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SUMMARY

The purpose of this test was to compare six well-known airfoils, the R. A. F. 15, U. 8. A. 5,
U 8 A 27, U. 8. A. 85-B, Clark Y, and Géttingen 387, fitted to ithe Sperry Messenger model,
at full scale Reynolds Number as obtained in the variable density wind tunnel of the National Advi-
sory Commitiee for Aeronautics; and to determine the scale effect on the model equipped with all the
details of the actual airplane. The results show a large decrease in minimum drag coefficient upon
increasing the Reynolds Number from about one-fweniieth scale to full scale. Maximum liff coeffi-
cient was increased with increasing scale for all the airfoils except the Gottingen 387, for which it
was slightly decreased. A comparison is made between the results of these tests and those obtained
from tests made in this tunnel on airfoils alone.

INTRODUCTION

This test was made to compare six well-known airfoils, the R. A. F. 15, U.S. A. 5, U.S. A.27,
U. S. A. 35-B, Clark Y, and Géttingen 387, fitted to the Sperry \Ie:senger model, at full-scale
Reynolds Number as obtained in the variable density wind tunnel of the National Advisory
Committee for Aeronautics. The scale effect on the model equipped with all the details of the
actual airplane was determined. Previous tests on this model conducted in the same tunnel have
glready been reported (Reference 1). The tests were made at the request of the Army Air

Corps.
THE TEST

A one-tenth scale model, reproducing all the details of external construction which could
be considered as contributing drag, was tested at tank pressures of one and of twenty atmos-
pheres for the model equipped with each set of wings. By ‘‘ tank pressure’ is meant the pressure
of the air within the steel shell of the tunnel. This is used as the simplest means of indicating
the scale of the test. Thus a tank pressure of twenty atmospheres means that the Reynolds
Number of the test is approximately twenty times as great as that of a one atmosphere test of
the same model in this tunnel.

In addition, the model fitted with U. S. A. 5 wings was equipped with a propeller, made
very accurately to scale, which was mounted on a bearing having little friction and allowed
to turn as a windmill. This combination was tested at five tank pressures ranging from one
to twenty atmospheres to determine the effect of the propeller.

A photograph and dimensioned drawing of the model will be found in Figures 1 and 2, respec-
tively. The small streamlined object suspended beneath the fuselage in Figure 2 was used to
represent the trailing-bomb type flicht path recorder used in the flight tests of the airplane.
Figure 3 is a photograph of the model in position for test. The fuselage is made of mahogany
with metal fittings. The empennage is of brass and the wings are of dural, with steel struts.
The dimensions of the biplane cellule are the same for all sets of wings. As will be seen from
the drawing, the angle of incidence is +2°, while that of the stabilizer is +124°. These angles
were used for all sets of wings, the elevators remaining neutral.

A description of the tunnel and its balance mechanism will be found in Reference 2. The
model was mounted in & manner similar to that used in the previous tests described in Reference
1. Two airplane streamline wires of sufficient stiffness to support the model were attached to
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F16. 1.—Model of Sperry Messenger airplane
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the lower wing at the quarter-chord point and fixed at their lower end to the balance ring. A
skid pivoting in the after part of the fuselage was attached to the vertical bar by which the angle
of attack was changed. This set-up differed from that described in Reference 1 only in that
faired shields were used over the sireamline wires to within approximately 10 inches of the
model to reduce the wire drag.

RESULTS AND DISCUSSION

The results of the tests, with drag coefficient and angle of attack corrected for tunnel-wall
interference by the Prandtl formulas (Reference 3), will be found in Tables I to XVIL. The

F1G. 3.—The model in the variable dersity wind tunnel

moment coefficients taken about the center of gravity of the airplane are given as measured.
No correction for the effect of tunnel walls upon the moment was made.

The curves of €5 and Oy plotted against (', as an ordinate are given in Figures 4 to 11.
The value of the angles spotted on the polar curves is that measured in the tunnel and is not
corrected for tunnel-wall effect. For the corresponding angles in free air, refer to the tabulated
data. The curves for the model fitted with U. S. A. 5 wings and propeller are shown for five
tank pressures in Figure 4. The spacing of these curves shows that the scale effect is large at
the lower Reynolds Numbers, particularly that on minimum drag coefficient. There is very
little difference between the drag coefficient at 10 and at 20 atmospheres, Figures 5 and 6 are
from the 1 and 20 atmosphere tests, respectively, each showing the curves for the model with
and without propeller. The ratio between minimum drag with and without propeller seems to
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be about the same regardless of scale. In these tests the propeller was running practically at
condition of zero torque, since the bearing friction was very slight. In Figures 6 to 11 are
plotted the results from the 1 and the 20 atmosphere tests for each set of wings. In every case
there is a large reduction in drag coefficient with increased Reynolds Number. All the airfoils
except the Gottingen 387 show also a considerable increase in maximum lift {for the runs at 20
atmospheres.

