REPORT No. 751

THE MEAN AERODYNAMIC CHORD AND
THE AERODYNAMIC CENTER OF A TAPERED WING

By Wairer 8. DignL

SUMMARY

A prehmmary study of pitching-moment data on
taperéd wings indicated that excellent agreement with test
data was obtained by locating the guarter-chord point of
the aserage chord on the average quarter-chord point of the
semispan. The gtudy was therefore extended to include
most of the available data on tapered-wing models tested
by the NACA.

The final comparisons were made on the basis of the
differences between the location of the aerodynamic center
as determined by calculation and by test. The agreement
obtained when the mean quarter-chord point was located
by geometry alone was appreciably better than that obtained
by introducing aerodynamic corrections. Since the wing
models included exireme conditions of taper, sweepback,
and twist, it is evident that the calculations required fo
determine the mean aerodynamié chord may be greatly
simplified and at the same time give improved accuracy.

INTRODUCTION

The mean aerodynemic chord of any wing is defined
by reference 1 as, “The chord of an imaginary airfoil
which would have force vectors throughout the flight
range identical with those of the actual wing or wings.”

The mean aerodynamic chord is required in order
that the designer may have & ready means for evaluat-
ing the wing moments. By definition, the mean aero-
dynamie chord is to be so located that its force vectors
are identicel with those of the actual wing. Several
factors are involved in this substitution. In addition
to the length of the mean aerodynamic chord, its loca-
tion must be determined.

Conventional methods for caleulating the mean sero-
dynamic chord have attempted to apply corrections for
all factors known to be involved. The calculations
required to- allow for lift distribution, wing twist, and
tip shape tend to becomse very complex. Comparison
of calculated values for generally similar wings have
sometimes failed to show as close an agreement as might
have been expected. Comparison of calculated values

with the locations of the aerodynemic centers found in
wing-model tests has indicated in some cases that either
the calculations or the model tests were inaccyrats.
The maximum deviations noted have been of the order
of 5 percent of the mean chord.

Trial comparisons were made in several cases to find
the magnitude of the error involved in using the average
mean chord length instead of & chord length adjusted
on the basis of aerodynamic fectors. In comparison
with model test data, the average mean chord was
found to give surprisingly good agreement. A sys-
tematic study was therefore made on ell available test
data in order to determine whether or not & revision
in the method of calculation of mean serodynamic
chord was indicated. As will be shown, a revision is
indicated on the grounds of improved accuracy and
marked su:nph.ﬁca.tlon of method. No mean chérd
has been found that is better than a simple average
mesan chord so located at the centroid of the semispan
as to have its quarter-chord point coinciding with the
geometrical average quarter-chord point for the semi-
gpan. This mean chord is converted to a mean sero-
dynamic chord by a simple fore-and-aft shift depend-

‘ing on the factors that affect the location of the

aerodynamic center.

MEAN CHORD OF A WING PANEL

Since an airplane wing is symmetrically disposed with
respect to the X axis, it is necessary to consider only
the half-span. The determination of the mean chord
starts with the division of the semispan into convenient
panels. In the simple case the taper is uniform from
root to tip, and only one panel need be considered. In
& more general case there is a constant-chord roct panel
with & uniform taper on the outer panel, requiring the
considerstion of the two panels separately. In some
wings there may be two or more panels with different
values of taper and dihedral. In any case, the determi-
nation of the length and location of the mean aero-
dynamic chord is based on the following assumptions:
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(a) The mean chord is equal to the area divided by
the span ¢=S/b.

(b) Lift and moment distributions are uniform.

(c) It is unnecessary to apply corrections for minor
details in the wing plan form such as fairings, fillets, or
moderate radii at the wing tip. (For large fairings,
fillets, or tip rounding, thbe actual pro;ected area and
actual local chord would be used. )

(d) The mean aerodynamic chord is located la,terally,
fore and aft, and vertically by letting its quarter-chord
point coincide with the geometrical average quarter-
chord point for the semispan.

