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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol
Unit Symbol Unit Symbol

Length_____ l 3 41(2 1723 o M AL I T SRS 3, SR m foot (or mile) .- _______ ft. (or mi.)
Time 2 e ¢ SeEODTL Skl ST S Sy sec second (or hour)_______| see. (or hr.)
Horce.& .- 32 F weight of one kilogram____ kg weight of one pound 1
Power__.___ P, kg/;r}ll/sec __________________________ horsepower__ _________ II;I/IP. %

a0y oV S R s S e o e 3057 )8 i S R L B 5124
Speed- - - -|-o-oooo-- {m/sec _____________________________ i TSRS B (S8 £1p."8;

2. GENERAL SYMBOLS, ETC.
W, Weight, = mg mk?, Moment of inertia (indicate axis of the

g, Standard acceleration of gravity =9.80665

m/sec.2=32.1740 ft./sec.?

m, Mass, 24
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.-
it sec.?).

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

radius of gyration, &, by proper sub-
seript).

Area.

Wing area, ete.

Gap.

Span.

Chord length.

Aspect ratio.

Distance from c. ¢. to elevator hinge.

Coeflicient of viscosity.

3. AERODYNAMICAL SYMBOLS

V, True air speed.

¢, Dynamic (or impact) pressure=é o172

L,

D,
G,

R,

Tw

i,

Lift, absolute coeflicient 0L=q—%'

Drag, absolute coefficient 0')=ng

Cross - wind force, absolute coefficient

C

OC=Q—S

Resultant force. (Note that these coeffi-

cients are twice as large as the old co-
efficients L¢, De.)

Angle of setting of wings (relative to thrust

line).

Angle of stabilizer setting with reference to

thrust line.

e

By

Dihedral angle.

E, Reynolds Number, where [ is a linear

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 em chord 40 m/sec,
corresponding numbers are 299,000
and 270,000.

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

Angle of stabilizer setting with reference
to lower wing, = (1 — %) .

Angle of attack.

Angle of downwash.
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FORCES ON ELLIPTIC CYLINDER IN UNIFORM AIR STREAM
By A. F. Zahm, R. H. Smith, and F. A. Louden

INTRODUCTION

This report presents the results of wind tunnel tests on four elliptic cylinders with various
fineness ratios, conducted in the Navy Aerodynamic Laboratory, Washington. The object of
the tests was to investigate the characteristics of sections suitable for streamline wire which
normally has an elliptic section with a fineness ratio of 4.0; also to learn whether a reduction in
finenessratio would result in improve-
ment; also to determine the pressure
distribution on the model of fineness
ratio 4.

Four elliptic eylinders with fine-
ness ratios of 2.5, 3.0, 3.5, and 4.0
were made and then tested in the 8
by 8 foot tunnel; first, for cross-wind
force, drag, and yawing moment at
30 miles an hour and various angles
of yaw; next for drag at 0° pitch and
0° yaw and various wind speeds; then
for end effect on the smallest and
largest models; and lastly for pressure distribution over the surface of the largest model at 0°
pitch and 0° yaw and various wind speeds. In all tests, the length of the model was transverse
to the current. The results are given for standard air density, p=.002378 slug per cubic foot.

This account is a slightly revised form of Report No. 315, prepared for the Bureau of Aero-
nautics, July 13, 1926, and by it submitted for publication to the National Advisory Committee
for Aeronautics. A summary of conclusions is given at the end of the text.

Fi1a. 1.—Elliptic eylinder 2 by 5 inches mounted with end plates

DESCRIPTION OF MODELS

The four elliptic cylinders, the smallest of which is shown in Figure 1, and profiles of which
are shown in Figure 10, were each 62 inches long and 2 inches thick; their widths were 5, 6, 7,
and 8 inches. The specified offsets are given in Table 1 and for each case can be derived from the
equation of an ellipse. All of the cylinders were of laminated pine, varnished, and then verified
by application of their construction templates. After the tests, however, a few measurements of
offsets taken on the plane table indicated that the models were slightly unsymmetrical. The
2 by 8 inch cylinder had detachable end segments to fill up the space between the floor and ceiling
of the tunnel during the pressure distribution test.

In a second test series adjoining end plates, Figure 1, were used to determine the end effect
on two of the cylinders. They were made from fairly plane galvanized-iron plate and measured
24 by 24 inchos

In Figure 2 the pressure collector is shown inserted as a center segment in the 2 by 8 inch
model. It was made of bronze accurate to 0.001 inch in the offsets. Its dimensions and the loca-
tion of its 16 holes are given in Figure 3. The pressure leads, one running from a hole in the nose
and the other successively from each surface hole, were each connected with l4-inch tubm(r
which ran lengthwise through the strut to a manometer outside the tunnel.
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METHOD OF TESTING

To measure the forces and yawing moment, each cylinder was mounted, without end plates,
at its center on the two-prong fork, Figure 1, extending from the shank of the tri-dimensional
balance described in reference 1. The angle of yaw was varied from —6° to 20° by 2° inter-
vals, the wind speed was held at 30 miles an hour, and the cross-wind force, drag, and yawing
moment were simultaneously measured on the cylinder
and exposed portion of the holder; then on the holder
alone with the cylinder detached but not removed.
The difference was taken as the true force or moment
component. The precision of such measurements is
given in Reference 2. The drag measurements with
the cylinders at 0° pitch and 0° yaw were taken in
the same way; the wind speed being varied from 20
to 60 miles an hour by 10 mile intervals.

To determine the end effect of the smallest and
largest cylinders, the plates were mounted at the ends
of the model as shown in Figure 1, and the cross-wind
'Fi6. 2.—Pressure collector inserted in 2 by 8 inch elliptic  force and drag were measured at intervals of 4° yaw.

ey The measurements were repeated without the plates.
The percentage difference applied to the original force data gave values for the infinite cylinder.

