conditions, provided as extemsive a practical range as

possible~ practical as regards both model construction amd

actual usage,

These three airfoils were then plotted, using the four

equations derived by Davis(Consult Fig. 8,Appendix.)

These plots yielded three airfoils of varying size and

with chord- lines(mathematical chords, that is, between

intersections of foil with horizontal axis at nose and verti-

cal axis at trailing edge) at angles to the plotting co-

ordinates, To obtain usable data in their construction, these

plots were greatly enlarged, with stations and ordinates then



being scaled in directions perpendicular and parallel to the

chord, By ratio of lengths, these numbers were all converted

to airfoils of 6" chord, retaining the .00I"to which the data

then become accurate, in the process, The plotting of these

sections upon aluminum templates was facilitated by use of

the graduations on a milling machine, (See Fig, 56,7,Appendix.)

In order to improve the data obtained, a turbulence grid

was inserted in the tummel about four feet before the Kodal y

yielding a higher effective Reynolds number, This tunnel is

calibrated for I.A.S. V8. the statie pressure differential

between its interior and exterior, With such a calibration,

1t became obvious that it would not be correct, since the

grid could not be placed in any position which would not

interfere with the plate for measuring internal static press-

ures With this in view, and because of the mature of the

tests, a calibrated I.A.S, of 40 m.p.,h. was employed- even

then the motive power protesting some what over the gridts

high drag. Subsequent checking with a pitot tube showed the

actual speed to be 36,3 mespehs This value seems reliable,

since it was taken over two feet behind the grid, in which

the rods are of 5/I6" diameter, A further confirmation lies

in the obtaining of an exact 40 m.p.h. pitot reading with the

grid removed.

Each model was mounted and adjusted to obtain the parallel-

ogram relationship typical of this Prandtl suspension. The

displacement of zero balance angle amd chord-line was noted,



wind-off balance readings for all anticipated angles were

recorded, as were the corresponding readings for wind-on.

Following each of these, a study of the stall development

across the wing was made by employing a multitude of small

white threads attached lightly to the wing's upper surface.

(See Figs 44 Appendix.)

The above was repeated for all models, Tonote the effect

of the grid, a second run of a similar nature was made for

Wing #2 with the grid removed, and the tunnel calibration

set for the speed which the pitot had previously indicated

with the grid present,



DISCUSSION

This short investigation having as its purpose the

determination of whether a characteristic was omnipresent

in a series of airfoils, it remains sufficient to show that

it does not exist’ in a few of that serles to disprove the

tacit assumption that it does.

I belleve that, within the ability of these tests to do

80, this negation has been accomplished, While it is true that

these sections show reasomably good stalling properties through-

out, even at this Reynolds number, it is apparent that none

actually exhibit the characteristic in question. The Reynolds

number of testing was approximately 600,000, What might be ex-

hibitVted at a higher Reynolds number is problematical, It is

quite possible, as the tests with and without grid indicate,

that a further increase in Reynolds number may smooth the curve out

to a greater extent, but a continuous extension of lift seems

doubtful.

There remain only the methods of this particular test to

be congidered. The grid, as Fig. 2 in the Appendix indicates,

had no appreciable effect on CL aax, but it did serve to delay

the stall drop-off, and create a smoother, flatter peak to the

1ift curve, In this comparison, the curves were displaced

in position, but not slope, leading to the belief that some

asymmetry in the grid or the flow had effectively altered OC

slightly. For this reason, an arbitrary shift was made for



coincidence. The equality of slopes further justifies the

accuracy of I,A.S, determinations, beyond that mentioned in

the "Procedure,"

For a given B/A ratio, the stalling properties seem to

improve with increasing parameter, as does also the lift-

all being reasonably good for these testing conditions. The

progressions of stall over the surface (Fig. 4, Appendix)

appear to be qualitatively quite similar, with some minor

idiosyncracies~ these probably attributable to fittings on

the thinner wing. The high values of A and B delay the stall

by several degrees, It should be noted that O{ measured from

zero lift, and not the mathematical chord, would raise these

stalling angles even higher,

The accuracy of all test measurements is about I%- the

qualitative nature of the work making this of lesser lmportance

than 1s customary.