In Figures 12 to 19 lLift coefﬁcmnt drag coefﬁc1ent and lift-drag ratio are plotted against
the angles of attack measured in the tunnel. As explained above the corresponding anglesfor
free air will be found in the tables. These figures show that the scale effect on the lift-drag
ratio is large and practically the same for all the airfoils. The maximum L/D averages about
8 for the 20-atmosphere and about 6.5 for the 1-atmosphere tests.

. T
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F16. 20.—Curves of power required by Sperry Messenger airplane. Tests at 20 atmospheres

The curves of power required are plotted against speed in miles per hour in Figure 20. The
tests at 20 atmospheres, corrected for tunnel wall, were used in computing this data. On
account of the large difference in landing speed with the various airfoils it is difficult to make
any direct comparison of merit. The Clark Y, U. 8. A. 35-B, and U. S. A. 27 all combine low
power over most of the range with comparatively low landing speed. The U. S. A. 5 and
R. A. F. 15, while showing lower power over most of the flying range, have considerably higher
landing speeds. The curve for the U. S. A. 5 with propeller is also plotted for comparison.
The Goéttingen 387 shows very large power consumption and comparatively high landing
speed, and is evidently the poorest airfoil of the group. 7

A summary of the data from these tests is given in Table XVIII. Since the actual power
curves are given in Figure 20, no figures of merit involving power were computed. Thevalues
of maximum L/D and the ratio of maximum ( to minimum Cp are given as being of some
interest for comparison. The order of merit of the sections based on these items is given in
Table XIX for both the l-atmosphere and the 20-atmosphere tests. The order for the
airfoils alone, taken from variable density tunnel tests (Reference 4) are also given in this
table. It will be seen that the order obtained from the 20-atmosphere airfoil tests is, with
minor exceptions, the same as that from the 20-atmosphere Sperry model tests. On the other
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hand, the one-atmosphere tests, both of airfoils and model, are very misleading when compared

with the model tests at full-scale Reynolds Number.
LaNGLEY MEMORIAL AERONAUTICAL LLABORATORY,