The pressure distribution measurements were made on the 2 by 8 inch eylinder, which was
mounted vertically in the tunnel with extension end segments accurately in line and with the
pressure collector inserted in the middle of its span. The difference of pressure between the
nose and each of the holes aft of the nose was
determined successively. To do this all the
surface holes were plugged except one which
was joined to one pressure lead, while the
nose hole was joined to the other lead. The
wind speed was then varied from 20 to 70

L/ Os—/ 025!
e 0=

: S ——7.325"
miles an hour, by 10 mile intervals, and a6 2
. . — L —— X V7 L 7

the differential pressure was measured on R e T e 5

T T T T T T ur T 1

an alcohol manometer having a 1 to 10
slope. These measurements could be read in
all cases to within 0.005 inch vertical of
alcohol. Thus the point pressure could be
determined to about one-half of 1 per cent
for speeds above 40 miles an hour; to within
less than 2 per cent for the lower speeds. The
air speed was held constant to within one-

p /6 Holes, 42" dria. !
half of 1 per cent. oles, fa"dlia 5 4
(10}

RESULTS OF FORCE AND MOMENT
MEASUREMENTS :

The cross-wind force and drag on the ‘
62-inch cylinders at V&I‘iOllS angles Of yaw F1G. 3.—Bronze presjsu:e cnpectnr for le.llif;tic cylinder 2 by 8
. . . imches, nneness ratio
are given in Tables IT and III together with

their coefficients which are the respective forces divided by % pV,? times the frontal area S, V;

being feet per second. The coefficients are plotted in Figures 4 and 6.

The cross-wind coefficient ! increases positively at negative yaw and negatively at positive
yaw as the fineness ratio is increased from 2.5 to 4.0. The fact that the force is not zero at
zero yaw is probably due to the models being slightly unsymmetrical. The maximum coeffi-
cient is —4.28 for the 2 by 8 inch cylinder.

1To express these cross-wind coefficients as lift coefficients, multiply them by frontal area/chord-plane area.
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Fi1G. 4.—Elliptic cylindars of various fineness ratios. Length of cylinder 62
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Fia. 6.—Elliptic eylinders of various fineness ratios. Leagth of cylinder

62 inches, models at 0° pitch, air speed 30 M. P. H.
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Fi6. 5.—Elliptic eylinders of fineness ratios 2.5 and 4. Length of cylinder 62
inches, models at 0° pitch, air speed 30 M. P. H.
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FiG. 7.—Elliptic cylinders of fineness ratios 2.5 and 4. Length of cylinder
62 inches, models at 0° pitch, air speed 30 M. P. H.
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The drag coefficient is decreased by increasing the fineness ratio at zero yaw, but the dif-
ference is less as the yaw increases and between 4° and 6° the cylinder of fineness ratio 3.5 has
a drag coefficient equally as low as the 2 by 8 inch cylinder. From 6° to 13°, the 2 by 6 inch
cylinder has the least drag coefficient; beyond 13° yaw, the greater the fineness ratio the greater
the drag coefficient.

The yawing moment about the N-axis is presented in Table IV ; the resulting lines of force
and the center of pressure travel are shown in Figures 9 and 10. As the fineness ratio of the
cylinder increases, the center of pressure moves slightly aft.

The ratio of the forces C'/D, is given in Table 5 and the graphs are given in Figure 8. The
2 by 8 inch cylinder is superior for angles of yaw up to 16°. (/D max. for this cylinder is —12
at 8° yaw.

Tables VI and VII give the force measurements on the smallest and largest model with and
without end plates, the percentage difference and the coefficients for the infinite cylinder;
Figures 5 and 7 compare the coeflicients of the finite and infinite cylinders. The cross-wind
force coefficient is increased positively at negative yaw and negatively at positive yaw when
the cylinder becomes endless. The drag coefficient for the infinite cylinder is less than for
the finite.

With the cylinders at 0° pitch and yaw, the resistance and corresponding coefficients for
various speeds are given in Table VIII and plotted in Figure 11. Here the resistance of the 62-
inch cylinder was taken to be substantially the same as for a 62-inch segment of an infinite
cylinder, as the increment due to end effect was small and could not be measured. On comparing
the four struts, it is seen that at high speeds the drag coefficient is not lowered by increase of
fineness ratio; at speeds of 50 and 60 miles an hour, the models with fineness ratios of 3.0 and
3.5 have a lower coefficient than the 2 by 8 inch model.

RESULTS OF PRESSURE DISTRIBUTION MEASUREMENTS

The differential pressure measurements made on the 2 by 8 inch cylinder are presented in
Table IX, and their conversion from inches of alcohol on a 1 to 10 slope to vertical inches of
water is also given. Table X gives the point pressure at the several holes found by subtracting
the differential pressure from the nose pressure. These data are plotted in Figures 12 and 13.
Table XI gives the point pressure in terms of the nose pressure.

One sees from Figure 12 that for this strut shape the point pressure at all used speeds

decreases from full impact % p V*at the nose to zero at a distance of 2.1 per cent of the cylinder

width from the nose; the maximum suction occurs at about three-eighths of the width from the
leading edge and is equal to about .6 the nose pressure. For speeds of 40 to 70 miles an hour
there is another point of zero pressure near the trailing edge and a positive pressure aft of that;
for the lower speeds, a slight suction is still evident at the trailing edge. Figure 13 shows that
the pressure at each hole varies nearly as the square of the velocity.

The graphs of the faired values of the point pressure, multiplied by (70/V)? to make them
comparable are shown in Figure 14. The integrals of each pressure graph, giving the elements
of the pressure drag and the summation of these or the resultant pressure-drag, are given in
Table 12 and plotted in Figure 15. With them are shown the total drag and the resultant
friction. The order of graphic integration here used to find the force S pdy over the various
portions of the surface of the 1-foot-long center segment of the cylinder is detailed in the
diagrams of Figure 17.

It is seen that the downstream push and the upstream suction vary as V. The upstream
push is zero at low speeds since the pressure did not become positive near the trailing edge of the
model at these speeds. The difference between the total downstream and upstream pressure
forces, which is the pressure drag, is seen to increase up to a speed of 35 miles an hour and then
decrease. The difference between the curves of total drag and pressure drag, giving the frictional
drag, varies as V" where n=1.97.




