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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol
Unit Symbol Unit Symbol

Length_____ l meter: .. Lkl Ll Ll e m foot (ormile) . ________ ft. (or mi.)
Time_______ ¢ gegond L it iy A T WY & sec second (or hour)_______ sec. (or hr.)
Force...__.. F weight of one kilogram____ kg weight of one pound 1b.
Power__.____ 2 llig/ﬁlx/sec .......................... ho_riﬁpower ........... {\IJP.P H

T o gl e ST SRR s Lo i L e s 8 v S R iR He
Speed. .- fooooooo- {m/sec _____________________________ fhseas ot ot e T f. p.s.

2. GENERAL SYMBOLS, ETC.

W, Weight, =mg
g, Standard acceleration or gravity =9.80665

o n/sec.?=32.1740 ft./sec.?

m, Mass,=}—V
g

p, Density (mass per unit volume).

Standard density of dry air, 0.12497 (kg-m™
sec.?) at 15° C and 760 mm =0.002378 (Ib.-
ft.~* sec.?).

Specific weight of ‘‘standard” air, 1.2255
kg/m®=0.07651 1b./ft.?

mk?, Moment of inertia (indicate axis of the
" radius of gyration, k, by proper sub-

script).
S y Area.
Sy, Wing area, ete.
G, Gap.
b, Span.

¢, Chord length.

b/c, Aspect ratio.

f,  Distance from c. g. to elevator hinge.
g,  Coeflicient of viscosity.

3. AERODYNAMICAL SYMBOLS

V, True air speed.

4, Dynamic (or impact) pressure=% Py

L, Lift, absolute coefficient 0,,=q—LS

D, Drag, absolute coefficient CD=£

O, Cross -wind force, absolute coefficient
. o y:
0 q S
R, Resultant force. ' (Note that these coeffi-
cients are twice as large as the old co-
efficients L¢, Dg.) ,
i, Angle of setting of wings (relative to thrust
line).
4, Angle of stabilizer setting with reference to
to thrust line.

¥,  Dihedral angle.

V1 Reynolds Number, where I is a linear

P7." dimension.

e. g., for a model airfoil 3 in. chord, 100"
mi,/hr. normal pressure, 0° C: 255,000
and at 15° C., 230,000;

or for a model of 10 ¢cm chord 40 m/sec,
corresponding numbers are 299,000
and 270,000.

Cp, Center of pressure coefficient (ratio of
distance of C. P. from leading edge to
chord length).

B, Angle of stabilizer setting with reference
to lower wing, = (i; — %y).

a, Angle of attack.

¢, Angle of downwash.
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AIR FORCE TESTS OF SPERRY MESSENGER MODEL WITH SIX SETS
OF WINGS

By James M. Shoemaker

SUMMARY

The purpose of this test was 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 Messenger model,
at full scale Reynolds Number as obtained in the variable density wind tunnel of the National Advi-
sory Commuittee 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
wncreasing the Reynolds Number from about one-twentieth scale to full scale. Maximum lift coeffi-
cient was increased with increasing scale for all the airfoils except the Gittingen 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 Gottingen 387, fitted to the Sperry Messenger 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
already 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 flight path recorder nsed 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 +114°. 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 a 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

3
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Fi1G. 1.—Model of Sperry Messenger airplane
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Sperry
Messenger
by il apdet airplane
' Yo scale model

? !

FiG. 2 —Plan, elevations, and dimensions of the Sperry Messenger model
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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 streamline 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 XVII. The

F1G. 3.—The model in the variable density 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 Op and Oy plotted azainst €y, 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




6 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
A o = R e
__________ A7 Ve urve = -
Pl L R é i /mo?'o i With propeller Without prop.
16 by /[ 1.6}-Av. dynamic press. 27.4 kg/m? 28.4kg/m2 |
i LR S Av. Reynolds No. 166,000 173,000
20.35
14 l 14
18°
Cl?'g,— 95‘5/9 i e 12 o
12 e == Pt : o e P
e £ »”'«‘,g}_’/'/'”' 5° ’,’ f}a_/"‘"’ /5°
10 L/ A il 1.0 / 1
44 PP /
l, i V4 : A
bl /A, H i
38, /'V’ o, .8 Q/. ,’éo
Q. ,' Ix/e ‘g/ /7] C: 7i ,"
1//% Fr i 5e 6 Jrse
el . ]
.6 4 ';/; e : Y5
s I
WL/ 4 : i1
% i it
“!1'[!;—/45 4-/.5°
1
= ‘W,WL' }\1,.30 2 \."30
NN | “\|-6°
2% nx=€ =5 1
a : L N N 0 ;i .
/ ‘\..\ L ',’ M, \_:35
~Z = ) o
0 .04 .08 2 AB 20 Ed T 28 o .04 .08 i # g8 .20 2428
C;
+/ o =/ =P 4 =3 +/ 0 f e X =9
CM CM
F1G. 4.—Polar curves of S. M. model with U. S. A. 5 wings and F16. 5.—Polar curves of S. M. model with U. S. A. 5 wings at one
propeller atmosphere
Curv!- I Y 2 Culrve L2 TR
| With propeller Without prop. Tank press. / Atmos. 20 Afmos.
1.6 Av. dynamic press. 607 kg/m? 624 kg/m2 | 1.61-0ynamic press| 28.7 kg/m2__1 628 kg/m2|
Av. Reynolds No. 3,210,000 3,390,000 Reyno/dsl No. /77,000 3410000
8
2/°
/4 14
/18° v
G /5° G °
P0 i o b M 2 /5
2 Zain O ERPE P i PG Sl
[ / / / ‘\ /"
J ) / o0
72° | 2l e
10 - L0 4 —
5 1 Alo°
A7 o 759
.8 = .8 1 5
6 - b | /
(53 /i C. ie J4.5°
- T s ohleb A A3
. i d’ B . /
8 ¢ 1 / 1.5°
L e By 60 45
2 955 : | 7
{{] y fi5°
e i f-3°
2 /? RE i [ ( :'
! “‘ 'l 1
| \ Ie *« 5°
Ny ! \
(o] -6° 0 ’l, LY 15
y U
= 20 2G45 108 A2 BT 20NN 242 s e 20 .04 .08 HETLLBER200 T 248NE 28
C’p CD
+/ o =2/ =2 =3 +./ o =1 =2 =3
CM CM'

F16. 6.—Polar curves of S. M. model with U. S. A.5 wings at 20

atmospheres

F16.7.—Polar curves of S, M. model with U. S. A, 35B wings and

no propeller




TESTS OF SPERRY MESSENGER MODEL WITH SIX SETS OF WINGS 7

Curve el
Tank press. / Atmos. 20 Atmos.

