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SUMMARY

It may be reasonably eomcluded that the retemtion of
meximum 1ift over a comsiderable range of angle of attaek
is mot a characteristic imherent im the Davis airfoil series,
It is further assumed that, should such a characteristic be
exhibited by a member of the series, it represemts a umique
condition, or at most a condition limited to a marrow range

of practisal sectionse



INIRODUCTION

In actual use, a Davis airfoil sectiom has beenm noted to
yield a retention of maximuz 1ift over a comsiderable angular
travel- giving a "flat-top" 1lift curve, Although this condit-
ion might comceivable have certain advamtages in isolated
instaneces, it is in gemeral not a desirable arrangement-
particularly as regards the conventiomal landing teMe.

In an effort to determine whether this observed characteristic
was typical of the Davis family of airfoils, it was desired
to test representative sections of the series, varying them
by some uniform method. Im am initial attempt, the obtaining
of equal maximum thickmesses at different percentages of the
chord seemed best,
An examination of Davis! equations and a typieal sectiom
plot(see Fig,8, Appendix),shows the difficulties inheremt 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 emdless (A)(B)
combinations, _
A successful mathematical expressiom was derived, however,
but its emormity lent so little facility to direct use that it
had to be abandoned for practieal reasons,In its siead, 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, %
thicknesa;' chordal position, This yielded curves whose trends
could be accurgtely predicted, and the desired sections
obtained through extrapolation, This having finally been
accomplished, it was discoveredthat the difference between amy
two airfoils, of similar thickmess and in a practical region,
was too slight to use a 6" chord and not create the apprehens-
iom that any similarities in results bad arisem from small
eonstruction deviations, This method of approach was likewise
abandoned,

The work emtailed was mot a complete loss; however,
gince the large accunmulation of plotted sectiom characteristics
served as material for the selections eventually made,Thess
selectioms, based on a constant B/A ratio, are givem in the
mprocedure”, together with indieations of why they were made.

|



~APPARATUS

The tunnel employed was the M,I,T. 5' Wimd Tunmel, Its
prineipal characteristics appear in F'ig.9; Appendix,

The three models were wings of 36" by 6" dimemsions, 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 strietly rectamgular, with the ends rounded to
diameters equalling the thickness at any chord statiom,
Comstructed 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 F‘ig.IO;
Appendix,) |

The grid construction was simpliecity itselr; it congisting
of 5/I6" brass rods; spaced I" on centers; in a 3" by 4¢

wooden frame,

N



PROCEDURE

With the premise being that tests were to be conducted
on three Davis airfoils of constamt 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 suggestiom, based om his knowledge of the subject-
which is pEzswnably the most extensive~ recommends a B/A
ratio lying between I8% and33%. The 25% value utilized
seems justified in light of this comsideration, Some slight
knowledge by th%ffh;;via airfoils in actual use, plusex-
perience garmered 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 és extensive a practical range as
possible~ practical as regards both model construction and
actual usages

These three airfoils were them plotted, using the four
equations derived by Davis(Consult Fige 8yAppendix,)

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 comstruction, 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, 5,6, '?Mppendix.)

In order to improve the data obtained, a turbulence grid
was inserted in the tumnel about four feet before the fodel,
yielding a higher effective Reynolds number, This tumnel is
calibrated for I.A.S. V8, the statie pressure differential
between its interior anmd exterior, With such a calibration,
it became obvious that it would not be correct; since the
grid could not be placed in amy position which woﬁld not
interfere with the plate for measuring internal static press-
ure, 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 grid's
high drage, Subsequent checking with a pitot tube showed the
actual speed to be 36,3 mepoh, 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 obtaim the parallel-
ogram relationship typidal 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 Fig. 4, Appendix,)

The above was repeated for all models, Tonote the effect
of the grid, a second run of a similar nature was made for
Wwing #2 with the grid removed, and the tunnel caliﬁration
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 geries of airfoils, it remains sufficient to show that
it does not exist in a few of that series to disprove the
tacit assumption that it does.