Assuming that the wing has dihedral, there are three
coordinates required to locate the mean aerodynamic
chord. It will be located laterally in the z—z plane
that contains the center of areg of the wing on one side
of the plane of symmetry. The fore-and-aft and the
vertical locations must be determined by summation
of corresponding moments. The summaticn of the
moments for a simple wing is best done by dividing
into panels, finding center of area and average chord
of each panel, as shown on figure 1, and obtaining 7 from
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F10URE 1,—Center of area of & wing panel,

The same result can be ohtained analytically by inte-
grating along a panel, since
b
635={ch/(dy (2)

For a.simple taper the wing chord can be expressed as

e=co—Ay @
and the z coordinate of the quarter-chord point by
Lo =2o+By '4)

The integral of equation (2) is
bcz—-[bcoxo+ (Beo— Axo)———b”:l (5)

A graphicsl integration may be used for a wing
having a plan form that is not readily divided into
panels; for example; an elliptical plan form. The prod-
ucts cy and cz plotted against span give curves, the
ares under which is proportional to 8% and S%, respec-
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tively. This method is described and illustrated by an
exemple in a later section of this report.

COMPARISON OF CALCULATED AND EXPERIMENTAL
DATA

The comparison of a calculated mean chord with a
model test may be made in any manner that satisfies
the equivalence of the force vectors, but the use of the
aerodynamic center is by far the casiest method.of ac-
complishing this end. In this method the coordinates
of the quarter-chord point or of the aerodynamic center
obtained from the calculations are compared with the
values obtained from the model test. The moment
curves from model test data define an aerodynamic
center in all cases where an aerodynamic center actu-
ally exists. It is general practice in the current NACA
reports to include the coordinaies of the aerodynamic
center in presenting test data. The calculations out-
lined in the previous section locate the quarter-chord
point for the mean chord. The serodynamic center
normally lies forward of the quarter-chord point by an
amount depending on camber and thickness. Table I
gives the effect of thickness on the position of the aero-
dynamic center for five wing sections in the NACA
series. ‘There appears to be considerable scattering in
the data but this is probably due to the magnification
that results from using the distance between the aero-
dynamic center and the ¢/4 point. In the plotting of
these data in figure 2, it will be noted thut in the range
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F10URE 3.~ Acrodynamio center variation with thickness ana camber.

of useful thickness ratios the maximum deviation is
about 04, or four-tenths of 1 percent of the chord.
The test data on these wing sections were obtained in
the original variable-density tunnel with models having
5-inch chord, so that the uncertainty in the location of
the aerodynamic center was only 0.020 inch.
Comparison between calculated and experimentally
determined locations of the aerodynamic center are
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given in tables IT and III. With the exception of the
first two wings listed, the models in table II had sweep-
back in the quarter-chord line. This sweepback was
uniform along the span for all except the last two wings,
which have a constant-chord center section. Columns
3 to 10 inclusive define the geometry of the wing.
Column 13 is the shift in the ¢/4 point due to sweepback
and it is referred to the ¢/4 point at the root section.
Column 15 is the fore-and-aft location of the ¢/4 point
referred to the leading edge of the root section. The
corresponding aerodynamic center, column 17, is
obtained by applying the inerement, column 16, taken
from table I or figure2. Note that the values in column
17 are based on the wing geometry, without correction
for span distribution of lift. Column 18 contains the
corresponding velues listed in teble I of reference 5.
Note that the values in column 18 are based on the span
distribution’ of lift. Column 19 gives the location of
the aerodynamic center shown by the model test data.
Columns 20 and 21 confain the differences between
calculated values in columns 17 and 18 and the test
data values in column 19. An inspection of columns
20 and 21 shows that the aerodynamic center is given
with greater accuracy when the span distribution of
1ift is ignored than when it is considered. The maxi-
mum apparent error in column 21 is about three times
greater, and the average apparent error four times
greater than in column 20.

The comparison is continued in table III with =
group of wings having the quarter-chord points on a
straight line. For such a wing it is assumed that th8
quarter-chord point of the mean chord must lie on this
same line, and the aerodynamic center of the wing will
therefore be located ahead by the distance given in
table I or figure 2. The values In the last column of
table IIT verify this assumption.