4 “\
\\‘\\'\
At

i

\\

IS

Q

—-/”/

!
Ny

|
N

Cross-wind force /drag, C/D

s e

\
=5 Y
i\ /
i
\
-8 \\\\ \ ==0.5 ///ﬂ
\ f/nenesS rafi/,,"o/ i
| >
-/0 o I
\\ P //0
e e
/2 sl |
-4° 0= 4° 8° 2° /6° 20°

Angle of yow, ¥

Fia. 8.—Elliptic cylinders of various fineness ratios.
inches, models at 0° pitch, air speed 30 M. P. H.

Length of cylinder 62

i
'{l/d \\\
- Win \T‘\*&TN— s i
| |
Gl it | 4 .
Distance from nose i inches
Qr \\
&/5" \.‘\
S \ \
Q Lé\ H T e .
Li‘ 3.0 *\ 5 f'fneness ratio=40
8° }
5 1L
2 251 [\ Pt
<E \\‘\\\\
o s =
il )
e
_80

FiG. 10.—Center of pressure at various angles of yaw, of elliptic cylinders of various fine-
Length of eylinder 62 inches, models at 0°.pitch, air speed 30 M. P. H.

ness ratios.

o iGhinbby A 5
]

1 \ ‘l
¥ /‘t
|20
\Nm
e I\ 7

Fineness
ratio=40

Fineness
ratio=35
Gk
Qo adby
BV

6"

Fineness
ratio=30

=

\\\ Fineness
g \ ratio=25

-6° -2°

F16. 9.—Lines of resultant air force at 30 M. P. H.
of elliptic eylinders of various fineness ratios.
Length of eylinder 62 inches, models yawed at
0° pitch



-
.20
0 . : il
A fineness ratio =IE.5\ - 5
%. (5 [ g "
N\ pZdil
o) Zf i
f / J/ vV
2./0 A
‘(\).0\9 r; v
“9 08 O\ 471
p O B
Q.07 A2
o8 > Q
.06
Q % Vi
0551
.z
e R 40 507 . 160
Air speed, V (M.RH)
40 T |
Mg = R R e,
& = ~ FFineness rafio=2.5
§.30 SRR
Q + “1d 3 S
E BN \\0\ ‘\\
3 ‘\\\ REAEN N
oo NP 3
S.20 MBS P RN o .
S =~
é’ 0 N
8 \{L\ el
U‘/5 \\% <
o B} 2
; A3
Q M
G
3 6 7 f Sl R EL A
v, d (f.xt/sec.)
FiG. 11.—Elliptic cylinders at various fineness ratios. Models
at 0° pitch and 0° yaw
2'5
2.0
=3
% /.51
2
“
o
Gy VALG!
)
i
S
R 0.5k =—
L // T
N}
?) Hole number
0 0 A | 8 g 0 uoo2l o3
o) i k ;=
SR i =20MPFEH, AR L
i o =30 MPH |
$-0.5 ' : ¢ sl
\‘\ =40 MPH, /-'/
- Y =s0mPH" |
1.0 i | e ]
g \ T ZGOM.PH. P
S~ |Airspeed, V= 70 M.RH.
=15
(6] / 2 3 4 5 & 7 8

Distarice from nose ir1 inches

F16. 12.—Elliptic cylinder 2 by 8 inches at various air speeds. Model at 0° pitch and 0° yaw

e SR Emmmo e e
e o e St e e
Values of p are positive
e “ |~ | « [negafive
2.0
1.5 é\;
T T
. /
1.0 A 44A00
QO © (A
.90, W ‘\’%/, A
.80 ' %"\-
g :
70 \@ 'ch;\or
X oz;%%
60 7 7 T A
A 74
.50 = o 7
4 &( i
40 L
26
o 'QJ—-//\'
.90 / AGN
2 ~ G L0 4(9 ra
S i 30
§ e o
8- 204/ Bt
R P/ XY A *
. (A7 A
() N2 4
A o7 K\O
% \Y q o
(©)
0 9
I
N
£-/0
Q?.OS 7 A
.08
.07
.06 O
I—IEL'Q
.05 s
@’b
.04 O
A4
.03
7
7
.02
‘0/20 30 40 50 60 70

Air speea, V (M.AH,)
F16, 13.—Elliptic cylinder with fineness ratio of 4. Model at 0° pitch
and 0° yaw




(70%/V¥x poirt pressure, p (lnches of water)

FORCES ON ELLIPTIC CYLINDERS IN UNIFORM AIR STREAM 9

.80 I ]
.70 ] 3
7ofal a’ow?.s 7rieam force, p, —y%;[
= 7otal uptream force',pe 5 %ST
.50 A H
A/ .(\j:i
7AZgE
20 ; i e @ D o
y S A MNP
V8% X ABNBA VUV
- 770 19
\ .3 AT
7 Q{’":"’(e
1.6 SRS
\ Ay aaass
o°
\ .20 /
/4 AL
s A
\ Q.15 Iy
S AV
¢ £
0.8 E’ / 4 }{;W
\ B0 A DA AT
L.09 7 74 , \(\o\
< 9% D7 48
04 =07 A o A (\
\ g STk
Q\ 5 Fe
— p for V.= TOMPH. o8 A :
S TN i (709609 x p for 6OM.PH. P e S
ok e " 8, L Dl A bl A it
=) BT “ o« “ [ivss 7 ] U I e
R :\§< L (702 309 « - 30 - 74 Q SiE e 0 AN
= AN /702/207 w0 20 =) oaF AN N i
= SN ¢ R
= “ \/ el N
“ it SR\ i B 4 A
04 A\ ) i =
\/ N\ O3~ PR S y
\ A\, \ = ,{V ressura; rag, P—pl _‘Dz.,
S\ E il
Lah \ RN
N\ X .02
A A
N \\\
\\. \.‘ o
1.2 A \\\\
i Y
0 02//(04{/06 //(778 /.
Half thickness of cylinder, y (Inches) 0/2 0 30 20 50 80 70
Fia. 14.—Elliptic eylinder 2 by 8 inches, model at 0° pitch and 0° yaw Air speed V{M/:.’/i)

Fia. 15.—Elliptic eylinder 2 by 8 inches, model at 0° pitch and 0° yaw

Figure 16 portrays theoretical curves of point pressure and zonal pressure drag together
with the measured pressure, all at 40 miles an hour, and the pressure drag computed from these
measurements. Formulas for the theoretical curves are given in reference 3.