1.6\-0ynomic press.—28.8 kg/m?—{ 649 kg /m 2_‘

Reynrolds No. 175,000 3,530,000
Lo
1.4 i
18°
// o |Crr //
N Tl
/2 ! 2/ ,/;/ Sl
1 ”
‘: / 'x,
22
L0 s
F ,“5°

%3 d

0y

"‘—:-:-r——;—v

e \
. S0

NN

R

. 0

o

Ny A c
e R
=
yim
W e~

29

’f
o
2

7

/
/

|
! \ e

-
ORI OSREO8 e = e = ARy
Ch
+/ 0 =/ -2 -3

Cyr

F16. 8. —Polar curves of S. M. model with U. S. A. 27 wings and
no propeller

| 5]
Curve l [ I
Tork press. | 74#mos. 20 A#mos.
1.6\-0yrarmic press. —27.0 kg/m?2_1 600 kg/m2_|
Reynolds No. /60,000 3,220,000
/4
/2 -
L= 18°
° = |_o—1 oL
2T, ot fy
18°e=-1p L1 ] e
1.0 =2/ el o
o/ r’
J y AT
8 e 5,
o/
C;, / J75e
/ /
. i o
; f / Y450
4 / ke
; J1.5°
fo-
-2 ~/.5°
{f ko
o ‘\\ Y
\) \s
b
~E5 04 08 - B L6 B0 B4 .25
Cp
Gt o =) =2 =3
Cir

and no propeller

FI1G. 10.—Polar curves of S. M. model with R. A. F. 15 wings

Curve ‘ r l I I I
JTonk press. / Atmos. 20 A#mos.
.6\ Oyromic press.—28.5 kg,/m 2_Ll 624 kg/m2—
Reynolds No. 172,000 3400000
18° | Cor
/.4 47;: 2r° =T 3
f L1 15°| 18° =it
.,‘ / | A2t
/2 : =
e .
4 2 10.5)°
7 A ///'5**
( Fa
"o | // el il i
l" / ”5°
o
-6 145
G \. J / /3a
6 o\ A5
} /f
/
o) ke
-4 ll
) -3°
\
\ f
\ |
e A e
\
‘\l L \\
0 ‘i ‘5
-3
“e5 B4 0B 1B 6 .20 o4 28
b (53
+./ o =l =2 -5

Cyr
F1c. 9.—Polar curves of S. M. model with Gottingen 387 wings
and no propeller

2 O O B

7Tank press. / Atmos. 20 Atmos.
.6\ 0ynomic press.—28.0 kg/m ZJ_ 623 kg/m2_|

Reyriolds No. /68,000 3350000
/] A
/4
i ar L
/ Cir e P
» / P
e P4 » / e L~

22 LAl i

1.0

e
o
(‘é\;:\\
RN
\“\
bt B =
e

Cz, f“
H /
6 0 Fi5e
| ./
i for
l /
4 ¥ 75
(1Y |
bl d-3°
1 1
! 1
1
]
i
$-62

o N
e

o=
-

i 55

Qe

3

G e T R T M S L
+./ 7 oy

F1G. 11.—Polar curves of S. M. model with Clark Y wings and
no propeller




8 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
[ | ;
;,.‘*J—I——I——'——'— '/. Afmolsphern | |Curve I_I__l_._]_ I _u.l_l_‘
S L : With prope/ésg Without prop
16 Gl = 1.6 HAv. dynamic press. 274 kg/i 28.4kg/m2| _
—_—/0.07 Av. Reynolds No. 166,000 /73,000
_—20.35 ol
1.4 1.4
L 23 .;;_;FES ¥
= /2 2 P i =B - —]
D D C}‘//s;‘ '~
106 ra L T A 5
y - //
L ya A 7
8 .8 e HA4 8 8 A
| %= A= s ¢ B
CL 01 "&\_\\‘ 17 " - )4 /
A Y, i 2| AT
6 .6 ¥ A SR 7 -3 Y o A B / 9
3 /L DA c A 0 W
Lt < D < 5
Iy /17 # A 7 ] Co
e P : , K
4 -4 A7 -7 2 4 4 (A 8 R pol
‘J‘ ¥ Lz N Z/ = N o :
i e /3% ; 474 0 o TN
- i N 7 W il
2 2! N 5] Efou g & 2 73 PS5~ a1
g o T P (5
Cp Y
oY g 9. .0 oFr— 0
,{"4 V’ 7
=2 '12_8, = e Z° g° VEG 16° 20° - = 2_8., —4° 0° 4° ° /o° /6° 20°
Angle of attack, o  Angle of attack,a :
F16.12.—Characteristic curves of S. M. moda]l with U.S. A.5 wingsand propeller Fi1G. 13.—Characteristic curves of S. M. model with U, S. A. 5 wings at one
atmosphere
[
e . 5 O P O s T WA e
With propeller Without prop. Tank pressure /Atmosphere 20 Atmospheres
16|44V dynamic press | 607 kg/m? | 624 kg/me_L 1.6}-0ynamic press. 28.7 kg/m? 628 kg/m2_| |
Av ' Reyrolds No 3,210,000 3,330,000 Reynolds No. 177,000 3,410,000
=
/4 1.4 ® b1 \
- ) G A\tq z P (53 e
ik Bl %
1050 ; 0 1.0 e =)
L i L ,/4:
/14)»—-0\ - —o—1_ ’,' i
8 S a - .8 1.4
80 o 1;’\\5} b c i Sl s /
L i s 7 & e /
e P LA TN A
6 6 i - & e / Y W R A
c{ / e CD va / e ~., Cp-
4 4 / / 4 4 4 & A/ /’/?< N \ 2
v 4 ' Bl 74 g < 3
/;’ // ,// o / » / e = Rl !
r A ",/"/ ! /,’ & "4:/"’ 9 /i
2ae A = ‘ & e 7 S +
. \/_f peolicgions | 3 ;‘/{-'-"
CD CD
0 0 i o o /7 o
7 ]
oD 7oA
"8° -4° 0° 4° 8° /2° /6° 20« _aw —4° 0° 4» Bo /25 /6° 200