NatioNan Apvisory COMMITTEE FOR AERONAUTICS,

Laxcrey Fiewp, Va., January 20, 1927.
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TABLE I
Sperry Messenger. Span=24 in, (61.0 cm).
U. S. A. 5 wings without propeller. Chord=4.8 in. (12.2 cm). B
Av. tank pres.=1 atm. Aspect ratio=35.
Av. dynamie pres., g=28.4 kg/m?. Area=0.1377 m?,
Av. Reynolds Number=173,000. Date, October 1, 1925.
Av. temperature=24° C.
Angle of attack, | Lift coefficient | Corrected LD Moment coeffi- | Corrected angle E
degrees a Cr ! Co clent Cx of attack, degreesi
—9 —0.201 +0. 1245 —1.61 +0. 094 —g. 11 ! o
—6 . 000 . 0913 0 . 048 —6.00 | .
—3 +.184 [ . 0746 +2. 47 . 018 —2.90 | -
—15 . 275 . 0702 3.92 . 011 —1.35 - -
0 . 371 . 0735 5. 05 —. 004 + .20
+15 . 463 . 0790 5. 86 +.014 1.75 t N
3 . 546 . 0885 6. 17 . 005 3.29
45 . 648 . 0999 6. 49 . 000 485 |
6 . 734 . 1110 6. 61 —. 022 6. 40 } )
9 . 906 . 1455 6. 23 —. 030 9. 49 T
12 1. 046 . 1861 5. 62 —. 060 "12.56 |
15 1. 133 . .2476 4. 58 —. 118 15. 81 [ B
18 1. 194 - 3503 3.41 . —. 109 18. 64 t
21 1160 | 45683 2.5 —. 190 2i. 63 |
; :
TABLE II
Sperry Messenger. Span=24 in. (61.0 cmj. *
U. 8. A. 5 wings without propeller. Chord=4.8 in. (12.2 e¢m).
Av. tank pres.=20.3 atm. Aspect ratio=35.
Av. dypamic pres., ¢=624 kg/m?, Area=0.1377 m?.
Av. Reynolds Number=3,360,000. Date, October 1, 1925.
Av. temperature=39° C.
Angle of attack, { Lif$ coefficient E Corrected LD Moment coeffi- | Corrected angle -
degrees a Cr : Cp cient Cx of attack, degrees
] .
—6 +0. 007 +0. 0662 +0.11 +0. 014 —6
—3 . 184 . 0430 3.83 . 000 —2.90 T
—L5 .280 . 0476 5. 88 —. 001 —1.35 )
0 . 379 . 0518 7.32 —. 008 + .20 -
+15 . 475 | . 0592 8. .02 —. 016 1.76 —
3 . 663 . 0680 8 28 —. 026 3.30
45 . 659 | . 0796 8. 28 —. 036 4. 86
6 L7752 . 0941 7. 99 —. (49 6. 41
9 L 936 . 1260 7. 43 —. 071 9. 50
12 1100 . 1689 6. 52 —. 089 12. 59
15 1.237 1 . 2261 5. 46 —. 145 15. 67 B
18 1279 . 3076 4,16 —. 214 18. 69 S
21 1. 220 . 4093 2.98 —. 244 21. 66 B
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TABLE IIT
Sperry Messenger. Span=24 in, (61.0 em).
U. S. A. 5 wings with propeller. Chord=4.8 in. (12.2 cm).
Av. tank pres. =1 atm. Aspect ratio=5.
Av. dynamie pres. ¢=27.4 kg/m?®. Area=10.1377 m?,
Av. Reynolds Number=166,000. - Date, October 5, 1925. -
Av. temperature=26° C.
i -
Angle of attack, | Lift coefficient Corrected o Moment coeffi- | Corrected angle l
t degrees o . CL ) Cp . clent Cx of attack,degrees.t
]
: —9 —0. 184 +0. 1327 —1.39 +0. 050 —9.10 i
] —6 +.013 . 0962 +. 14 +. 007 —5.99 |
! —3 . 189 . 0804 2. 35 —. 004 —2.90 )
—15 . 282 . 0789 3. 57 —. 002 —1.35 )
0 . 875 . 0827 4 .53 —. 013 +. 20
+1.5 . 472 . 0886 5. 33 —. 011 1.75
3 . 551 . 0960 5.74 —. 013 3. 30 B -
: 15 . 652 . 1072 6.08 —. 013 4. 85 )
[ 6 . 737 - . 1197 65.16 — 049 6. 40
9 . 911 . 1502 8. 07 —. 049 9.49
12 1. 061 .. 1955 D43 —. 064 12. 57
15 1. 150 . 2577 4,46 ~. 109 15.62
18 L1983 . .3511 23.40 —. 135 18. 64 | B
} 21 1. 161 T . 4536 2. 56 —. 177 21. 63 i
TABLE IV
Sperry Messenger., Span=24 in., (61.0 cm).
U. 8. A. 5 wings with propeller. Chord=4.8 in. (12.2 cm).
Av. tank pres.=2.51 atm. Aspect ratio=35.
Av. dynamic pres. ¢=09.9 kg/m?2, Area=0.1377 m?. ’
Av. Reynolds Number=417,000. Date, October 5, 1925.
Av. temperature=30° C.
Angle of attack, | Lift coefficient Corrected L/li Roment coefi- | Corrected angle
degrees « [5;4 Co el clent Cx of attack, degrees
-9 =0, 171 +0. 1227 —1.39 +0. 041 —9. 09
—6 -+. 014 . 0916 +.15 +. 005 —5. 99
—3 - . 189 . 0737 2. 56 —. 010 —2. 90
—-15 . 283 . 0709 3. 99 —. 023 —1. 35
0 . 380 . 0748 5.08 —. 020 +. 20
+1.5 . 467 . 0804 5. 80 —. 022 | 1.75
3 . 560 . 0884 B. 32 —. 029 | 3. 30
4. 5 . 664, . 1025 6. 48 —. 046 | - 486
6 . 753 L1127 6. 68 —. 045 | 6. 41
9 . 929 . 1461 5.36 —. 083 ¢ 9. 50
12 1. 082 . 1871 5.78 —. 059 12. 58
15 1.183 . 2485 4.76 —. 133 15. 64
18 1. 219 . 3463 3. 52 —. 195 18, 66
21 1. 201 . 4433 271 —. 206 21. 65



TESTS OF SPERRY MESSENGER 3ODEL WITH SIX SETS OF WINGS

TABLE V¥
Sperry Messenger. ) Span=24 in. (61.0 em).
U. S. A., 5 wings, with propeller. Chord=4.8 in. (12.2 cmj).
Av. tank pres.=85.11 atm. Aspect ratio=5.
Av. dynamic pres. ¢=148.2 kg/m?. Area=0.1377 m?.
Av. Reynolds Number=2867,000. Date, October 6, 1925.
Av. temperature=29° C.
i Angle of attack, | Lift coefficient Corrected LD Moqxénr coeffi- ; Corrected angle
i degrees « Cr , Ch. clent Cx of attack, degrees
—9 —@ 174 +0.1138 —1.53 +0.030 —93.09
| —6 +.007 . 0806 +. 09 —. 001 —6. 00
; —3 . 187 . 0632 2. 96 —. 015 —2.90
‘ —1.5 .287 . 0620 4.63 —. 023 —1.35
{ 0 .879 . 0654 5. 80 —. 016 +.20
+1.5 . 473 . . 0723 6. 54 —. 012 1.75
1 3 . 558 - 0803 6. 95 —. 014 3. 30
i 4.5 . 660 . 0929 7.10 —. 012 4. 86
f 6 . 751 i . 1064 7. 06 —. 035 6. 40
: 9 . 933 | . 1385 6. 71 —. 048 9. 50
; 12 1098 . 1830 6. 00 —. 076 12, 59
! 18 1L 210 . 2406 5. 03 —. 132 15. 65
: 18 1.232 . 3352 3. 67 . 191 18. 66
21 1. 221 L4471 2. 73 —. 235 21. 66
TABLE VI

Sperry Messenger.