I believe 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-
outy even at this Reynolds mumber, it is apparent that none
actually exhibit the characteristic in questiom. The Reynolds
number of testing was approximately 600,000, What might be ex-
hibitb\ed 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 erxteat, but a continuous extension of 1lif't seems
doubtful, _

There remain only the methods of this particular test to
be congidered, The grid, as Fig. 2 in the Appendix indiecates,
had no appreciable effect on GLmax, 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 displaeed

in position, but not slope, leading to the belief that some
asymnetry 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 econditions. The
progressions of stall over the surface (Fige. 4, Appendix)
appear to be qualitatively quite similar, with some minor
idiosyncracies~ these probably attributable to fit,tiﬁgs 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 1lift, and not the mathmtical chord, would raise these
stalling angles even higher,

The accuracy of all test measurements is about I%- the
qualitative mature of the work making this of lesser importance
than is customary,.

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

to flattenyor "dimple", just before the peak,
j% is lower here, comsistently, than anticipated for A.R.=6.

No further examinatiom of this particular topic is
suggested, other than teste 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
seek it out from the multitude of its counterpartse.



METHODS of COMPUTATTONS

The differemces in wind~on and wind-off readings of the
three 1ift balances (3;4,5) 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 wingss

2 5q = 5.04 L8S.
q-136:3)" . 53553

Division of 1ifts by (Sq) yields the non-dimensiomal
coefficient Cv:
Co= =
27
In a closed-throat tunnel of this type; the wall
correction for induced change in angle of attack is positive
and of the form

.= dL
A 2C
where
AQ; = induced angle
L = 1lift

= dynamic pressure

(6 = tunnel X-sectiomal area

and d is a non-dimensional factor, being a function

70



of the tummel shape,
For a circular cross-section
d 3 4
- FL1+76(F)7+- - ]
Here S= Wing Span
D = Tunnel diameter

For this tummel:
1 o) 4
- g1+ & (28)% -]
= 0.7306

then
A, (degrees) = .é% (573)

0.7306 x57. 3
= L= O.71714 L
3. 355 % _7%.2_.5 L= G TT¢

In plottimg, it is only required to plot C. vs, the
correct angle, this being:

“C’ qM"‘ Aaf‘(_ .

77
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e

STATION (1n.)

0,000
0,013
060865
0,109
04154
04207
04298
0e422
04609
04865
1.191
1,663
24205
2670
3.192
34843
4,514
5¢254
6,000

UPPER

SURFACE(IN.)

04000
04060
04104
Oel4l
04166
04192
Oe231
04276
0e330
00385
0e432
06472
0e485
04474
0e442
0e375
04283
OelSl
06000

FilG. .3

78

LOWER
SURFACE (In.)

0,000
0,023
0,050
04067
04075
0,082
0,092
0,100
00104
04104
04097
0,083
0,072
06,057
04040
0,028
04017
0,007
0,000



WING #2
A=.7500
B=.1875
T K B \
. UPPER LOWER
STATION (i) SURFACE (1N.) SURFACE(N.)
0.000 0.000'\ } 0.000
04029 0,085 0,033
0el1l8 0167 0,072
04209 0e222 0,092
03929 0e303 0e¢l10
0680 0393 O0ell13
1,071 - 06471 . 0110
1430 0,017 0,097
1,901 0550 0080
2401 0,556 04061
2889 0537 0,044
3455 0,484 0,029
4,171 0358 0,010
5.135 0. 204 0.000
6000 0000 0,000
e e

79



WinG

A= . 8500
B=.2125

\

o ——
UPPER LOWER
stAaTionN(m.) suRFACE(IN.) SURFACE(IN.)
04000 0,000 04000
04013 04075 04021
0,043 04123 0,050
0085 0,163 06069
0,139 04203 0,085
0198 00242 0,098
04259 04274 0,106
0,400 0338 0,118
0579 06403 0.122
04805 04469 0118
14107 0,533 04110
1l.462 0582 0,096
1,913 04617 0077
De342 04625 0,056
2770 06613 0,038
3209 0579 0,022
3e545 00542 0,013
3,951 00483 0,002
4,356 00413 =0,003
4,732 00334 -0 4006
5266 00218 =0 4006
64000 04000 0,000
Vg