An oddity of the curves is noticed in the tendency of all

to flattenyor "dimple", just before the peak,

$i is lower here, consistently, than anticipated for A.R.=6.

No further examination of this particular topic is

suggested, other than tests of a similar nature at higher

Reynolds numbers. The series of Davis airfoils are interesting,

however, and the selection of a particular section for some

express purpose may well warrant the tedious labor required to

geek it out from the multitude of its counterparts.



METHODS of COMPUTATIONS

The differences in wind-on and wind-off readings of the

three lift balances (34,5) are summed up for each angular

setting, Since the constant for each balance is identical,

multiplication of these summated differences by this

constant yields 1ift im pounds.

For these wings:

s= 2222 «1.5777 ns

(36.3).535522, "7 |

Division of 7 “fts by (Sq) yields the non-dimensional

corfPicient Ci:

C= -£-
Se

Im a closed-throat tunnel of this type, the wall

correction for induced change in angle of attack is positive

amd of the form

Neg=IL
gC

Nhnexre

aa;= induced angle

1iftI, +»

2 dynamic pressure

4  ce tunnel Y-=sgectional area

and of 1s a non-dimensional factor, being a function

AP
24



of the tunnel shapes

For a circular cross-section

1 3

of= L145 (E)%.---.]
Here S= Wing Span

D = Tunnel diameter

For this tummel:

I= g[1+7(38)%3
0 71306

then
AQ; (degrees) = IL

¢ 9C (57.3)
0.1306 x 57.3

3.355xIT25 L= 0714L
 _

In plottimg, it is only required to plot C. vs. the

correct angle, this being:

Xc = Ap + AU,
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Wine 71

A=.6500

B= _1625

STATION (in)

0,000
0,013
0,055
0.109
0.154
06207
0.298
00422
04609
06865
1.191
1.663
2205
2670
3192
3843
4,514
55254
56000

UPPER

SURFACE (IN.)

0,000
0.060
04104
0e141
06166
06192
De23L
0e276
06330
04385
0432
Je4d72
00485
e474
00442
06375
0283
Oel5l
0000

LOWER

SURFACE (IN.)

0.000
0,023
0.050

0,067
06075
0,082
0,092
0,100
D104
0104
0,097
0.083
0,072
0.057
06040
D023
0,017
04007
N000

FI1G.5



WING #5

A=.7500

B=.1875

STATION(in)

0,000
0,029
06057
O0el1l3
04209
04399
06680
1,071
Le430
1.901
20401
2839
e455
4,171
50135
5000

UPPER

SURFACE (in.)

0000:
0.085
00119
0167
De222
0303
06393
0e471
0¢5L7
00550
0556
0537
00434
D358
04204
0000

LOWER

SURFACE (iN)

0000
06033
06051
0,072
0,092
0110
06113
00110
04097
0080
0.061
06044
06029
06010
0000
0.000

FG. 6



Wing #3

A=. 8500
Bx. 2125

sTATION(n.)

0,000
Ve013
0,043
06085
06139
0198
06259
04400
04979
04805
10107
1,462
1.213
2e 342

24770
3209
3545
34951
44356
44732
Se 266

5000

UPPER LOWER

SURFACE(1~.) SURFACE(1)

000
06075
Je123
04183
06203
Je242
e274
06338
04403
04469
0533
06082
04617
0.625
06613
04579
0e542
04433
06413
0334
0.218
D000

06000
0.021
0050
06069
06085
0,098
06106
J6118
0.122
Oell8
OellO
06096
04077
0.056
0,038
0,022
0,013
0,002

-0,,003
-0 «006

=-0 4006

F/G. 7









MeIoeTe St Tunnel.