U. 8. A. 5 wings with propeller.
Av. tank pres.=10.07 atm.

Av. dynamic pres. ¢=296 kg/m?.
Av. Reynolds Number=1,670,000.
Av. temperature=36° C.

Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 cm).
Aspect ratio=5.
Area=0.1377 m?.

Date, October 6, 1925.

: |
Moment coeffi- | Carrected angle
cient Cw ‘!o.[attack, degreesl

H

b Angle of attack, | Lift coefficient Corrected LiD
degrees & (%4 Cp

—6 +0. 007 +0. 0737 +0. 09
—3 L1825 . 0569 3. 20
—1.5 . 281 . 0550 5. 11

0 . 376 I . 0586 6. 42
+1.5 . 479 ! . 0658 7.28

3 . 564 L0742 7.60

4.5 . 664 . 0865 7. 868

6 . 762 . 1016 7. 50

g . 940 - 1335 7. 04

12 1115 L1772 6. 29

15 1. 213 . 2371 511

18 L 243 . 3242 3. 83

21 1. 228 . 4351 2. 82

P '

—0.005 ; —6
—. 021 —. 290
—020 | —135
C—. 034 +.-20
—. 030 | 1.76
—. 028 | 3.30
— 055 | 486 |
—lo70 | 64l |
—.068 | 951 |
113 1 12060
_162 | 15.65
—.207 © 1867

—.263 | 21.66
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TABLE VII
Sperry Messenger. Cpan 24 in. (61.0 em).
U. S. A. 5 wings with propeller. hord=4.8 in. (12.2 em).
Av. tank pres.=20.35 atm. Aspeet ratio=35.
Av. dynamic pres. ¢==607 kg/m?. Area=0.1377 ms.
Av. Reynolds Number=3,210,000. Date, October 6, 1925.
Av. temperature=49° C.

. Angle of attack, | Lift cosfficient Corrected i Moment coeffi- ! Corrected angle
¢ degrees & Cr Co , clent Ca of attack, degrees
—6 —0. 002 +0. 0709 —0.03 —0. 000 —6

—3- — -+. 180 . 0524 +3. 43 —. 011 —2. 90
—15 S .276 . 0523 5 28 —. 010 —1. 35
0 . 372 . 0562 6. 62 —. 023 +.20
+1.5 . 465 . 0633 7. 34 —. 028 1.75
3 . 556 . 0719 7.73 —. 029 3. 30
4.5 . 656 . 0839 7. 82 —. 042 4.85
6. . 751 . 0971 7.74 —. 051 6. 40
9 929 . 1295 7.17 —. 066 9. 50
12 1 106 . 1706 6. 48 —. 087 12. 60
15 1. 237 . 2247 5 50 —. 128 15, 67
18 1. 268 . 3122 4. 06 —. 200 18. 68
21 1. 236 . 4188 2. 96 —. 248 21, 67
TABLE VIII.
Sperry Messenger. Span=24 in, (61.0 cm).
U. 8. A. 35~-B wings. Chord=4.8 in. (12.2 em).
Av. tank pres.=1 atm. Aspect ratio=5.
Av. dynamic pres. ¢=28.7 kg/m?, Area=0.1377 m?,
Av. Reynolds Number=177,000. Date, April 13, 1926.
Av. temperature=20° C.
i
: Angle of attack, | Lift coefficien Corrected oD Moment coeffi- | Corrected angle
degrees a CL Cp - cient Cy of artack, degrees
—9 —0.119 ~+0. 0869 —1.37 +0 095 . —9.06
—6 .. +. 066 . 0699 +: 94 . 059 —5. 96
—3 . 235 . 0689 341 T, 064 —2. 88
—1.5 . 330 L Q27 4 54 . 049 —1.33
0 . 426 L 0781 5. 46 . 032 +.23
+1L5 . 519 . 0856 6, 06 . 034 » 1.78
3 . 613 . 0965 .6.35 . 036 3.33
4.5 . 706 . 1078 6. 55 . 007 4. 87
6 - . 789 L. 1229 6. 42 . 001 6. 42
7.5 . 87 - . 1364 6. 42 . 024 7.97
9 . 949 . 1554 6. 11 . 014 9. 51
12 1. 105 . 1950 5. 66 CL 017 12. 60
15 1. 220 . 2475 4,93 —. 030 15. 66
18 1. 193 . 8397 3, 51 —. 062 18. 64
21 . 1. 101 4427 ) 2. 49 —. 077 21. 59
; o - HZ o