The measured pressures agree well with the theoretical except at the rear where the flow is
turbulent. The pressure drag is a maximum where p =0 and a minimum amidships. The whole
pressure drag on the front half of the model is negative. Theoretically this is balanced by the
rear drag, but actually there is a downstream resultant which here is one-third the whole meas-
ured drag or one-half the friction drag. '

CONCLUSIONS

From Figures 4, 6, 8, it is seen that for V,d =7.33 (ft.xft./sec.) the best characteristics occur
when the elliptic cylinder has a fineness ratio of 4.0. Figure 11 indicates that the above con-
clusion would hold for small Reynolds Numbers, but for large Reynolds Numbers, V,d >11, the
drag is less for a cylinder fineness ratio of 3.0 or 3.5, and this would probably result in an improved

94684—28——2
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C/D curve which would mean that improved characteristics could be obtained with a fineness
ratio smaller than 4.0.

If we assume a speed of 150 miles an hour and streamline wire with a thickness of one-fourth
inch, V,d=4.6 (ft.xft./sec.), at such a Reynolds Number an elliptic section with a fineness ratio
of 4.0 would have better characteristics than a section with a smaller fineness ratio.

Comparing the point pres-
sure over the surface of the ellip- y
tic cylinder with that over the
surface of the Navy No. 1 modi-
fied strut given in Reference 4, it
is seen that the maximum suction
is further aft for the elliptic sec-  ¢—— — — — — 2%
tion, and the streamlined trailing
edge of the strut results in the
pressure being zero at the same
point near the trailing edge for
any speed, while for the elliptic \ ]
cylinder as the speed decreases \
the pressure is zero further aft, 258
and for the low-test speeds there R e T 253 0
is still a suction at the trailing
edge. Thus the character of the
air flow at the after part of the
elliptic cylinder is different for

different speeds. O -Values of p ® -Values of Dy
Tor lintic evlinder ‘or from measure- compuiled from
or an elliptic eylinder or ,c,ts af20MPH. 5P pressures p, O

any simple quadric, fixed at any e g ,
v d - stor . Bk F1G. 16.—Elliptic cylinder 2 by 8 inches. Graphs indicate Lheoreliuxl values. p=1—
attitude m a uniform infinite (a+5)22/[b*+(a3—B2)?] where unit pressure=p V2, 1),_2

stream of inviseid liquid, it can ovay

be shown, Reference 3, that the zonal pressure drag is upstream on the fore part; downstream on
the rear part; zero on the whole. The model in Figure 16 exhibits these properties except that
the resultant pressure drag, ewing to viscosity, is not quite zero.

D
7 |
@

Zonal pressure -
drag per unit lengtf, Dy

essure, p
)
n

Q

0,

T
N

b

|e Jowristreo,

Z SUC//
“‘,.— F1G. 17.—For V=40, 50, 60, or 70 M. P. H.
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(703 VI xpoint pressure, p (/nches of Wafer) . —agf—geg
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am suction Ceam Sucty Downstream push o abo
(\ ((\ UP re o or {)antnslrenm s}\lmtion « cfod
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S - ,;£204‘4~Rﬂ' b o Upstream suction o bged
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T T 2] T T b’ Bl—
& LIS 5 '5 -I -/ 5 Gt et

2
(703/V?3) xpoint pressure, p (/nches of water)

At 40 miles an hour the drag coefficient of the 2 by 8 inch elliptic strut, at zero yaw and with
free ends, is about 2.5 times that previously found for the best Navy strut, as given in Reference 4.
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Struts No. 1 Modified.”” N. A. C. A. Technical Report No. 137, 1922.

[Elliptics cylinder. Various fineness ratios]

TABLE I
SPECIFIED OFFSETS
Distance from leading edge (inches)
T Thickness
2by5inch | 2by 6inch | 2by 7inch | 2 by 8 inch (inches)
cylinder ‘ cylinder cylinder cylinder
0. 0. 0. 0. 0.
050 ‘ . 060 . 070 . 080 . 399
. 125 . 150 s . 200 . 624
. 250 . 300 . 350 . 400 . 872
. 275 . 450 . 525 . 600 1. 054
. 500 . 600 . 700 . 800 1. 200
. 750 . 900 1. 050 1. 200 1. 428
1. 000 1. 200 1. 400 1. 600 1. 600
1. 500 1. 800 2. 100 2. 400 1. 833
2. 000 2. 400 2. 800 3. 200 1. 960
2. 500 3. 000 3. 800 4. 000 2. 000
3. 000 3. 600 4. 200 4. 800 1. 960
3. 500 4. 200 4. 900 5. 600 1. 833
4. 000 4. 800 5. 600 6. 400 1. 600
4. 250 5. 100 5. 950 6. 800 1. 428
4. 500 5. 400 6. 300 7. 200 1. 200
| 4. 625 5. 550 6. 475 7. 400 1. 054
| 4 750 5. 700 6. 650 7. 600 . 872
4. 875 5. 850 6. 825 7. 800 . 624
4. 950 5. 940 6. 930 7. 920 .399
5. 000 6. 000 7. 000 8. 000 0.
|Elliptic eylinders. Various fineness ratio]
TABLE II