Dece 25, 1942,
Tele Se= S0e 3 MePehe

ORIGINAL, DAT
WING

Qo = 4° ie€ey -4 on balance = 0° wing chord line,

Balance Readings

Or
-8

~G

dd

1

Iv
TL

I?
I3

14
rS
TS

17
18
I9
20

H-

3

IS3,1
T5042
149.0
T4648
45,2
I43,5
T4245
I4I.4

139.9
13944
[3746
136,48
13547
I3542
I3348
13342
I3Ie3
132,48
I30,1
I20,1
I28,3
127.7
12642
12543

a

I8548
18346
I8T 06
L791
T7746
I75e4
17463
T7365
T7246
I7Le5
T7047
T6966
T6846
16743
16667

165.5
[6344
16445
16245
I6I.,1
IG0,T
16961
15769
T5666

5

40849
AT36I
4T75
422.3
426 ¢8
43T¢3
43360
43547
438 eI
43048
44242
444.4
446 4
448.6
45T.1
453¢I
457¢9
45545
4600
461.8
464 ¢3
466.42
46849
47046

3

152.2
1793
205.4
236 ¢0

D254¢3
20344
306¢5
31945
33169
3434
3544.4
36442
3606
3675
37049
359.4
326.4
344,0
308¢7
307 0
ROT ¢6
20360
PO02,8
D8445

¥ind-on

=x 5

17043 4363
20045 14647
2297 462.4
209eI 47861
288eI 49442
31644 509,3
32962 O0I7e3
34346 D235
3568 0318
36942 D37e2
37948 04462
38843 048¢0
398.4 B6£4,6
406.8 55648

40803 5626
401.6 56868
376 ¢7 58440
388.8 57943
37348 58608
35863 59363
35462 597.8
34145 60048
334,0 60369
S3I8e8 6097



MeIeTe 5 Tunmel
Dece 27, 1942,
ToAsS.=3643 MJP H,

ORIGINAL DATA — Wine #2

Uo= «4° ig€eq =4° om balance = 0° wing chord-lime,

Balance Readings

wind-off

Gr 3 4

-8

-6

-4

16162
159.4
15749
15449
15340
151.1
15048
14942
148¢9
14746
14741
14651
14561
14442
14342
14146
14046
132¢3
1386
13861
13645

13549
13442
1337

127.1
10542
1928
191.0
18960
187.2

18G,43
18542
18440
18342
182¢1
18le2
18069
1792
1.7860
17649
17641
17561
1737
17246
17146
17046
16942
168.4

43047
415.5
42001
426401
42942
433.5
43G 40
43845
440 ,4
44247
444 ,4

44648
448.8
45142
1530
458545
45842
46040
462¢O
4645
46665

46849
471¢5
4733

19
11

12
13

14

16
17
18
19
0

3

1609
189.6
2171
2485
27767
305.6
31Ge8
33262
34240
34860
36100
36543
3083
3786
37445
37%1
36769
33867
3370
31346
30146
303¢4
29200
290.8

¥ind-on

4

187.5
2170
24644
274.49
30640
334,2
347,1
3608
37449
383,1
391.1
402,0
408,1
412,6
414.8
411.2
39343
38346
380.4
3715
35942
34940
348,9
342.4

rae:

—

[ad

Semm.

44142
45548
4726
48362
50445
5190
52642
B34.4
540.4
54542
550¢2
55369
56440
5640
56Ge8
57242
D78¢8
58562
5910
59443
800¢5
60447
6068
Bl08

~~ K



MeIeTe S' Tummel
J8Ne Ty 1943, 0

TeAeSe= 3643 MeDPehe

ORIGINAL DATA

Wing #2- without turbulence grid,

Uo = =4”’ 1e€eq =4° on balance = 0° wing che-d=-line,

Balonce Readings

Wind=off

Ur 3

15269
151.1
14847
1474
145,0
143.2
14243
141,2
1404.4
139.1
13865
1372

| 13643

LO 1357
11 1351
12 134.4
13 133¢4
14 132.4
15 13069
16 130.6

184,5
182,2
180.1
17845
17645
17443
17345
17244
171e4
17043
76043
16843
16704
16643
1652
164.5
16343
1623
16142
16052

408,8
4136
41847
42246
42743
43243
4326
43449
43701
43045
44167
44347
446,4
44842
45046
453¢3
45544
45740
45048
4062.1

163,0
10241
22541
25360
28448
309.6
32644
33769
3529
357 e4
364,6
3758
3735
365.1
332¢4
32644
309.1
304.8
20247
83.3