TESTS OF SPERRY MESSENGER MODEL WITH

SIX SETS OF WINGS

TABLE IX
Sperry Messenger. Span=24 in, (61.0 cm).
U. 8. A, 35-B wings. Chord=4.8 in. (12.2 em).
Av. tank pres.=20.2 atm. Aspect ratio=35.
Av. dynamic pres., ¢=628 kg/m?. Area=0.1377 m?2.
Av. Reynolds Number=3,410,000. Date, April 13, 1926.
Av. temperature=38° C.
Angle of attack, | Lift coefficient Corrected IiD Moment coeffi- | Corrected angls E
degrees @ Cr Cp cient Ca of attack, degrees
£
—9 —0.115 +0. 0512 —2.25 +0. 066 —9.06 !
—6 +.066 . 0444 +1.49 . 043 —5.96 |
—3 . 254 . 0462 5. 50 . 073 —2.86 |
—1.5 . 340 . 0510 6. 66 . 038 —1.32 |
0 . 433 . 0575 7.53 . 026 +.23 .
+1.5 - 536 . 0665 8. 06 . 026 179
3 . 629 . 0765 8. 22 017 3.34 |
45 . 787 . 0892 8. 26 . 045 490 |
6 . 809 . 1034 7. 82 003 644
7.5 . 908 . 1202 7. 55 007 7.99 |
9 -991 . 1379 7.18 —. 007 9.53
12 1.154 . 1785 6. 46 —. 019 12.62
15 1317 . 2285 5.76 —. 037 15.71 }
18 1. 478 . 2889 5.12 —. 067 18.79 !
21 1472 . 3708 3. 97 —. 066 21.79 |
22.5 ST F U I I A R I
I .
TABLE X
Sperry ~ 7 Span=24 in. (61.0 em).
U.S. A Chord=4.8 in. (12.2 em).
Av. tank pres.=1 atm. Aspect ratio=5.
Av. dynamic pres., ¢=28.8 kg/m?. Area=0.1377 m2.
Av. Reynolds Number=175,000. Date, April 16, 1926.
Av. temperature=22° C.
Angle of attack, | Lift coefficient Corrected LD Moment coeffi- | Carecied angle f
degrees o Cr D clent Cx of attack, degrees 0
—9 —0.104 +0. 1093 —0.95 —0. 045 —9. 06 i
—6 +. 068 L0777 +.87 +.001 —5.96
-3 . 229 . 0711 3. 22 +. 017 —2.88 |
—15 . 328 L0727 4. 51 —. 017 —1.32 |
0] . 418 . 0788 ©5.30 | —+. 017 +.23 ¢
+1.5 . 519 . 0846 6.14 —. 036 1.78 |
3 . 600 . 0938 6. 40 —. 019 3.32
45 . B87 . 1041 6. 60 —. 027 4 .87
6 775 . 1186 6. 54 —. 012 6. 42
7.5 . 858 . 1320 6. 50 —. 014 7.96
9 . 935 . 1509 6. 20 —. 007 9.50
12 1. 083 . 1885 5.74 —. 026 12,58
15 1228 . 2337 5. 25 —. 031 15.66
18 1.277 . 2986 4.28 —. 062 18. 69 :
21 1.242 . 3635 3.42 —. 099 21. 67
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TABLE XTI

Sperry Messenger. Span=24 in. (61.0 em).

U. S. A, 27 wings. Chord=4.8 in. (12.2 cm).

Av. tank pres.=20.5 atm. Aspect ratio=35.

 Av. dynamie pres., ¢=649 kg/m?. Area=0.1377 m?,

Av. Reynolds Number—3 530,000, Date, April 16, 1926,

Av. temperature=37° c.

! Angle of attack, E Lift coefficient Corrected Lip Moment coeffl- ; Corrected angle

degrees a , CL D cient Cxn of attack, degrees

. —9 i —0. 141 -}-0 0534 —2. 64 +0.037 —9.08

! —6 +.032 . 0483 - . 017 —5.98

—3 . 206 .,0-165, 4. 43 . 018 —2. 89

: —L5 . 307 . 0501 . 027 —1.33

| 0 | . 395 .. . 0555 7. . 009 +- 21

I +15 . 489 - . 0631 . .75 . 005 1. 76

‘ 3 . 879 . 0719 8. 05 —- 005 3. 31

| 4.5 . 674 . 0832 -8 10 +. 004 4. 86

i 8 Y £+ . 0957 * 7. 89 —. Q17 6. 41

i 7.5 . . 848 1099 7.72 —. 010 7.96 |

i ¢ . . 932 . 1266 7.36 —. 022 9.50
12 ’ 1. 099 . 1655 6. 64 —. 024 12.59 |
15 . 1. 258 . 2121 T 5.93 —. 049 15. 68
18 : 1. 401 . 2682 5.22 —. 064 18. 76
21 | C 1404 . 3509 4. 00 —. 086 21. 76
22.5 | 1. 428 . 3891 3. 67 —. 122 23. 27

Sperry Messenger.
Gottingen 387.
Av. tank pres.=1 atm.

TABLE XII

Av. dynamie pres., ¢=28.5 kg/m?
Av. Reynolds Number=172,000.

Av. temperature=26° C.-

Span=24 in. (61.0 em).
hord=4.8 in. (12.2 cm}.

Aspect ratio=35.