<0



EQUATIONS oF
DAvIS AIRFoIiL AND
TypPicAL SECT/ION

Xs= 5(n0/0.6366/98 (A-B)+8] +tanOl- 26366198 ¢](+A)

Ys= cos@[0.6366/98(A-B)+B]— A[1- 0.6366798 e/
Xp= Sno/o 6366198 (4-B)+B] +Ttan6/[1-0.6366 198 &/ (1-A)

Vo= c0s8/[0.63667198(A-B)-B]-(a-2B)/7- 06366198 I

O =FROM O TO 15708

il a8

27
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ro b & b

Hdowwoopwno

ORIQINGAL D:ﬁg&

1,0y -4 on balance =

Balance Readingg
Wind-off

3 4 5
I53,1 I85,8 408,9
I50,2 I83,6 4I3,I
I49,0 I8I.6 4I7.6
T146,8 I79eI 422,3
J45,.,2 T77e6 42648
I43,5 I75¢4 4313
T424,5 I74,3 43340
I4I.4 T73e5 43547
I39,9 I7266 43861
1394 I7T¢5 43948
13706 I70¢7 44202
I36,8 I69,6 444,.,4
I35,7 I68,6 446.,4
I3542 16748 448,6
I33.8 166,7 45I.1
I33,2 T65,5 453¢1

I3Ie3 TI63¢4 457,92
I32,8 I6445 455,5
I30,T 1625  460,0
I29,1 I6I,I 461,8
I28,3 T60,I 464,3
I27,7 I59,I 46642
12642 I57,9 46849
12543 T56,6 47046

24

M, I.T. 5t Turmmel.
Dece 25, I942,

LeAeSe~

0’ wimg chord line.

Wind-on
3 4
15242 I703
I179.3 200,5
205,.4 229,7
2360 259, T
64 e 3 288,1
29344 31644
30645 329,2
319,5 343,6
33I,9 35648
343.4 369,2
354.4 3798
36442 38843
369,6 398.4
367+5 4068
70,9 408,3
359,4 401,6
326.4 376,7
344,0 388.8
3087 3738
3070 358,3
20746 354,42
298,0 34145
292,8 334,0
284,5 3I8.8

360 3 MePehe



Ao = =4° igeeey =4° om balamce =

~
-.l

BLEREERBERSvovaorwmobbhd

Balange Readings
Wind-off
3 4 S
161,2 197,1 410,7
1594 19542 415,5
157,92 1928 420,11
154,9 191,0 42641
1563,0 189,0 429,2
151,1 18742 433,56
1508 186,3 436,0
14942 185,2 43845
148,9 184,0 440.,4
147,6 183,2 442,7
147.1 182,1 444.4
14641 18le2 44648
1451 180,9 448,8
1444,2 17942 451,2
143,2 178,00 45345
141e6 17649 4555
14046 176,1 458,2
1323 17541 46040
13846 1737 46245
13841 17246 46440
13645 171,6 466,5
135492 17046 468,49
13442 16942 471,5
133,7 168,4 47343

M.I.T. 61
Dec,
I, AesSe "56

QRIGINAL DATA —Wine 2.
0° wing chord-lime,

25

160,9
189,6
2l7,1
24845
2777
306,6
316e8
3322
34240
348,40
361,0
36543
36848
37846
37445
3791
36749
33947
33740

301,6
303¢4
292,0
290,48

Wind-on

187,5
21740
246.,4
27449
306,40
334,2
347,1
360 ¢8
374.

383,1
39141
40240
408,1
41246
41448

39343
38346
380,4
371e5
35942
34940
348,49
34244

Tunnel
1942,
03 M.P.H.