Se
 -

yind-on

4 5

17646
208,2
238,42
26847
208.1
328.4
341 44
35346
369.4
38149
3912
3979
404.4
412,1
37845
36642
36346
36740
35144
465

438,2
45348
470,48
48544
500 ¢4
D148
023¢4
52867
53860
54246
04742
DS3¢3
55548
05846
56843
5737
074.1
58340
53865
60144

266



MeIeTe St wind Tunnel
Deco 26¢ 1942,
TeAeSe = 36¢3 MePehe

ORIGINAL DATA

Wine #3

Ko — 5° ie€ey =5° on balamce=0° wing chord-line

Balance Readings

2s

9

-7
-5
-3

J

1

12
13

4
15

G

q

18
19
20
21
22

Vind-off

3 4

168,48
16761
165,0
16340
161,65
15042
158.1
15762
15642
154.4
15443
15360
1.5261
151¢5
18061
14940
143,0
1464
146.1

144.3
144,1
14248
141457
140,40
132¢5
138.4
136.7

19942
197.0
10447
120269
191,0
18862
1878
18740
18546
184,48
18346
18247
18167
18067
17965
17844
1775
176.4
1754
174.2
1732
17260
1.7098
169¢7
1688
16767
1664

40843
41442
41940
423¢7
428¢4
4333
435 44
437e4
43044
44242
443.8
44644
24904,0
451.62
45369
45546
457-46
460 2
862¢9
46448
157 ¢2
16962
471,56
47334
17444
47%0
480.0

S

Wind=--om

3 4 5

17360
19845
22046
25848
28762
31448
330¢2
lel
20444
36540
37445
3807
38944
393¢7
40361
205,0
10247
39946
39369
36646
35449
34760
31846
311.0
313¢8
31lel
309.8

10265
22244
25143

30969
338¢7
3523
3673
37869
389046
402.4
41261
41043
42867
4355
43748
444,8
44249
43842
43242
406¢3
3077
40045
3957
36644
36243
349.0

44840
46349
48047
49741
51267
52861
53660
543¢1

54848
55648
56269
5680
5721
577e4
5824
586, 3
50144
59561
69842
60368
61061
61365
61644
62067
6253
63045
63607



SAMPLE COMPUTATIONS

For wing #3

At Qu = 18€ balances~ wind off- read:

x
or

146.4 176.4

D

460 &gt;

vind on readings:

39946 44249 59541

A readings:

25342 26645 134.9

Z A readings = 65446

- in pounds

Sq =5.04

Cc,- 6548 _ ;298
5.04

— 6.546

AQ;= 0.7714 L = 0.114 x 6.546 = 0.8°

Ve = /18°%+0.8°= 78.8°

—
~~



TABULATED COMPUTATIONS

Olc

=4,0
=1,9
Oe2
2e3
de3
Ged
Ted
Bed
DeS

10,6
11,6
12,6
1367
14,7
15,6
1646

176
1866
19,6
2066
21,46
22,6
235
24.5

43

= ® 9

2941
06 ¢4
8942

119,1

16440
178e1
192,0
20440
21648
227 04
2339
232¢3
237e1
26a2

211.2
195,1
17846
1772
L69,3
170.3
1666
150,2

A4 A5  £(3,4,5) (Ibs,) CL

=15e5
16,9
4841
5548

11065
141,0
15449
170,1
18442
19747
209.1
2187
22048
239,40
241 ,6
2361

22¢4
33¢6
4448
8060
67 ¢4
7860
8443
878
D347
7¢4

102.0
10441
10842
10842
11165
115.7

0,06
06796
10493
24250
20970
3.689
4,032
44360
14699
14991
De 279
0502
06719
5795
56202
5.780