Area=0.1377 m?>.

Date. May 28, 1926.

k Angle of attack, | Liit coeficient “Corracted I;[D Moment coeffi- | Corrected angle
i degrees & Cr Cp - clent Cx of attack, degrees
l -
| —9 —0. 021 +0. 0908 —0. —(. 016 —9. 01
—6 +-164 . 0764 +2.15 +. 005 - —5.91
—3 . 339 .. 0801 S 423 —. 003 —2.82
—1.5 , 434 . 0859 ©5.05 —. 019 —1. 27
0 . 529 . 0946 R . 022 4. 28
+1L5 . 640 . 1062 6. . 057 1. 83
3 . 724 . 1168 B, . 033 3. 39
4.5 . 815 L1309 1 . 046 495
! 6 . 904 . 1436 6. . 037 6. 49
£ 7.5 . 999 . 1641 G, | . 042 8. 04
! g 1. 074 . 1815 5.9 . 035 9. 53
10. 5 1. 142 . 2033 5. . 010 11,12
12 1. 216 . 2240 ~5.43 . 012 12. 66
15 1. 352 . 28227 4. 79 . 005 15.73
18 1. 416 . 3303 4 28 —. 013 18.76
21 : 1. 404 . 4040 3. 47 —. 050 21.76




TESTS OF SPERRY MESSENGER MODEL WITH SIX SEIS OF WINGS

Sperry Messenger.
Gottingen 387 wings.

Av. tank pres.=20.3 atm.
Av. dynamic pres. ¢=624 kg/m?
Av. Reynolds Numher=3,400,000.
Av. temperature=39° C.

TABLE XIII

Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 em).
Aspect ratio=35.
Area=0.1377 m?.

Date, May 10, 1926.

! Angle of attack, | Lift coefficient Corrected /D Moment coeffi- | Corrected angle
| degrees CrL Cp cient Cur of attack, degrees
!
' —9 +0. 041 -+0. 0523 +0.78 +0. 029 —8. 98
—6 . 228 . 0526 4 33 . 019 —5. 88
! -3 . . 404 . 0609 6. 63 . 018 —2.78
—1.5 . 497 . 0685 7.26 . 012 —1.23
. g . 594 . 0778 7.64 —. 002 +.32
' +1.5 . 687 . 0891 7.71 —. 006 187
i 3 LFT2 . 1010 7. 64 —. 017 3. 42
: 45 . 865 . 1176 7.36 —. 023 4. 67
! 6 . 957 . 1837 7. 16 —. 044 6. 52
7.5 1041 . 1521 6. 84 —. 050 8. 06
9 1124 . 1735 6. 47 —. 059 9. 61
' 12 1282 . 2185 5. 87 —. 096 12. 69
} 15 1. 362 . 2856 4.77 —. 182 15.73
: 18 1. 350 . 3593 3.76 —. 227 18. 73
TABLE X1V

Sperry Messenger.

R. A. F. 15 wings.

Av. tank pres.=1 atm.
Av. dynamic pres., g=27.0 kg/m?,
Av. Reynolds Number=160,000.
Av. temperature=53° C.

Span=24 in. (61.0 em).
Chord=4.8 in. (12.2 em).
Aspeet ratio=5.
Area=0.1377 m?.

Date, June 15, 1926.

‘ Angle of attack, | Lift coefficient | Corrected LD Moment oeffi- | Corrected angle