EFFECT OF FLAPS ON AERODYNAMIC CENTER

The test data on related airfoil series, as in table I,
indicate that the aerodynamic center is affected very
much more by thickness than by camber. Conse-
quenfly, there should not be very much shift in the
aerodynamic center unless there is an appreciable
change in the effective wing chord as a flap is lowered.

The test date in reference 6 indicate a slight forward
shift; of the aerodynamic center due to 20 percent chord
plain flaps at 20°. The locations of the aerodynamic
center from the reference point were as follows:

Flap span
m _ €. 30 0. 50 0.70
Locstionofa.c. .210 . 207 . 201 . 193

The data in reference 7 do not include aerodynamic
centers, but inspection of the moment curves on figures 8
and 9 indicates a general, slight shift for split and plain
flaps. The shift for Fowler flaps, as shown on figure 11,
is rearward and rather large. A brief study of the

Fowler flap data in reference 8 gives approximate
serodynamic-center locations, for &, =40°, as follows:

Flap chord .

Wing chord 0 0.20 0.30 0.40

Aerodynamic . 239 .315 . 353 . 378
center.

AX,.. 0 . 076 . 114 . 139

This shift in the serodynsmic center appears to be
about 50 percent greater than the shift in ¢/4 point.

The calculation of mean aerodynamic-chord position
must consider the factors that shift the aerodynamic
center. In the case of plain or split flaps the shift is
small. In the case of Fowler flaps it is large and ap-
proximately proportional to the shift in the quarter-
chord point due to the change in plan form with extended
flaps. A further analysis of thess effects is highly
desirable.

EFFECT. OF FUSELAGE INTERFERENCE ON LOCATION
OF AERODYNAMIC CENTER

There is a definite forward shift in the aerodynamic
center of a wing due to the addition of a fuselage or of
nacelles. This effect is due chiefly to the unstable
moment on & streamline form, so that the magnitude of
the shift in the aerodynamic center will depend on the
relative size and location of the wing.
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The influencé of wing location along the fuselage
axis, for one particular wing-fuselage combination, may
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be obtained from figure 14 and table V of reference 9.
These data have been plotted in figure 3 to show the
general magnitude of the shift. Three groups of models
are included in the plotting on figure 3. In the first
group, models 1, 3, 7, 11, and 13, the wing was on the
fuselage axis. In the second group, models 48, 42, 53,
and 58, the wing was located in a plane parallel to, and
54 percent of, the chord length above the fuselage axis.
In the third group, models 99, 83, 104, and 109, the
wing was located in a plane parallel to, and 54 percent
of, the chord length below the fuselage axis. The for-
ward shift in the aerodynamic center is given by

AXa.c,=_0.148 X/L (6)

where X is the location of the quarter-chord point of
the wing along the fuselage axis and L is the length of
the fuselage.

It is important to recognize the limitations on the
data in figure 3 and, consequently, for equation (6).
The only factors covered are the vertical and the hori-
zontal location of the wing ¢/4 point. The test data
in reference 9 include the effect of wing incidence, which
was small for the range normally employed, and the
effect of change in wing section, which also appears
small. The tests did not include systematic change in
relative size of wing and fuselage, which is likely to
prove a major factor. Until such tests are made it will
be necessary to rely on figure 3 or equation (6) with
such modification as may appear to give reasonable
compensation for a change in relative size of the fuselage.
The force on the fuselage should vary approximately
as its projected horizontal area, or as LD, and the
moment arm of this force should vary as L. These
factors can be introduced as the ratios LD/S and L/e.
For the wing model in reference 9 the area was S=150
square inches and the chord ¢=5.00 inches. The di-

mensions of the original round fuselage model were:.

length, £==20.156 inches; and diameter, D=3.44 inches.
Hence, LD/S=0.462, and L/c=4.03. Introducing these
into equation (6) giveS'

Lfc
AX,.=—0148 F [0 0.4625°3.03 03]

~2uem (5 (D) ()

A limited check on equation (7) may be obtained from
the tests on a rectangular fuselage model in reference 9.
The rectangular model had the same length, £==20.156
inches, as the circular-section model, but the width of
the rectangular model was D=2.702 inches, giving
LD/8=0.363 instead of LD/S=0.462. The ratio is