NET MEASURED CROSS-WIND FORCE AT 30 M. P. H. AND CROSS-WIND FORCE COEFFICIENTS

Model at 0° pitch

Cross-wind force on 62-inch cylinder € (pounds) “ Cross-wind force coefficient C.=2C/p V128 (absolute)
A 'Eﬁl&,%&;‘“ Fineness ratio
2.5 3.0 3.5 4.0 2.5 3.0 ‘ 3.5 ‘ 4.0
—6 oo 4. 308 +4 366 | +4. 761 | +4.969 | +2 1733 | +2. 2026 | +2. 4019 i +2. 5068
= Sl L 3. 383 3. 326 3. 526 3. 550 17067 1. 6779 1. 7788 ‘ 1. 7909
i 1. 828 —l—l 676 | 4-1. 741 | 4-1. 662 . 9222 +. 8455 +. 8783 +. 8385
(=sirt i +. 058 . 234 —. 284 —. 420 +. 0293 —. 1181 | —.1433 | —.2119
L e s —1.722 —2. 116 | —2.344 | —2.448 | —. 8687 | —1. 0675 | —1. 1825 | —1. 2350
RS Al —3.241 | —3.698 | —3.945 | —4.005 | —1. 6350 | —1. 8656 | —1.9902 | —2. 0205
Ot el —4.203 | —4.640 | —5. 005 | —5.247 | —2.1204 | —2. 3408 | —2. 5250 | -—2. 6470
o S —4.738 | —5.353 | —5.774 | —6. 152 i —2.3903 | —2. 7005 | —2.9129 { —3. 1036
1[0 PR —5.124 | —5.896 | —6.336 | —6.886 | —2. 5850 | —2. 9745 | —3. 1964 | —3. 4739
1.2 ks oo —b5.384 | —6.146 | —6.856 | —7.526 | —2. 7162 | —3. 1006 ‘ —3. 4588 | —3. 7968
iy o Tk —5.633 | —6.415 | —7.195 | —8. 037 | —2. 8418 | —3. 2363 | —3. 6298 | —4. 0546
LGy = 1 & —b5.851 | —6.645 | —7.475 | —8.394 | —2. 9518 | —3.3523 | —3. 7710 | —4. 2347
1 s e gl —6.000. | —6. 769 |-—7./664 | —8 489" —3..0269 |1—3. 41495 —3! 8664 | —4. 2826
208 ko —6.109 | —6.721 | —7.574 | —5. 534 | —3. 0819 | —3.3907 | —3. 8210 | —2. 7918

(.= Cross-wind force (ocfﬁment 2(’/p V, S.

(' =Net (model without holder) cross-wind force in pounds.
= Frontal area of cylinder=0.8611 sq. ft.

V= Air speed =44 ft./sec.

p =Air density =0.002378 slug/cu. ft.
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[Elliptic eylinders. Various fineness ratio]

TABLE III

NET MEASURED DRAG AT 30 M. P. H. AND DRAG COEFFICIENTS
Model at 0° pitch

l Drag of 62-inch cylinder D (pounds) Drag coefficient Cp=2D/p Vi2S (absolute)
i M(‘ﬁlebgluée\s?“ Fineness ratio
‘ 2.5 3.0 3.5 4.0 2.5 3.0 3.5 4.0
‘ Apl IS AT, 0. 531 0. 471 0. 464 0. 456 0. 2679 0. 2376 0. 2341 0. 2300
i IR .501 . 431 . 424 . 416 . 2527 . 2174 . 213 . 2099
= L . 503 . 424 . 404 . 385 . 2538 . 2139 . 2038 . 1942
| Qi . 521 . 441 . 406 . 369 . 2628 . 2225 . 2048 . 1862
RS o e e - 807 . 411 . 401 . 383 . 2558 . 2073 . 2023 . 1932
| (ARGES T e . 491 . 437 . 411 . 411 . 2477 . 2205 . 2073 . 2073
! ST LR . 501 . 454 . 449 . 449 . 2527 . 2290 . 2265 . 2265
(o ot gy Bl . 530 . 494 . 498 . 511 . 2674 . 2492 . 2512 . 2578
i 41 oty Do 5 . 566 . 542 . 560 . 583 . 2855 . 2734 . 2825 . 2941
I [ZAEIEREE A . 602 . 594 . 628 . 660 . 3037 . 2997 . 3168 . 3330
1 PR . 643 . 649 . 693 1ol . 3244 . 3274 . 3496 . 3789
J0 S e . 690 . 706 . 756 . 858 . 3481 . 3562 . 3814 . 4329
! L RS . 136 . 774 . 830 . 954 . 3713 . 3905 . 4187 . 4813
=20 . 791 ! . 868 . 991 2. 029 . 3991 . 4379 . 4999 1. 0236

(C'p=Drag coefficient=2D/p V2S.

D= Net (model without holder) drag in pounds.
S=Frontal area of cylinder=0.8611 sq. ft.

V= Air speed =44 ft./sec.
p=Air density =0.002378 slug/cu. ft.

[Elliptic eylinders. Various fineness ratio]
TABLE IV
NET MEASURED YAWING MOMENT ABOUT N=AXIS! OF MODEL HOLDER IN POUND-INCHES AT 30 M. P. H.
Model at 0° pitch

Fineness ratio
Angle of yaw
(degrees) { |
2.5 3.0 3.5 4.0
=B s o te sl —2.738 —3. 109 —4. 587 —5. 807
e S e —3. 295 —3. 329 —4. 433 —5. 135
e O R —3. 821 —3. 519 —3..857 —4. 029
Qi el W —3. 794 — 3161 —2. 727 —2. 346
e —2, 546 —1. 601 —. 634 -+. 288
A e e —. 640 | +. 522 +2. 356 3. 514
Bt | +1. 404 | 2. 856 5. 444 7. 092
Siies E gl 3.383 | 5. 381 8. 337 10. 311
O et S 5. 244 7. 860 11. 528 14. 406
SRk e 2ol i | 7. 190 10. 306 14. 772 18. 246
14 B BT e 9. 218 12. 376 17. 856 21. 828
gt s 11. 336 14. 882 20. 728 25. 212
1he el St e 12. 963 16. 837 22, 633 32. 251 |
QUL TR +-14. 696 \ +18. 590 +24. 215 +18.732 |
| |