Angle of attack, ot

F16. 14.—Characteristic curves of S. M. model with U. S. A. 5 wings at 20

atmospheres

Angle of affack, ot

F1G, 15,—Characteristic curves of S. M. model with U. S. A, 35B wings and no
propeller




TESTS OF SPERRY MESSENGER MODEL WITH SIX SETS OF WINGS

I
2, i
v Tank pressure /| Atmosphere 20 Afmospheres
| Dyrnamic press. 28.8 kg/m? 649 kg/m2__| |
Reynolds No. 175,000 3530000
1.4
C
e Co R
D 7
0 10 i@ 5
o yd
GG 2 Vi 4
a Afilae
/ A SN . e i
Bl6 7 o T -3
i L2 ha \’sf( G
,II / 5 » >(\
Al Ay 7 B
§ o1 /./ ’/ Ey
o L
2 s ,/// SECpe e /
e, //7-/ —o—to——9"""| o
7 o
o o /' 0
=22
=8° -4° 0° 4° e /2° /6° 20

Angle of attack, e

F1G. 16.—Characteristic curves of S. M. model with U, S. A.
propeller

27 wings and no

[
_Cu/“lve l ‘ | ‘ —l___l__|.._ [ I#__l_
> Tank pressure ! Atmosphere 20 Almospheres
L6\-0ynamic press.  27.0 kg/m? 600 kg/m?2 _| |
Reynolds No /60,000, 3220000
1.4
L
=il i
a (3 L
H (s [
(O 6 ~ 5
E) L | 1 // 4 A
8 .8 17 ; it
(53 7 7 \\ 7
[PV Sah = S /
1S 7 ~ % 3
/ i i % el % // C
D
i /f < e
4 1A
4 4 7 / 7 N 2
7 ,‘,/f’/ 2 e
e A it
"6 i )
0 o 4' g
» %
) i iy i DR L3 TR : R
Angle of alfack, et
Fi1G, 18.—Characteristic curves of S. M. model with R, A, F, 15 wings and no
propeller
47125—27—2

/S_Curlve l —I__l__i_. ! |——]——]—-—|— I__
‘91 Tank pressure !Atmosphere 20 Atmospheres |<
| Dynamic press. 285 kg/m? | 624 kg/m2 ||
Reynolds No. /72,000 3,400,000___
14 C tﬁ"‘
S e //
D X ’/
’/
0 10 /r{ -5
8 .8 L v 4
C . }D/,,—o-?%\\ 1. Z g
L ﬂ L, \\b\ /4
s ke ST 4 .3
S 7 SRy /
£ EE = Cp,
LA LA ik e s W 1 8
o5 7 2 3
/ A );,;V h 3
208 // gleste /
A6
gk () 0
s2 = -~
-8° —4° 0° 4° 8° 2° /6° 20
Angle of atfacka
F1G. 17.—Characteristic curves of S. M.. model with Gottingen 387 wings and no
propeller
|
Yiied | 0 P P T
["Tank pressure / Atmosphere 20 Atmospheres |
/6 \-0ynamic press 28.0 kg/m? 623 kg/m2__| |
Reynolds No. 169,000 3,350,000
14
i d
‘E Thie / s
D 2 A \4\\
0 10 A 5
’ /
&5 L )/ A 4
D f 7 //’
G 7d b v
&% e Foded T - .3
/117 e
/ /( ’//(\ B CD
4 4 ,‘d /( = ’// 3 2
/ Al ] A
/l ,7 ',);;/ b 8
2 2 /‘ z _’VP("O/J /
h—--/léq A ::_“/o‘
(5]
0 (0] 7 0
ol e o DA T e S
Angle of attack,
Fi1G. 19.—Characteristic curves of S. M, model with Clark Y wings and no

propeller



10 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

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 lift coefficient, drag coefficient, and lift-drag ratio are plotted against
the angles of attack measured in the tunnel. As explained above the corresponding angles for
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.

5 R 0
Gothingen 367—~/1 | /
60 A
/
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: WA
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Xy }
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b 74V
5 USA. 27 ¥ R.A.F. 15
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Miles per hHour

FiG. 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. S. 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 Gottingen 387 shows very large power consumption and comparatively high landing
speed, and is evidently the poorest airfoil of the group.

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. The values
of maximum L/D and the ratio of maximum C;, to minimum C, 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,
NarioNAL Apvisory COMMITTEE FOR AERONAUTICS,
Lancrey Fiewp, Va., January 20, 1927.
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233, 1926.