019
+108
2296
0447
0089
2432
0799
0865
0932
0920

L046
1,092
1,135
1.150
l.172
1.147

22443
21363
211e3
19742
194,1
182.4
17G¢1
16242

12368
12641
12048
13165
133¢5
13446
13540
139.1

56593
e345
DelO7
De066
44969
44873
44777
4,005

1109
12060
LeU20
1,006

2987
» 968

2948
2914

 2 Q



WING # 2

TABULATED COMPUT NS

Qc 43 A444 As

dO
~1,9
0e2
243
de4
Sed
745
Be5
946

10,6
11,6
12,6
13,6
1447
1547
16.¢7
177
1846
1946
2046
216
22,6
2345
04.5

~0¢3
30,2
5942
9346

124,7
15445
16640
18340
193,1

200¢4
213,49
219.2
22347
234.4
23143
2375
22743
20044
198,0
17545
165,1
16745
15748
157.0

=0e6
2168
5346
8369

11740
1.4740
16048
17546
1.9069
L9969
20940
22068
22742
233¢4
23648
23443
21762
2085
20667
198.9

1.78¢4
17947
174.0

3045
40,3
5245
62.1
7543
8545
90,42
90549

10060
10245
10548
107.1
111,3
112.8
113.3
11647
12046
12541
128,5
129,8
134,0
13548
13543
13745

E48 (344454)1bs,

0 +206
04923
1,653
20396
3¢170
3870
4170
44545
5028
4,840
De287
Ded7l
D¢622
54806
De813
D885
Deal
De 340

De 332
D042
44867
4817
44728
4.685

Ce

041
0183
» 328
0475
2628
0 767

327
» 901
2997
+959

1,048
1,085
14116
1,162
1,153
1,160
1.121
1,059
1,056
1,000

2 906
0955
0 036
 + 929

ap
-_—



TABULATED COMPUTATIONS

wing # 2 - without turbulence grid,

Oc a3

=440
=1e9

Oe2
Red
4 od
Geo
749
Bed
Deb

1046
11,6
1247
1367
1446
1546
1646
1746
1846
1946
eS

1045
41,0
764

105.4
139.8
16644
184,1
19647
21245
21843
226,1
23846
23742
198.8
197.3
192,0
175¢7
17244
161.8
152.8

44 A5

-709
2660
58el
9062

121.6
Odell
16769
1812
19860
2115
22169
22046
23760
24548
213¢3
201¢7
20043
20447
19042
186.3

2944
40,2
5241
628
7341
B2¢5
90¢8
0348

10049
103,1
10545
109.6
10944
11144
11147
120.4
11847
12640
12847
129.3

48, 4, Se)Lbs.,

0432
1,072
1.866
20584
30345
4,030
4,428
4,717
Dell4
e329
59535
De718
De 826
5¢ 560
00283
Del4l
44947
0031
44807
4,084

CL

2063
» 21.3
0 370

» S13

»664
» 798
2877
» 936

1,018
1,068
1,100
1e147
1.158
1,103
1,050
1,020

0973
0998
2954
0 928

24



TABULATED ATTONS

Wine # 3

Qc 43

-440

-1e9
02
¢3
44
Ge5
75
845
046

1046
11,6
12.7
1347
1447
15¢7
1667
178
1848
197
2047
2,7
0247
23,6
24,6
0546
2646
Fa

442
31.4
6446
9548

12546
15546
172.1
18349
198,2
21046
22042
23247
23743
24242
25340
25640
25447
25342
24748
22243
2108
20442
17649
17140
17443
17247
173.1

4 4

=o 7
20e4
5646
8649

118,9
149.8
16445
18043
19362
20468
218438
22944
23746
24840
25641
25944
267 ¢3
266 40

260248
208 0

233e1
2257
22967
22640
19745
19447
18342

A5 ZA(344,5)1bs, CL

3947
49,7
617
73e4
84,3
94,8

10046
10547
11044
11446
112.1
121.6
123,1
12642
128.5
13047
133.8
134.9
13547
139,0
142,9
14443
14448
1473
15049
15345
156.7

0,372
1,065
1829
Re S563
34288
1,002
40372
44699
50018
D 400

DeO81
56837
64080
6164
6376
60458
54558
G e946

Ge463
6¢193
5¢8G3
De 742
De S14
De443
De 227
50209
5130

0074
o2lL
0363
» S08

»653
» 794
»868
»932
»996

1,071
1,107
1,153
1,206
1¢223
1265
e282
1,302
1,298
1.282
1,227
1.164
1,138
1,093
1,078
1,037
1,033
1,017
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