1 N =axis is 6.91 inches above chord of cylinder for all fineness ratios, and 2.26 inches aft of nose for fineness
ratio=2.0; 2.72 inches aft of nose for fineness ratio=3.0; 3.35 inches aft of nose for fineness ratio=3.5; 3.84
inches aft of nose for fineness ratio=4.0.
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[Elliptic eylinders. Various fineness ratio]

TABLE V

ELLIPTIC CYLINDERS IN UNIFORM AIR STREAM

« C/D AT 30 M. P.H. FOR 62 INCH LONG CYLINDERS

Model at 0° pitch

Angle of yaw

Fineness rati

0

(degrees) i
29 3.0 3.5 ‘ 4.0

|

SRe s i el ESRD 49 28 +10. 3 ‘ 104

TR B 6. 76 72 81139 | 7. 56
Va e AR 3. 63 +3.95 +4.31 4 e
e R 255 —. 531 =700 | 1 =5 A
R I I 3040 L2515 —5.85 —6. 62
(L TR e —6. 61 Saiin —9. 60 =0
WG R A —8. 40 10,2 R S
1 QUM LERETY —8. 94 —10. 8 —11.6 —12.0
bl S SR —9. 06 =109 isa il
‘ IOk A7] ey —8.95 1053 — T LTl
P T —8.77 R o R
’ Ok EEET ] e U =919 -9.80 | —9.79

TR Rt T RLTE —993. |- - F=89(

Lo SR ST T | —7.72 — s —7.65 EoN7s

IS X O e i 05
[Elliptic cylinders. Fineness ratio=2.5 and 4.0.]
TABLE VI
CROSS-WIND FORCE WITH AND WITHOUT END PLATES AT 30 M. P. H,, PERCENTAGE

DIFFERENCE, AND COEFFICIENT FOR INFINITE CYLINDER

Model at 0° pitch

1(‘ross-wind force on 62-inch cylinder | Cross-wind force coefficient (abso-
‘ (pounds) Percentage
Angle of yaw (degrees) X LG
. ; [ e e With end LC=D | Finite cylinder | Infinite cylinder
plates C plates C ‘ ?é:ezqg/{;]glg) 3 Cot-CoX—F— CT
Fineness ratio=2.5
P

—q ol E L +3. 332 | +3. 560 +6.8 + 1. 7067 + 1. 8228

gra i e8| s 98 °1 +. 0293 4. 0361

o S S e i —3. 226 —3. 576 | 10. 9 —1. 6350 —1. 8132

S g —4. 801 —5.178 | 7.9 —2. 3903 —2. 5791

15 T Fo g —5. 591 —5. 878 ' | oLl =202 —2. 8547

16 e e —6.4155 —6. 393 39 | —2 9518 —3. 0669

=20 B —6. 517 —6. 707 +2.9 ! —3. 0819 —Bel7 1S

Fineness ratio=4.0

__________ +3. 376 | +3. 745 4+10. 9 -+ 1. 7909 -+ 1. 9861

__________ =070 — 078 11. 4 — 201019 —. 2361

,,,,,,,,,,, —3. 632 —3. 923 8.0 —2. 0205 —2..1821

Qe Ao —6. 016 —6. 590 9.5 —3. 1036 —3. 3984

| i A ETAN —7. 624 —8. 289 8ol —3. 7968 —4, 1271

16 5 AN —Seadh —8. 594 | —9. 151 6. 5 —4. 2347 —4.5100

_________ —6. 949 —7. 796 +12:2 —2. 7918 —3. 1324
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[ Elliptic eylinders.

DRAG WITH AND WITHOUT END PLATES AT 30 M. P. H, PERCENTAGE DIFFERENCE,
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Fineness ratio=2.5 and 4.0]
TABLE VII
AND COEFFICIENT FOR INFINITE CYLINDER

Model! at 0° pitch

|
Drag of 62-inch cylinder (pounds) Percentage
difference —

Drag coefficient (absolute)

Angle of yaw

(degrees) Without end With end 100 (D’ — D)
| plates plates RN
D D'

Fineness ratio=2.5

Finite cylinder | Infinite cylinder
Cp=2D[p V128S. | 7
(See Table 3)

| T
Cp+CpX- D

D

—f e 0. 492 0. 484 —1.63 | 0. 2527
(9 il 1A Y U K31 153 o (0 7 +. 39 . 2628
Sy [ Ebe . 498 . 494 —. 80 . 2477
SR gl talha . 541 oS —5.18 . 2674
j £ LS T (1578 . 595 . 549 —7.74 . 3037
£l 2 e Coial e . 680 | . 629 —17. 50 . 3481
S o S 98i . 758 —5. 02 . 3991
Fineness ratio=4.0
|
st | Bhde IR e 0. 397 0. 388 =2 21 0. 2099
[0 ) | scen T L . 349 | . 352 +.86 | . 1862
Sl ol 10 .389 | . 379 —2. 57 | . 2073
o A RS IR A S SSt| . 455 —6. 77 . 2578
11 T I . 641 | O —9. 99 . 3330
f | TN SRR e TR . 839 } . 191 —10. 49 . 4329
+20_ . 1. 668 1. 640 —1. 68 1. 0236

0. 2511
. 2638
. 2457
. 2535
. 2802
. 3220
. 3791

0. 2051
. 1878
. 2020
. 2403
« 2997
. 3875

1. 0064
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[Elliptic cylinders. Various fineness ratio.]
TABLE VIII