TABLE I
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A. 5 wings without propeller. Chord=4.8 in. (12.2 c¢m).
Av. tank pres.=1 atm. Aspect ratio=5.
Av. dynamic pres., ¢=28.4 kg/m?2. Area=0.1377 m?.
Av. Reynolds Number=173,000. Date, October 1, 1925.
Av. temperature=24° C.
Angle of attack, | Lift coefficient Corrected ‘ /D Moment coeffi- | Corrected angle
degrees « CL Cp ‘ cient Cx of attack, degrees
—9 —0. 201 +0. 1245 ‘ —1. 61 +0. 094 —9. 11 [
—6 . 000 . 0913 | 0 . 043 —6-:00-5]
=i +. 184 . 0746 | +2. 47 . 018 —2.90 ‘
=1.5 . 2106 ., 0702 | 3. 92 . 011 —1.335 |
0 <3741 . 0735 5. 05 —. 004 o 208
+155 . 463 . 0790 5. 86 +. 014 1550
3 . 546 | . 0885 6. 17 . 005 3.29 |
4.5 . 648 | . 0999 6. 49 . 000 | 4. 85
6 . 734 | » 1110 6. 61 —. 022 | 6. 40 ‘
9 . 906 . 1455 6. 23 —. 030 9.49 |
12 1. 046 . 1861 5. 62 —. 060 12,756
15 15183 . 2476 4. 58 —. 113 15 .61 |
18 1. 194 . 3503 3. 41 —.:109 18. 64 |
21 1. 160 . 4568 2. 54 —. 190 21. 63 ‘
TABLE II
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A. 5 wings without propeller. Chord=4.8 in. (12.2 cm).
Av. tank pres.=20.3 atm. Aspect ratio=>5.
Av. dynamic pres., ¢=624 kg/m?. Area=0.1377 m?2.
Av. Reynolds Number=3,390,000. Date, October 1, 1925.
Av. temperature=39° C.
Angle of attack, | Lift coefficient 1 Corrected /D Moment coeffi- | Corrected angle
degrees a CL Cp cient Cy of attack, degrees
—6 +0. 007 J +0. 0662 +0.11 +0. 014 —6
—3 . 184 . 0480 3. 83 . 000 —2. 90
—i%b . 280 . 0476 5. 88 —. 001 —1.35
0 . 379 . 0518 7. 32 —. 008 + .20
+15 . 475 | . 0592 8. 02 —. 016 1. 76
3 . 563 | . 0680 8. 28 —. 026 3. 30
4.5 . 659 . 0796 8. 28 —. 036 4. 86
6 . 752 | . 0941 7. 99 —. 049 6. 41
9 . 936 . 1260 7.43 —. 071 9. 50
12 1.100 | . 1689 6. 52 —. 089 12. 59
15 1287 | . 2261 5. 46 —. 145 15. 67
18 1L2Rg | . 3076 4. 16 —. 214 18. 69
21 152201 . 4093 2. 98 —. 244 21. 66 |
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Sperry Messenger.
U. S. A. 5 wings with propeller.
Av. tank pres.=1 atm.
Av. dynamic pres. ¢=27.4 kg/m?.
Av. Reynolds Number=166,000.
Av. temperature=26° C.

TABLE III

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

Date, October 5, 1925.

Angle of attack, | Lift coefficient Corrected /D Moment coeffi- | Corrected angle |
degrees a CL D cient Cy of attack, degrees
—9 —0. 184 +0. 1327 —1.39 +0. 050 —9: 10
=6 +. 043 . 0962 +. 14 +. 007 —5.99
—3 . 189 . 0804 2. 35 —. 004 —2. 90
| =15 . 282 . 0789 3. 67 —. 002 —1.35
0 . 375 . 0827 4. 53 —. 013 +. 20
SO . 472 . 0886 5. 33 —. 011 1. (b
3 . 851 . 0960 5. 74 —. 013 3. 30
[ 4.5 . 652 . 1072 6. 08 —. 013 4. 85
‘ 6 L ST ol 6. 16 —. 049 6. 40
; 9 911 . 1502 6. 07 —. 049 9. 49
‘ 12 1. 061 . 1955 5. 43 —. 064 12. 57
15 1. 150 . 2577 4. 46 —.109 15. 62
18 1. 193 . 3511 3. 40 —. 135 18. 64
‘ 21 1. 161 . 4536 2. 56 —. 177 21. 63
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=>5.
Av. dynamic pres. ¢=69.9 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 /D Moment coeffi- | Corrected angle
degrees a CL Cp cient Cu of attack, degrees
—9 —0.171 +0. 1227 —1.39 +0. 041 —9. 09
—6 +. 014 . 0916 4. 15 +. 005 —5.99
—3 . 189 . 0737 2. 56 —. 010 —2. 90
=185 . 283 . 0709 3. 99 —. 023 —d536
0 . 380 . 0748 5. 08 —. 029 +.20
+1.5 . 467 . 0804 5. 80 — 022 1575
3 . 560 . 0884 6. 32 —.029 | 3. 30
4.5 . 664 . 1025 6. 48 —. 046 | 4. 86
6 . 753 . 1127 6. 68 —. 045 | 6. 41
9 . 929 . 1461 6. 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 —7195 18. 66
21 1. 201 . 4433 2.7 —. 206 21. 65
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TABLE V
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A, 5 wings, with propeller. Chord=4.8 in. (12.2 em).
Av. tank pres.=5.11 atm. Aspect ratio=>5.
Av. dynamic pres. ¢=148.2 kg/m?. Area=0.1377 m?.
Av. Reynolds Number=867,000. Date, October 6, 1925.
Av. temperature=29° C.
w ‘
| Angle of attack, | Lift coefficient Corrected | /D \ Moment coeffi- Corrected angle |
degrees CL Cp | cient Cx of attack, degrees |
| |
|
=0 —0. 174 SUTOET LR IR +0. 030 —9.09 (
—6 +. 007 . 0806 +. 09 —. 001 —6. 00
—3 <187 . 0632 2. 96 —. 015 —2.90
—15 . 287 . 0620 4. 63 | —. 023 —1.35 ’
‘ 0 . 379 . 0654 5. 80 —. 016 4. 20
1 +1.5 . 473 . 0723 6. 54 —. 012 1. 76 l
‘ 3 . 558 . 0803 6. 95 —. 014 3.30 |
; 4.5 . 660 . 0929 7. 10 —. 012 4.86 |
1 6 S . 1064 7. 06 —21035 6. 40
( 9 . 933 . 1385 6. 74 —. 048 9. 50
12 1. 098 . 1830 6. 00 —=. 076 12.59 |
15 1. 210 . 2406 5. 03 —. 132 15.65 |
18 1. 232 . 3352 3. 67 —. 191 18. 66 |
21 1. 221 | . 4471 2.73 —.'235 21. 66 ‘
4, il e e oe e
TABLE VI

Sperry Messenger.
U. S. A. 5 wings with propeller.
Av. tank pres.=10.07 atm.
\v dynamic pres. ¢=296 kg/m?.