441,2
4558
47246
48842
504,5
51940
52642

57848

591,40
594,43
60065
60447
60648
61048



MeI,Te 5' Tummel
Jan, 7y 1943,
TeAeSe= 36.3 m.p.h.

ORIGINAL DATA
wing #2- without turbulence grid,
o = =4° i,eey =4  on balance = 0° wing chord-line,

Balance Readings
Wind=off Wind-on
&r 3 4 5 3 4 s
-3 15245 184,55 408,8 16340 17646 438,2
-6 1561l.1 182,2 413,6 192,1 208,2 453,8
-4 148,7 1801 418,7 225,1 23842 470,8
-2 1474 17845 422,6 26340 26847 485.,4
0 145,0 17645 427,3 284,8 298,1 8500 .4
2 143,2 174,3 432,3 309,6 328.4 514,8
e 141,2 17244 434,92 33769 3536 52847
S 140,4 171e4 437,1 352,92 369.,4 538,40
6 1391 17043 439,5 357 ¢4 3819 542,46
7 138,55 16%9,3 441,7 364,6 391e2 54742
8 13762 16843 443,7 3758 39749 58343
9 13643 1674 446,4 373¢5 404,4 555,8
10 135,7 16643 448,2 365,1 412,1 558,6
11 13541 16542 45046 3324 37845 568,43
12 13444 164,5 453,3 32644 366,42 S73e7
13 1334 16343 45544 309,1 36346 ST74.1
14 132.,4 162,3 45740 304,8 36760 583,40
15 130492 161,22 459,8 29247 3514 58845
16 130.,6 16052 462,11 34645 59,4

26

28343



MeIosTo S' Wind Tunnel
Dece 26,' 1942.
TeAeSe = 3643 mePehe

0 AL, DATA
Wing #3

Qo = =5° i.eey =5~ on balamee=0" wing chord=-line

Balsnce Readings
Wind-off Wind—om
r 3 4 5 3 4 5

-9 168,8 19942 408e3 17340 1925 448,0
-7 16741 19740 414.2 198,65 22244 463,9
-5 165,0 19447 419,0 229.6 2513 48047
-3 163,40 1929 423,7 26848 2798 497,1
-1 161,6 191,0 42844 2872 3099 5127
15942 188420 43343 3148 338,7 528,1
15841 18748 43544 33042 352,3 53640
15762 18740 43744 34l,1 3673 543,1
15642 18546 43944 35444 37842 549,8
154,4 184,8 442,2 365,0 389,6 55648
15443 18346 443,8 37445 402,4 562,9
153,0 1827 44644 385,7 412,1 68,0
1521 18le7 449,0 3894 419,3 5721
151e° 180.7 4512 39347 4287 ST7e4
1501 17965 453,92 403,1 435,6 58244
149,0 17844 45546 405,0 437.,8 3863
148,0 1775 45746 402,7 444,8 5914
14644 17644 460,2 3926 442,9 595,1
1754 46245 39349 43842 598,2
144,3 17442 46448 3666 43242 603,8
144,1 17342 46742 35449 40643 610,41
142,8 17240 460942 347,0 3977 61345
14157 17048 471,6 318,66 40045 ©l6e4
140,0 1697 47334 311,0 3957 62047
13945 1G8e8 47444 31348 36644 62543
13844 16737 47750 31ll,1l 36243 63045

N S o sl PR T
=
&
»
=

27



SAMPLE COMPUTATIONS

—

0.8°

For wing #3 3
At Q) = 18€ balances- wind off- read:
3 4 g
14644 176.,4 46042
wind on readings:
A readingss |
25342 266,45 134,9
Z A readings = 65446
- in pounds = 6.546
sq =5.04
| 6.546
= —=——— = 1298
e 5.04
AQ = 0.714 L= o114 x 6.546
Qe = 18°+0.8°= 18.8°