DRAG AND DRAG COEFFICIENTS AT VARIOUS SPEEDS
Model at 0° pitch and 0° yaw

Netf 1(én_ea.si]uredrdaag = .
52- Y. s | icient
e et L BAEE) | ot eoind Seamnune | Sieb drag per loobrun, | 74d (0t foso) r?g S
4 of infinite cylinder feoucy) R T
(pounds)
Fineness ratio=2.5
HOR o Lo T ‘ 0. 316 0. 061 | 4. 88 0. 3587
SO Ra W . 635 w . 104 23 ‘ . 2699
! A e T T Lalh ‘ . 138 9. 78 . 2029
{SgoD it oo . 866 . 168 12429 | . 1573
K60t et | 1. 072 | . 207 14. 67 1 . 1352
! Fineness ratio=3.0
i - - WS =T I
e e 0. 262 0. 051 4. 88 ‘ 0. 2974
SO S en 6 . 452 . 087 7. 33 | . 2280
2 ()RR U S . 581 S 9.78 1 . 1649
SOACEE N B S0 . 720 . 139 12. 22 ‘ . 1308
OO ol L . 916 A 14. 67 | . 1155
Fineness ratio=3.5
2000 & TR Lo ‘ 0. 235 ‘1 0. 045 4. 88 0. 2667
SOES R el i o . 424 | . 082 183 . 2139
AR A ST Al . 591 . 114 9.78 . 1677
HORESE & o feis . 728 . 141 12. 22 . 1322
B0kl W e e . 908 170 14. 67 . 1145
Fineness ratio=4.0
2080 T 0. 210 0. 041 4. 88 0. 2384
210 PR A 3T . 073 033 . 1902
AQ T Wi Bbs . 551 10T 9.78 . 1564
{510) S (A Ll . 752 . 146 [ 12. 22 . 1366
(/e i e . 986 2 10T ‘ 14. 67 . 1244

V1= Air speed in ft./sec.

d="Thickness of cylinder=0.16667 ft.

S=TFrontal area per foot run of cylinder=0.16667 sq. ft.
p= Air density=0.002378 slug/cu. ft.

! Net indicates model without holder. At 0° the increment due to end effect was negligible.
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[Elliptic cylinder 2 by 8 inches]
TABLE IX
OBSERVED DIFFERENCE I\ PRESSURE BETWEEN NOSE AND HOLES AFT OF NOSE, dp
dp= %4,, V2—p

Model at 0° pitch and 0° yaw

Air speed in miles per hour
Number of hole ‘ - ‘
‘ 2) 30 40 \ 50 60 } 70
dp in inches of alcohol on 1 to 10 slope and 0.832 specific gravity

2R e L : A! 0 0 0 0 0 | 0

P AR R ey -l .85 1. 93 3. 42 5. 33 7. 67 10. 57

Glmidla el e R ‘ 2. 17 4. 95 8. 70 13. 70 19. 65 26. 85

4Lk b L 3. 05 6. 95 12. 15 18. 92 27. 15 36. 90

/. RO W ‘ 3. 50 bl 13. 85 21. 45 30. 72 41. 67

i TR ST | 3. 60 8. 20 14. 40 22. 45 382. 17 43. 78

UL et | 3. 63 8. 32 14. 67 22. 80 32. 96 44. 75

S LT S 3570 8. 60 15. 10 23. 52 33.70 45. 88

(IS o P ) | 3. 63 8. 40 14. 83 23. 23 33.18 | 45. 33

I AT K - 3. 60 8. 30 14. 58 22. 85 32571 44. 68

1 R 3. 27 {75 13. 80 21. 35 30. 55 41. 64

AN gl s T 3. 23 7. 30 QAT 19. 64 28. 08 38. 25

113 el SESTTOVE e 3. 08 6. 68 Ll ik, 1) 24. 25 32. 563

i ‘ 2. 80 6. 05 10. 21 15. 40 21. 63 28. 90

15 LN AN ST ‘ 270 5.70 9. 44 14. 22 20. 10 26. 93

HeEel s 4 2. 50 5. 38 8. 90 13. 65 19. 50 26. 38

[ —
dp converted to inches of water
1 ( l

(el TES PN AN 0 0 0 (g e

L R e ) <07 161 . 284 . 443 -. 638 | . 879

G R SO S . 181 . 412 . 724 1. 139 1. 634 2. 233

4r B Ll 254 578 1. 010 1. 573 2. 258 i 3. 069

g ¢ e L 291 654 1. 152 1. 784 2.556 | 3.464

(ohosll A MR E 299 682 1. 197 1. 866 2. 674 | 3. 640

Tea ey - 5 B S .302 | 692 1. 220 1. 895 2. 741 ‘ 3. 721
(I B e IR 308 | ) 1. 255 1. 955 2::803 | - 3-815
(@ BTSN R 302 | 698 1. 233 1. 932 2500 (RSSO
[ {0 et e Dot 291 690 202 1. 900 2. 720 3. 715
7T 272 645 1. 148 1.775 2. 540 3. 462
[CREID= F i - St 269 616 1. 062 1. 632 2.335 | 3. 181
(3813 SN e R . 256 . 556 . 928 1. 422" 2. 017 2. 708

11 ARISESRaT O Sl .233 | . 503 . 850 1. 281 1. 800 2. 403

hv e e - . 225 . 474 AT 1. 183 1. 671 2. 240

16 Lol —— . 208 . 447 L7140 | 1. 135 1. 621 2. 194

\
|
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[Elliptic eylinder 2 by 8 inches]
TABLE X

POINT PRESSURE, p, IN INCHES OF WATER AT THE 16 HOLES
1 2
D=0 Vi=ip

Model at 0° pitch and 0° yaw

Air speed in miles per hour
Number of
hole
20 30 40 50 60 70
I 0 i el +0. 196 +0. 444 -+ 0. 786 +1. 230 ‘ +1. 771 +2. 411
et Ry i R . 125 . 283 . 502 S8 | 1. 133 1. 532
S Lot e Sl +. 015 +. 032 +. 062 +.091 | +. 137 +. 178
A . 058 =184 ~. 224 343 | —.487 —. 658
(SN R —. 095 —. 210 —. 366 —. 554 | —. 785 —1. 053
(H5ELE S | —. 103 —. 238 —. 41 —. 636 | —a902 —1. 229
Tt N —. 106 —. 248 —. 434 —. 665 | —. 970 —1.310
[ et e Rl —. 112 — 202 —. 469 —. 725 —1. 032 —1. 404
(2 IS SO —. 106 —, 254 [ —. 447 —. 702 —. 988 | —1. 359
10 cl07e % —. 095 — 24601 —:426 —a070 —. 949 | —1.304
) 1 Rl s N —. 076 [ — 201 —. 362 —. 545 —. 769 —1. 051
| A R U —. 073 by P =206 —. 402 —. 564 —. 770
g AEICT R —. 060 —ed il —. 142 —. 192 —. 246 —. 297
1 I o S S — 087 —. 059 —. 064 —. 051 —. 029 —+. 008
i S Nl —. 029 —=2030 -+. 001 +. 047 -+. 100 byl
G e e —. 012 —. 003 —+. 046 =96 +. 150 +. 217
|