. Reynolds \Iumbor—l 670,000.
\v temperature = 36°

|
A nﬁizroefez;t?ck Lift coemcxent C orrected D
‘ —6 +0. 007 ‘ +0. 0737 +0.
01 182 | . 0569 3
‘ =15 .281 | - 0550 5.
0 . 376 . 0586 6.
\ 418 . 479 . 0658 7
j 3 . 564 . 0742 I
; 4.5 . 664 . 0865 7
6 . 762 . 1016 A
9 . 940 . 1335 7.
12 1. 115 A2 6.
15 18213 il 5.
18 1. 243 . 3242 3.
21 1. 228 . 4351 o

|

Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 ecm).
Aspect ratio=35.
Area=0.1377 m?2.

Date, October 6, 1925.

i
Moment coeffi-
cient Cy

Corrected angle
of attack, degrees

—0. 005 —6
| —.021 —. 290
| —.020 —1.35
| —.034 +.20
—. 030 1.76
| —.028 3. 30
|  —.055 4. 86
—. 070 6. 41
—. 069 9. 51
—. 113 12. 60
—. 162 15. 65
| —. 207 18. 67
—. 263 21. 66
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TABLE VII
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.=20.35 atm. Aspect ratio=>5.
Av. dynamic pres. ¢=607 kg/m?. Area=0.1377 m?.
Av. Reynolds Number=3,210,000. Date, October 6, 1925.
Av. temperature=49° C.
| |
| Angle of attack, | Lift coefficient Corrected [ L/D ’ Moment coeffi- | Corrected angle
degrees a CrL Cp [ ‘ cient Cy of attack, degrees
[ | \
—6 —0. 002 +0. 0709 —0.03 | —0./600 | —6
—3 -+. 180 . 0524 +3.43 | ~. 011 —2. 90
—1.5 . 276 . 0523 5.28 | —.010 —1. 35
0 . 372 . 0562 6. 62 | —. 023 +. 20
+1. 5 . 465 . 0633 7. 34 —. 028 1575
3 . 556 . 0719 .48 | —. 029 3. 30
4.5 . 656 . 0839 7.82 | —. 042 4. 85
6 . 751 . 0971 74| — 0561 6. 40
9 . 929 . 1295 7.0 —. 066 9. 50
‘ 12 1. 106 . 1706 6. 48 | —. 087 12. 60
\ 15 1. 237 . 2247 5. 50 = V28 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. S. A. 35-B wings. Chord=4.8 in. (12.2 cm).
Av. tank pres.=1 atm. Aspect ratio=>5.
Av. dynamic pres. ¢=28.7 kg/m?. Area=0.1377 m?2.
Av. Reynolds Number=177,000. Date, April 13, 1926.
Av. temperature=20° C.
| T |
| Angle of attack, | Lift coefficient Corrected /D Moment coeffi- | Corrected angle |
| | degrees « CL Cp cient Cx of attack, degrees‘
—9 —0. 119 +0. 0869 —1. 37 +0. 095 —9. 06
| —6 +. 066 . 0699 4. 94 . 059 —5. 96
—3 . 235 . 0689 3.41 | .064 [° —2.88
—1.5 . 330 SR 27 4. 54 | . 049 = 1083
(U] . 426 . 0781 | 5. 46 . 032 +. 23
4+1.5 /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 | . 1229 6. 42 . 001 6. 42
7.5 . 876 . 1364 | 6. 42 . 024 7. 97
9 . 949 | . 1554 6. 1l | . 014 9. 51
12 1. 105 | . 1950 5.66 | RO 12. 60
15 1.220 | . 2475 | 4. 93. | —. 030 | 15. 66
18 1. 193 . 3397 | 3. 51 —. 062 | 18. 64
21 1. 101 . 4427 | 2. 49 —. 077 ! 21. 59 \
‘ I
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TABLE IX
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A. 35-B wings. Chord=4.8 in. (12.2 cm).
Av. tank pres.=20.2 atm. Aspect ratio=>5.
Av. dynamic pres., ¢=628 kg/m.? Area=0.1377 m.?
Av. Reynolds Number=3,410,000. Date, April 13, 1926.
Av. temperature=38° C.
\
Angle of attack, { Lift coefficient Corrected /D ' Moment coeffi- | Corrected angle
degrees « [ CL Cp ‘ cient Cu of attack, degrees
? |
—9 [ =0 +0. 0512 —2.25 | +0. 066 —9. 06 1
—6 [ -+. 066 . 0444 +1.49 | . 043 —5.96 |
—3 \ . 254 . 0462 5.50 | . 073 —2.86 |
== 150 . 340 . 0510 6. 66 . 038 —1. 32
0 “ . 433 . 0575 753 | . 026 +. 23
+1.5 . 536 . 0665 8. 06 . 026 1.79
3 . 629 . 0765 R 200 5017 3. 34
4.5 (37 . 0892 8.26 | . 045 4. 90
6 . 809 . 1034 7.82 | . 003 6. 44
758 . 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 1. 317 . 2285 5. 76 —. 037 15,71
18 1. 478 . 2889 50120 =067 18. 79
21 1. 472 . 3708 3.197 | —. 066 21.79
22. 5 g ol CHSREaes R RAE N frei L h e I e i
TABLE X
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A. 27 wings. Chord=4.8 in. (12.2'cm).
Av. tank pres.=1 atm. Aspect ratio=5.
Av. dynamic pres., ¢=28.8 kg/m.? Area=0.1377 m.?
Av. Reynolds Number=175,000. Date, April 16, 1926.
Av. temperature=22° C.
Angle of attack, | Lift coefficient Corrected /D Moment coeffi- | Corrected angle
degrees a CL Cp, cient Cu of attack, degrees
—9 —0. 104 +0. 1093 —0.95 —0. 045 —9. 06
—6 +. 068 L0777 87 +. 001 —5. 96
—3 . 229 20711 3. 22 +. 017 —2. 88
—1.5 . 328 . 0727 4. 51 —. 017 —1. 32
0 . 418 . 0788 5. 30 +.017 4. 23
+1.5 . 519 . 0846 6. 14 —. 036 1008
3 . 600 . 0938 6. 40 —. 019 3. 32
4.5 . 687 . 1041 6. 60 —. 027 4. 87
6 S ) . 1186 6. 54 —. 012 6. 42 |
7.5 . 858 . 1320 6. 50 —. 014 7967
9 . 935 . 1509 6. 20 —. 007 9.50 |
12 1. 083 . 1885 5. 74 —. 026 12. 58
15 1. 228 . 2337 5. 25 —. 031 15. 66
18 1207 . 2986 4. 28 —. 062 18. 69
21 1. 242 . 3635 3. 42 —. 099 21. 67
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TABLE XI
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A. 27 wings. Chord=4.8 in. (12.2'cm).
Av. tank pres.=20.5 atm. Aspect ratio=35.
Av. dynamic pres., ¢=649 kg/m?. Area=0.1377 m?2.
Av. Reynolds Number=3,530,000. Date, April 16, 1926.
Av. temperature=37° C.
|
Angle of attack, ’ Lift coefficient Corrected /D Moment coeffi- | Corrected angle
degrees a T D cient Cy of attack, degrees
-9 —0. 141 +0. 0534 —2. 64 +0. 037 —9. 08
=6 +. 032 . 0463 +. 69 Q17 —5. 98
‘ —3 . 206 | . 0465 4. 43 . 018 —2. 89
—15 . 307 ‘ . 0501 6. 13 . 027 —1. 33
i 0 . 395 | . 0555 7. 12 . 009 +.21
+1.5 .489 | . 0631 2. 75 . 005 15476
3 .579 | . 0719 8. 05 —. 005 3. 31
| 4.5 . 674 . 0832 8 10 +. 004 4. 86
| 6 . 755 | . 0957 7. 89 —. 017 6. 41
| 7.5 . 849 . 1099 7.72 — 010 7. 96
9 .932 | . 1266 7. 36 —. 022 9. 50
12 1. 099 | . 1655 6. 64 —. 024 12. 59
15 1. 258 | . 2121 5. 93 —. 049 15. 68
18 1. 401 . 2682 5. 22 —. 064 18. 76
21 1. 404 ‘ . 3509 4. 00 —. 086 21. 76
22. 5 1. 428 \ . 3891 3. 67 —. 122 23. 27
TABLE XII
Sperry Messenger. Span=24 in. (61.0 cm).
Gottingen 387. Chord=4.8 in. (12.2 em).
Av. tank pres.=1 atm. . Aspect ratio=5.
Av. dynamic pres., ¢=28.5 kg/m?. Area=0.1377 m?.
Av. Reynolds Number=172,000. Date, May 28, 1926.
Av. temperature=26° C.
Angle of attack, | Lift coefficient Cortrected L/D Moment coeffi- | Corrected angle
degrees a Cr Cp cient Cy of attack, degrees
—9 —0. 021 -+ 0. 0908 —0. 23 i —0. 016 —9. 01
—6 +. 164 . 0764 +2 15 | -+. 005 —5. 91
— . 339 . 0801 4. 23 —. 003 —2. 82
—1.5 . 434 . 0859 505 | —. 019 —1. 27
0 . 529 . 0946 5. 59 . 022 +. 28
+1.5 . 640 . 1062 6. 03 . 057 1. 83
3 . 724 . 1168 6. 20 . 033 3. 39
4.5 . 815 . 1309 6. 22 . 046 4. 95
6 . 904 . 1436 6. 29 . 037 6. 49
7.5 . 999 . 1641 6. 08 . 042 8. 04
9 1. 074 . 1815 5. 92 . 035 9. 58
10. 5 1. 142 . 2033 5. 62 . 010 B2
12 1. 216 . 2240 5. 43 . 012 12. 66
15 1. 352 . 2822 4. 79 . 005 15. 73
18 1. 416 . 3303 4. 28 —. 013 18. 76
21 1. 404 . 4040 3. 47 —. 050 21. 76
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TABLE XIII