! degrees a Cr Cp efent Cx of aftack, degrees

|

I —9 —0. 281 -+ 0. 1003 —2. 80 —0. 036 —0.15

! —6 —. 110 . 0700 —1.57 ~—. 004 —6. 06

: -3 +. 076 . 0607 +1.25 +. 018 —2.96

—15 . 176 . 0618 2.85 . 004 —L141

: 0 . 273 . 0637 4 28 —. 017 +.15

‘ +15 . 360 . 0691 5.21 —. 026 1. 69

| 3 . 446 . 0788 5. 66 —. 021 3.24

; 45 . 543 . 0867 6. 26 —. 044 479

; 6 . 626 . 0991 6. 32 —. 064 6. 34

! 7.5 . 714 . 1117 8. 39 —. 066 7.88

! 9 . 794 . 1278 8. 21 —. 109 9. 43

i 12 . 945 . 1662 5. 68 —. 116 12. 51

i 15 1. 044 . 2530 4 13 —. 156 15. 56

! 18 L 051 . 3523 2.98 —. 105 18. 57
21 1. 010 . 4643 2,18 —. 145 21. 54

97207T—28—20
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TABLE XV
Sperry Messenger. Span=24 in. (61.0 em).
R. A. F. 15 wings. Chord=4.8 in. (12.2 cm).
Av, tank pres.=20.2 atm. Aspect ratio=5.
Av. dynamic pres., ¢=0600 kg/m?, Area=0.1377 m?,
Av. Reynolds Number=3, 220 000. Date, June 15, 1926.
Av, temperature=47° C.
Angle of attack, | Lift coefficient Corrected LD Moment coefi- | Corrected angle
degrees « Cr Cp cient Cx of attack, degrees
—6 . —0. 078 4+ 0. 0445 —1.75 — 0. 006 —6. 04
—3 +- 096 . 0399 +2. 41 —. 007 —2.95
—15 . 187 L0411 4. 55 —. 013 —1. 40
0 . 286 . 0449 6. 37 —. 008 - +.15
+1.5 . 381 . 0508 7. 50 —. 018 1.71
3 . 470 . 05877 815 —. 024 3.25
4.5 . 572 . 0683 .8 38 —. 024 4, 81
6 . 662 . 0798 8. 29 —. 022 6. 36
7.5 . 751 - . 0925 8. 12 —. 032 7.91
9 . 838 . 1079 A —. 034 9. 45
12 - 1. 007 . 1478 6. 82 —. 058 12, 54
15 1,146 . 2071 5. 53 —. 072 15. 62
18 L 151 . 2573 -4, 47 —. 110 18. 62
21 1. 135 . 3545 3. 20 —. 051 21. 61
TABLE XVI
Sperry Messenger. Span=24 in. (61.0 cm).
lark Y wings. Chord=4.8 in. (12.2 em).
Av. tank pres.=1 atm. Aspect ratio=35.
Av. dynamic pres., g=28.0 kg/m? Area=0,1377 m%
Ay, Reynolds Number——169 000, Date, June 11, 1926.
Ay, temperature=27° C.
Angle of attack, | Lift coefficient Caorrected §7553 Moment coeffi- | Corrected angle
degrees & Cr Cp - elent Cx of attack, degrees
—9 —0. 054 +0. 0710 —0.76 —0. 035 —9. 03
—6 ++105 . 0657 1. 60 —. 009 —5. 04
—3 . 289 . 0682 424 —. 036 —2 84
—L5 . 392 . 0730 5,37 —. 038 —1.29
0 4T . 0815 5. 86 —. 037 +-26
+1.5 . B78 . 0910 6. 35 —. 037 1. 81
3 . 668 . 1029 6. 49 —. 027 3. 36
4.5 . 740 . 1138 6. 50 —. 041 4. 90
6 . 836 1. 1203 6. 46 —. 020 6. 45
7.5 . 916 . 1454 6.30 —. 030 7. 99
9 . 983 . 1641 5. 99 —. 002 9. 53
12 1. 142 . 2070 -5.52 —. 088 12. 62
15- 1. 226 . 2597 4.72 —. 140 15. 66
18 1. 172 . 3530 . 8.32 —. 179 18. 63
21 1. 086 . 4593 2. 36 —. 111 21, 58
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TABLE XVII i
Sperry Messenger. Span=24 in. (61.0 cm).
Clark Y wings. Chord=4.8 in. (12.2 ¢mj).
Av. tank pres.=20 atm. . Aspect ratio=35.
Av. dynamic pres., ¢=623 kg/m?. Area=0.1377 m?,
Av. Reynolds Number=23,350,000. Date, June 11, 1926.
Av, temperature=42° C. ’
% Angle of attack, | Lift coefficient Corrected LD Moment coeffi- | Corrected angle
| degrees « Cr [51 clent Cx of attack, degrees
|
‘ —g —0. 088 +0. 0465 —1.89 —0. 017 —0.05 T
' —6 +. 103 . 0431 2. 39 +. 001 —5. 94 :
' —3 . 280 . 0481 5. 82 —. 001 —2. 85
i —1.5 . 375 . 0528 7.10 —. 002 —1. 30
I 0 Sare - 0608 7. 79 — 012 196 .
+L5 . 566 . Q703 8. 05 —. 017 1.81 .
! 3 . 647 . 0797 8 12 —. 015 3.35
: 45 . 744 . 0937 7. 94 —. 023 4. 90
6 . 835 . 1091 7. 66 —. 026 6. 45 . e
7.5 . 925 . 1259 7.35 —. 035 8. 00 C ’
I 9 1. 009 . 1438 7.02 —. 030 9. 54
12 1,177 . 1884 6. 25 —. 054 12. 63 -
15 1.328 . 2400 5. 54 —. 068 15. 72
18 1. 450 . 2974 4. 87 —. 088 18.78
21 1. 344 . 4030 3.33 —. 144 2L73
TABLE XVIII
SUMMARY OF DATA
. E N 2= |
Alrfoll sec?xon in atmospherss Reynolds Number Cr max. Cp min. g; 1;1?; i Mazx. LiD -
. 1 173, 000 1,194 0. 0702 16.7 6. 61 )
U. 8. A. 5 without Pmpeuef--{ 20.3 | 8,390, 000 1279 | 0476 26. 9 l 8. 28 =
1 177, 00 1.220 . 0689 17. 7 6. 55 -
U.8 A 85 B { 902 | 3,415000 | Lig0 | - 0440 33.8 | 82 :
U.S. A. 2T { 1 175, 000 1. 277 . 0706 18. 1 6. 60
T L ome | emnem | par | o | om0 ok
ps - 72, . . .5 X —
Gottingen 387 .- 1 20.3 | 8,400,000 1.362 | .0515 %.4 | 771 T
R. A F. 15 { 1 160, 000 1. 051 . 0607 173 ; .6.39 ’
Sttt 20. 2 3, 220, 000 1.151 . 0399 28.8 ! 8.38 _
Clark Y { 1- 169, 000 1. 226 . 0657 187 6. 50
“““““““““““““ 20. 2 3, 350, 000 1. 450 . 0431 32. 9 8 12
TABLE XIX T
ORDER OF MERIT OF AIRFOILS B
- Vme Sperry Messenger tests
Order -
of O max. [ Cp min. Max. L}D _
merit _ -
Iatm. 2¢ afm. 1atm. 20 atm.
1 [Clark Yoo _______ U.S. A 85-B.___. U S. A 5______ | R.AF. 15
2 | Gott. 387______.__ Clark Y ____ .. |U.S A 27 ______ T.S. A 5. o
3 |U. S A7 ______ U.S A 27 ___ U.S8. A.35-B.___. T.S. A.35-B L
4 | TU.S.A'85-B.____ R.AF. 15 _____ Clark Y__._______ Clark Y. o
5 |RAF 15 ____ U. S A 5________ Gott. 387____.____ T. 8. A, 27. .
6 | U.S. A 5 _______| Gott. 8387_____ e JRAF 15 ______ Gott. 387. -
From airfoil tests S
Order — — - -l 2
of Cr, max./ Cp min., Max. LiD i
meril - i
1atm. 20 atm. 1 atm. 20 atm. T
1 |RAF 15 U.S. A 35B..___ Clark Yoo R. A. F. 15 T
2 | Clark Y_______.__ ROAF. 15 __ U.S A5 ______ U.S. A5
3 |U.S. A5 . _NClarkY _________ R.AF 150 ___ Clark Y
4 | U.8. A 27 __._.yU.8A2r |08 A2r .| U S A 27
5 | U.S.A 35-B_____ Gott. 887 ____ U.S. A.385-B_____ U. S. A. 35-B.
6 | Gott. 387._______. U.S. A 6________ Gott. 387 _ Gott. 387. —,
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ORDINATES OF SECTIONS