[Elliptic cylinder 2 by 8 inches] .
TABLE XI

1
POINT PRESSURE IN TERMS OF NOSE PRESSURE p/5»oV? AT VARIOUS AIR SPEEDS

Model at 0° pitch and 0° yaw

Air speed in miles per hour
Number of yars L
hole
20 30 40 50 60 ‘ 70
|

o2 B AR e T -+ 1. 000 -+ 1. 000 -+1. 000 -+ 1. 000 T R0005 (F =18 000
Qocons 08 . 638 . 638 . 639 . 640 . 640 | . 637
GE R L =207 +. 072 =8079 +. 074 +. 077 +. 074
e S e —. 296 —..302 —. 285 —. 279 — 275 ‘ —
HERrali ALt Hal —. 485 —. 473 —. 465 —. 450 A4S0 8 il 3
(¢ Al RN e —. 525 —. 535 —. 522 SOl —. 509 —+ 809
L R —. 544 —. 559 —:1560 —. 541 —. 547 —. 543
SEC % ol —. 574 — 61 —. 596 —. 589 —. 582 —. 583
QRb s S L —. 544 —. 572 —. 569 —. 5671 —.657, | —. 564
LOZ8 5 el A —. 485 —. 554 —. 542 —. 545 —. 835 | —. 542
ey —. 388 —. 454 —. 460 g4yl RG] ot
1 R =372 —. 388 = o0l =821 —. 318 —. 319
1L B T — 1306 —. 1252 —. 180 —. 156 —. 139 —. 123
J4- .= 2 — 189 =148 =081 —041: " | — 01611 | -+. 003
IHlu e &8 —. 148 —. 068 +. 001 +.038 | 4. 056 | 0L
16—t —2061 —. 007 ~+. 059 =077 +. 085 4. 090
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{Elliptic cylinder 2 by 8 inches]

TABLE XII

ALONG-STREAM FORCES PER FOOT RUN OF CYLINDER EXPRESSED IN POUNDS AND IN TERMS OF TOTAL
MEASURED DRAG

Model at 0° pitch and 0° yaw

} Downstream Upstream ‘ ‘ Fricti 1

Air speed Pressural drag | "(‘Ir_l]‘é"“ Total drag

l (M. P. H.) \ I : ‘ Dy=pi—ps | D D=D,+Dy

Push Suction Total p; Push Suction Total pe !
Pounds per foot run
I ATIRS Al i ‘ S Pk 1) Y
| |

20E et e B 0. 0282 | 0.0490 | 0. 0772 | O 0. 0548 | 0. 0548 | 0. 0224 | 0. 019 0. 041
BOE= 0 B . 0633 . 0921 . 1554 | O . 1222 . 1222 . 0332 . 040 . 073
)51 0 1l e < 1125 . 1406 . 2531 | . 0068 . 2134 . 2202 . 0329 . 074 5 107
et M ( .1761 . 2044 .3805 | . 0196 . 3311 . 3507 . 0298 . 116 . 146
QUECE T . 2536 . 2855 . 5391 | . 0378 . 4734 . 5112 . 0279 . 163 . 191
O e . 3450 . 3807 SH25T . 0608 . 6363 . 6971 | 0286 Sl S IE SIS I S s

‘ Per cent of total measured drag

\ R ‘ 5 ‘ i,

[ 20 Sl gk 5 69 120 189 0 134 134 55 | 45 100
SOL o« LIRS f 87 126 213 0 167 167 ‘ 46 54 100
4008 0 B 105 131 236 6 199 205 31 69 ‘ 100
I e 121 140 261 13 | 227 240 21 79 100
60 L334 149 282 20 248 268 14 86 ‘ 100
74 VISR A4 (A O Yoo | S L il foe SO S Y SrEI ‘
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
(parallel d
Perisaatd Sym- ’;0 1?1‘;)13 Designa- | Sym- Positive Designa- | Sym- (({gg}e;g- Anval
CHLERAION bol y tion bol direction tion bol [nent along DEIHE
axis)
Longitudinal___| X X rolling: = 05 L Y——Z | roll______ ) u P
Lateral . 1wl - Y ¥ pitching____| M Z—— X | pitch_____ e v q
Normal: - 2= Z Z yawing_____ N X——>Y | yaw_.___ N4 w T
Absolute coefficients of moment Angle of set of control surface (relative to neu-
o T o M o N tral position), 6. (Indicate surface by proper
L EghSh X TgeR T glS subscript.)
4. PROPELLER SYMBOLS
D, Diameter. T, Thrust.
p., IEffective pitch Q, Torque.
Py, Mean geometric pitch. P, Power.
ps, Standard pitch. (If “coeflicients” are introduced all
Py, Zero thrust. units used must be consistent.)
Pay  Zero torque. 7, Efficiency=T7 V/P.
p/D, Pitch ratio. n, Revolutions per sec., r. p. s.
V’, Inflow velocity. N, Revolutions per minute., R. P. M.
i . locity. : :
Vo insgtroant pelociy ®, Effective helix angle =mn“( b )
2mrn
5. NUMERICAL RELATIONS
1 HP=76.04 kg/m/sec. =550 1b./ft./sec. 1 1b.=0.4535924277 kg.
1 kg/m/sec. =0.01315 HP. 1 kg —2.2046224 Ib.
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.