Sperry Messenger.

Gottingen 387 wings.

Av. tank pres.=20.3 atm.

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

Angle of attack, Corrected ‘

17
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Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 ¢m).
Aspect ratio=>5.
Area=10.1377 m?.

Date, May 10, 1926.

Moment coeffi- | Corrected angle
cient Cy of attack, degrees
+0. 029 —8.98

. 019 —5. 88

. 018 =275

. 012 —1. 23
—. 002 +. 32
—. 006 1. 87
et (Wi 7 3. 42
—. 023 4. 97
—. 044 6. 52
—. 090 8. 06
—. 059 9. 61
—2 096 12. 69
—. 182 15. 73
—. 227 18,78

Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 em).
Aspect ratio=>5.
Area=0.1377 m2,

Date, June 15, 1926.

Lift coefficient
| degrees o« y CL Cp i L/D ‘
| \
—9 +0. 041 +0. 0523 | +0. 78
—8 . 228 . 0526 | 4. 33
—3 . 404 . 0609 6. 63
=175 . 497 . 0685 7. 26
0 . 594 . 0778 7. 64
1.5 . 687 . 0891 o
3 T2 . 1010 7. 64
4.5 . 865 “1iq6 7.36
6 . 957 1337 | 7. 16
7.5 1. 041 . 1521 6. 84
9 1. 124 . 1735 6. 47
19 1..282 . 2185 5. 87
15 1. 362 . 2856 4T
18 1. 350 . 3593 3.76
|
TABLE XIV
Sperry Messenger.
R. A. F. 15 wings.
Av. tank pres.=1 atm.
Av. dynamic pres., ¢=27.0 kg/m?2.
Av. Reynolds Number=160,000.
Av. temperature=>53° C.
\ Angle of attack, ! Lift coefficient Corrected /D
‘ degrees a i CL Cp | &
T § ' |
| =9 —0. 281 +0.1003 | —2. 80
—6 =0 . 0700 | —1.57
=3 +. 076 . 0607 1595
=15 . 176 . 0618 | 2. 85
1 0 . 273 . 0637 | 4. 28
+1.5 . 360 . 0691 | 5. 21
\ 3 . 446 . 0788 | 5. 66
4.5 . 543 . 0867 6. 26
6 . 626 . 0991 6. 32
‘ 7.5 . 714 5 bkl 6. 39
‘ 9 . 794 . 1278 6. 21
‘ 12 . 945 . 1662 5. 68
15 1. 044 . 2530 | 4.13
‘ 18 1. 051 . 3523 2. 98
\ 21 1. 010 . 4643 218
| |