28



""4.0
-1.9
De2
23
4e3
Ge4
7e5
8¢5
DeS
1046

12,6
1367
14,7
15,6
1646

17.6

19,6
2046
2146
22,6
2346
24,5

T

-0.9
29,1
5604
89,2
119,1
149,9
16440
1781
192,0
204,40
21648
227 ¢4
2339
23243
23761
22642

2112
195,1
17846
1779
16943
1703
16646
15942

WINGHL

"15.5

16,9
48,1
5548
11045

- 141.,0

15449
170,1
18442
197,7

- 20941

21847
22948
239,40

236,41

22443
21343
21143
19742

- 194,1

182,4
17641
16242

29

TION
A5 £ (3,4,5) (Lbs
2244 0,06
33,6 0,796
44,8 1,493
80,0 24250
67 o4 2,970
7840 3,689
8443 4,032
8748 44360
93,7 4,699
97,4 4,991
102.0 5,279
104,1 54502
10842 5,719
10842 5,795
11145 5,902
115,7 5,780
123,8 54593
126,1 54345
12648 5,107
131,5 5,066
13345 4,969
134,6 4,873
135‘0 4.777
139,1 4,605



-4.0
=1e9
Oe2

4.4

Ged

7e¢S

S¢S

D6
10,6
11,6
12,6
13,6
14,7
1547
167
177
18.6
1946
2066
21.6
226
23e5
24,5

=043
30,2
59,2
9346
124,7
15445
166,40
18340
123,1
20044
21369
219,2
22367
23444
23163
237 ¢S
22763
20044
198,40
17545
165,1
16745
15748
157,0

WING # 2
TABULATED COMPUTATIONS

A4

-9.6
2168
5346
83,9
11740
149.0
16048
175,6
190,9
199,9
209,40
220,68
22762
23364
236,48
23443
21742
20845
20647
198,9
18746
17804
17947
174,0

A5

3065
40,43
5245
62,1
7593
8565
9042
95.9
100,40
10245
1058
107.1
111,3
112,48
113.,3
116,7
12046
12561
12845
12948
134,40
13548
13543
13745

30

X4 (34 4,' 5¢)1bse

0,206
0,923
1,653
29396
34170
3870
44170
4,545
5,028
4,840
5,287
50471
54622
5,806
5813
5885
Se651
54340
5,332
5,042
4,867
443817
4,728
4,685




TABULATED COMPUTATIONS
wing # 2 - without turbulence grid.

a3

10,5

41,0

7604
105,4
1398
166,4
18441
19647
21245
21843
22641
23846
23742
19848
19743
192,0
17547
17244
161,8
152,48

a4

2640

5801

9042
121,6
15441
16749
18142
198,0
21145
221,9
229,6
237,40
24548
21343
20147
20043
204,47
190,2
18643

A5

29,4
40,2
52,1
6248
73,1
82,5
90,8
9348
10049
10341
10545
109,6
109,4
11144
11157
120,4
11847
126,0
128,7
129,3

31

£0(3,4,5.)1ks

0432

1,072
1,866
20584
30345
4,030
44,428
4,717
Sell4
5,329
54535
56778
5826
54560
0283
S5e141
44947
50031
44,807
4,684




12,7
13,7

IABULATED COMPUTATIONS

442
31,4
6446
95,8

12546
15546
1721
18349
198,2
21046
22042
2327
2373
24242
265340
256,40
25447
253, 2
247,8
22243
210¢8
20442
17669
it
17247
17361

-6.7

2544

5646

86,49
118,9
149,8
16445
18043
19362
20448
21843
22944
23746
24840
25641
25944
2673
26645
26248

23361
22547
22947
226,40
19745
194,7
18342

JFe

1543(3'4,5)Ib5.

04372
1,065
1,829
2563
34288
4,002
4,372
44,699
5,018
5400
54581
50837
64080
64164
6e 376
60458
6,558
69546
G463
69193
5868
5,742
54514
5¢443
S5¢227
50209
56130
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