TABLE XX

U.8.A.5

TU.8.4A.35-B

U.8. A 27
Per cent __
chord t : . ;
Upper { Lower Upper Lower Upper ; Lower
!
0 0.73 E 0. 33 2.76 2.76 .77 °  L77
125 S 2.10 | .17 5.15 L. 03 3.80 | .50
2.5 3. 03 ( .03 6. 10 . .61 507 .33
5 4.40 | .03 7. 53 .27 | 6.93 . .17
7.5 5.40 | .25 8. 65 .14 822 .10
10 6.20 .57 9, 47 .07 9.17 . 00
15 7.16 110 10. 57 . 00 10. 50 .10
20 7.92 1. 55 11. 28 .05 11. 33 ; .35
30 8.30 | 2. 02 11.74 .16 11. 90 .95
40 . 814 | 2. 17 11. 37 .28 7 11. 57 § 117
50 7.55 196 10. 29 .41 10.77 . 80
60 B.75 1. 55 8. 86 .41 9.52 | .25
70 5. 63 1. 16 7. 08 .41 800 .10
80 4 24 .76 5.02 .37 6.03 .05
90 2. 52 .55 1 276 1 .21 | 865 | .15
95 1. 50 .35 1.52 ¢ .12 2.00 | .47
100 - .50 .00 L2877 00~ TL67 . 65
: : t
Gott. 387 t Clark Y
Per cent
ehord -
Upper Lower N Tpper Lower
0 3. 61 3. 61 .0, 20 0. 20 3. 50 3. 50
1. 25 6. 74 1. 35 1. 90, —. 45 5.45 1. 93
2.5 7. 98 .81 2.80 —. 73 6. 50 1. 47
5 9. 87 .36 3.90 | —.90 7.90 | .93
7.5 11. 32 .18 4,60 1) —100 8.8 | .63
10 12, 40 .18 505 —1.00 9. 60 .42
15 13. 83 .00 5.58 1| —.80 | 10.69 .15
20 14. 77 . 08 5.76 . —. 50 11, 36 .03
30 15. 36 .22 5, 80 —. 10 1L76 . , .00
40 14. 88 .38 5. 58 . —.05 11,40 .00
50 13. 48 .54 517 —.:28 10. 52 . 00
60 11. 59 .54 4. 68 _ —. 47 9. 15 . 00
70 9. 16 . b4 4. 07 —. 62 7.35 .00
80 6. 58 . 50 3. 28 —. 67 5. 22 . 00
90 3. 61 .27 2. 24 —. 35 2. 80 .00
95 1. 99 .16 1. 63 —. 20 1. 49 .00
100 .37 . 00 .30 . +.30 12 . 00