Moment coeffi- ‘ Corrected angle
cient Cy ‘ofanack, degrees
|- L

—0. 036 —9.15
—. 004 —6. 06
+. 018 —2. 96
. 004 | —1. 41
—~. 017 | +.15
—. 1026 1. 69
—.021 | 3. 24
—. 044 4. 79
—. 064 6. 34
—. 066 7. 88
—. 109 9. 43
— 16 12. 51
—. 156 15. 56
—. 105 18..67
—. 145 21. 54
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TABLE XV
Sperry Messenger. Span=24 in. (61.0 cm).
R. A. F. 15 wings. Chord=4.8 in. (12.2 cm).
Av. tank pres.=20.2 atm. Aspect ratio=5.
Av. dynamic pres., ¢=600 kg/m?2. Area=0.1377 m?2.
Av. Reynolds Number=3,220,000. Date, June 15, 1926.
Av. temperature=47° C.
‘ Angle of attack, “ Lift coefficient | Corrected L/D Moment coeffi- | Corrected angle
‘ degrees a ‘ CL | Cp 3 cient Cy of attack, degrees
‘ —6 —0. 078 +0. 0445 —1.75 —0. 006 | —6. 04
—3 +. 096 . 0399 +2. 41 —.. 007 —2. 95
—1.5 | . 187 . 0411 4. 55 —. 013 —1. 40
g i .286 | .0449 6. 37 —. 008 +.15
\ Pl | .381 | . 0508 7. 50 —. 018 11
3 ; .470 | . 0577 8. 15 —. 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 [ i —. 034 9. 45
‘ 12 1. 007 . 1478 6. 82 —. 058 12. 54
15 1. 146 . 2071 5. 53 —. 072 15. 62
18 1. 151 . 2573 4. 47 —. 110 18. 62
21 1. 135 . 3545 3. 20 —u3001 21. 61
1L b ! S 2 L
TABLE XVI
Sperry Messenger. Span=24 in. (61.0 ¢m).
Clark Y wings. Chord=4.8 in. (12.2 ¢m).
Av. tank pres.=1 atm. Aspect ratio=»5.
Av. dynamic pres., ¢=28.0 kg/m?. Area=0.1377 m?2.
Av. Reynolds Number=169,000. Date, June 11, 1926.
Av. temperature=27° C.
| Angle of attack, 1 Lift coefficient Corrected /D Moment coeffi- | Corrected angle ‘
degrees « CL Cp cient Cy of attack, degrees |
\ : \
—9 | —0. 054 +0. 0710 —0.76 —0. 035 —9. 03
| —6 +. 105 . 0657 1. 60 —. 009 —5. 94
[ —3 . 289 . 0682 4. 24 —. 036 —2.84 |
—15 | . 392 . 0730 5.37 —. 038 —1.29 |
< 0 \ AT . 0815 5. 86 —. 037 .98 |
+1.5 . 578 . 0910 6. 35 —. 037 LS80
3 . 668 . 1029 6. 49 —. 027 3. 36
4.5 . 740 . 1138 6. 50 —. 041 4. 90
6 .836 | . 1293 6. 46 —. 020 6. 45
7.5 . 916 . 1454 6. 30 —. 030 7. 99
9 . 983 | . 1641 599 | —.002 9. 53
12 1. 142 ‘\ . 2070 5.52 | —. 088 12. 62
15 1. 226 . 2597 472 | —. 140 15. 66
18 1. 172 . 3530 3.32 | —. 179 18. 63 |
21 1 1. 086 . 4593 2. 36 —. 111 21. 58 }
I | 1 |
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Sperry Messenger.

Clark Y wings.

Av. tank pres.=20 atm.

Av. dynamic pres., ¢=623 kg/m?.
Av. Reynolds Number—3 350,000.
Av. temperature=42° C.

TABLE XVII

19
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Span=24 in. (61.0 cm).
Chord=4.8 in. (12.2 cm).
Aspect ratio=35.
Area=0.1377 m?.

Date, June 11, 1926.

[ Angle of attack, | Lift coefficient Corrected 1 D Moment coeffi- | Corrected angle
[ degrees a CL Cp cient Cu of attack, degrees
—0. 088 +0. 0465 = RO 0017 —9. 05
+.103 . 0431 2. 39 -4-. 001 —5.94
. 280 . 0481 5. 82 —. 001 —2.85
i 5 . 375 . 0528 7. 10 . 002 —+1. 30
st 474 0608 7.79 =. 012 +. 26
+1.5 . . 566 . 0703 8. 05 —. 017 1581
\ 3 . 647 . 0797 812 | —. 015 3.35
‘ 4.5 . 744 . 0937 7.94 | =. 023 4. 90
‘ 6 . 835 . 1091 7. 66 = 026 6. 45
\ i . 925 . 1259 7.35 —. 035 8. 00
9 1. 009 . 1438 7. 02 —. 030 9. 54
12 15177 . 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 21273
| !
TABLE XVIII
SUMMARY OF DATA
Airfoil section in atmospheres Reynolds Number Cr max. Cp min. C; e Max. L/D
BEE ‘ ‘
i il 173, 000 1. 194 0. 0702 16. 7 6. 61
U. 8. A. 5 without P“"Pe“er--{ 20.3 | 3,390,000 | 1279 - 0476 26. 9 g. 28
1 177,000 s 1..220 . 0689 1707 . 55
U.S. A 35+B .o { 20,2 | 3,410,000 | 1. 490 - 0440 338 8. 26
U.S. A. 27 { il 175, 000 1. 277 . 0706 18 6. 60
L s S P e 2(1). 5 3, ggg 888 i 328 X 0360 % (i) 1 g. 58
: 1 : . 416 . 0764 iebit ol s
Gottingen 387 - 1 20.3 | 3,400,000 1. 362 . 0515 DR | ey
R. A F. 15 { 1 160, 000 1. 051 . 0607 17. 3 6. 39
e e 20. 2 3, 220, 000 1.151" |7 . 0399 D28 8. 38
Clark Y { 1 169, 000 1.:298: | 5" 0657 i b 6. 50
R T el 20.2 | 8, 350 000 | 1450 - 0431 32.9 | 812
TABLE XIX
ORDER OF MERIT OF AIRFOILS
7 % From Sperry Messenger tests 2 % 7
Order
of Cr, max. / Cp min. Max. L/D
merit =
1 atm [ 20 atm 1 atm 20 atm.
T PRk G e e S WS A 35=R ol U DA R. A F 15
% OB IR T Clatles Vol b (s oy S T: SiA. 5.
S TR EANIS T L, S A O 2 U.S.A.35-B_____| U. 8. A. 35-B.
4 S AT B =Rl e R AR B Se Glaric Ve it Clark Y.
L b S P Dy T SivA e s e (B Oth=aR7 . 8 A 27
Ba|S AL GR AT GOt 887, Y RAALT B 2t i Gott. 387.
From airfoil tests
Order |[— == o 5 RAES = ——
f Cy, max. /(‘o min. Max. L/D
merti|———— — .
; 1 atm 20 atm. 1 atm 20 atm
105 (SR EAC SR B i sis WS AR B L S S BE Rl Y R AR, 15
o Bl @lapkaYie 2 d e RAVA RS B (Se IR IATR =i U. 8. A. 5.
Cles G Ry T e e Glark s RA ST 5L 2 b Clark Y.
4TS Aoy T D N AR Ua A Dt 0.8 A 27
BTN S @AY 252 BRI o SE gt ae ey U.S. A.35-B_____ U. S. A. 35-B
BiciHGDtE 887 T TS AR i Gatt. 3R7 L Gott. 387.
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TABLE XX

ORDINATES OF SECTIONS

U.S.A.5 U.S. A.35-B U. 8. A.27
Per cent g e P = o s el AN B b T
chord i |
Upper Lower Upper | Lower Upper Lower
0 0.73 0. 33 2.76 2. 76 127 i
1. 25 2.10 o i 9. 1561 1. 03 3. 80 . 50
2.5 3. 03 .03 6800 -0l 5. 07 . 33
5 4. 40 .03 7. 88 | . 27 6. 93 il
(5 5. 40 . 25 8.685 | .14 8. 22 .10
10 6. 20 S0l 9. 47 + 07 9.17 . 00
15 7. 16 1. 10 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 8. 14 2. 97 11, 37 28 11. 67 1L
50 7. 55 198 | 10. 29 41 1057, =308
60 6. 75 1. 55 8. 86 41 9. 52 254l
70 5. 63 1. 16 7. 08 41 8. 00 Sl
80 4. 24 .76 5. 02 37 6. 03 50508
90 2. 52 . 55 2. 76 21 3. 65 .15 ’
95 1. 50 .35 1. 62 12 2. 00 cididia
100 . 50 . 00 .28 00 =67 .65 ;
Gott. 387 R.A.F.15 Clark Y ‘
Percent |__ i 0 Lenil et
chord - \
Upper Lower Upper Lower Upper Lower |
|
0 361 | 361 0. 20 a 20 3.50 | 350 |
1. 25 6. 74 1. 35 1. 90 —. 456 5. 45 1. 93
2.5 7. 98 - 81 2. 80 — e 6. 50 | 1. 47
5 9. 87 . 36 3. 90 —. 90 7.90 | .93
7.5 11. 32 T 4. 60 1100 8. 85 . 63
10 12. 40 Lebg it 5. 05 — 31700 9. 60 .42
15 13. 83 . 00 5. 58 —. 80 10. 69 =15
20 14. 77 . 08 5. 76 —.. 50 11. 36 | .03 |
30 15. 36 . 22 5. 80 — 1) LTA70 0041
40 14. 88 . 38 5. 58 —. 05 11.40 | 005V
50 13. 48 . 54 5. 17 —. 28 10. 52 <00
60 11. 59 . 54 4. 68 —. 47 9. 15 . 00
70 9. 16 . 54 4. 07 —. 062 7.35 .00
80 6. 58 | . 50 3. 28 — 67 5. 22 . 00
90 3. 61 8 2. 24 =85 2. 80 . 00
95 1. 99 . 16 1. 63 —. 20 15490 . 00
100 . 37 . 00 .30 +. 30 <120 . 00
|
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis : Moment about axis Angle Velocities
( Forlcle1
paralle .
Dadanitt Sym- to;:l()is% Designa- | Sym- Positive Designa- | Sym- (E(;nmfsg- AN
eegaton bol i |2EY 0P tion bol direction tion bol |nentalong | ~P8WAr
axis)
Longitudinal___| X X rolling_ ____ L Y——Z |roll._____ ® u P
Lateral _______ Y Y pitching____| M Z—— X | pitch_____ (<] v q
Normal . ______ Z Z yawing_____ N X——Y | yaw_____ v w r
Absolute coefficients of moment Angle of set of control surface (relative to neu-
0 L 0 M 0 N tral position), 6. (Indicate surface by proper
B qbB =M qoB N g 1 subscript.)
4. PROPELLER SYMBOLS
D, Diameter. T, Thrust.
P., Effective pitch Q, Torque.
s Mean geometric pitch., P, Power. |
ps, Standard pitch. (If “coefficients” are introduced all
Py, Zero thrust. units used must be consistent.)
Pa, Zero torque. 7, Efficiency= T V/P.
p/D, Pitch ratio.  n, Revolutions per sec., r. p. s.
V’, Inflow velocity. N, Revolutions per minute., R. P. M.

Va1 Sip treput veloaity, ®, Effective helix angle=tan™ (—V )
% 2zrn,

5. NUMERICAL RELATIONS

1 HP =76.04 kg/m/sec. =550 Ib./ft./sec. 1 Ib. =0.4535924277 kg.
1 kg/m/sec. =0.01315 HP. 1 kg =2.2046224 1b.
1 mi./hr. = 0.44704 m/sec. 1 mi.=1609.35 m = 5280 ft.

1 m/sec. =2.23693 mi./hr. 1 m=3.2808333 ft