(LD|S) rectangular section 0.363
(ZD[S) circular section ~ 0.462

)

o=().786

‘and the values of AX, .. should be in the same ratio.
The following data from table V of reference 9 are on
comparable models:
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Circular-section

medel__________ 7 118 185 186
Corresponding rec-

tangular-section

model.__.______ 204 206 208 209
Circular section,

measured AX,.. —.035 —.041 —.026 —.040
Rectangular section,

calculated AX,, —.027 —.032 —.020 —.031
Rectangularsection,

measured AX, .. —. 023*' —. 028 —.019 —.034
Difference. . .. ._._ . 004 . 004 .001 —.003

From these comparisons it is concluded that the ratios
in equation (7) compensate for most of the effect dus to
relative size of fuselage and wing. Hence the aerody-
namic center or the mean chord, previously determined
for a-plain wing, must be moved forward by the amount
given by equation (7) when fuselage interference is
present.

Nacelles are known to have an effect on the a. ¢. that
is generally similar to the forward shift obtained with a
fuselage. Analysis of wind tunnel test data indicate,
however, that the forward shift in the ¢. ¢ due to a
nacelle is inclined to be erratic Since it was impracti-
cable to separate all of the variables involved in any
full comparison of these unrelated tests, no specific data
on nacelles will be presented. In the absence of test
data on a comparable nacelle-wing arrangement, an
estimate of the effect of a nacelle can be obtained from
dquation (7), but it is necessary that any value so ob-
tained be regarded as an approximation subject to con-
siderable modification.

There is & great need for a systematic investigation of
the effects of fuselages and nacelles on the aerodynamic
center of a wing, since with these data it should be pos-
sible ‘to reduce or eliminate much of the effort often
required to obtain satisfactory longitudinal stability
and control with unfavorable center of gravity locations.

STEPS REQUIRED TO LOCATE MEAN CHORD

The steps required to locate the mean chord of a
monoplane wing are as follows:
1. Calculate the mean chord ¢=S/b where S is the
wing area and b is its span.
2. Consider the wing on one side of center line and
divide into & convenient number of panels.
3. Find the area AS of each panel.

4. Find the center of area of each panel (See fig. 1.)

5. Find the conter of area of the wing by taking
moments about the center line
(Aslyl) + (A‘Szyi) (8)
AS +AS,;

6. Locate the quarter-chord points for the chord
through the center of area of each pancl.



7. Find the chordwise distances, #;, 2z . . . of these
quarter-chord points mesasured from some con-
venient transverse axis, such as the leading edge
of the root section.

8. Find the fore-and-aft location of the mean quarter-
chord pomt z, by taking moments about s trans-
verse axis

9. Locate the mesan chord ¢ in a plane through the
center of area (step 5) and, in the absence of
interference effects, with its quarter-chord point
at the point z calculated by equation (9).

10. Calculate the total shift in the aerodynamic center
AX, . due to flaps and to fuselage interference.
(See equation (7).}

11. Shift the mean chord in the same direction and by
the same amount as the shift, AX,., in the
serodynamic center. This gives the-location of

_ the mean aerodynamic chord. :
Ini accordance with the usual conventions regarding
signs AX, .. is negative when thé aerodynemic center
is shifted forward.

EXAMPLE OF CALCULATION

As an example of the calculation of mean aerody-
namic chord, consider the wing shown in figure 4.
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FigURE 4—Tapered wing. Model No. 14 [n tabls IT.

This wing has been tested by the NACA and is listed as
model.14 in table IT. The span of the modal was b=15
feet and the actual area was given as S=32.14 square
feet. If there were no rounding of the tips the area
would have been §=32.32 square feet. The rounding
at the tip may be sufficient to influence the results, so
that four methods of calculation must be considered, as
follows:

I. Use actual span and actual area, neglecting all

other effects of the rounded tip.

II. Use actual span and a corrected area corre-
sponding to the extension of the taper (without
rounding) to the extreme tip.

ITI. Use actusal area and a corrected span, decreased
by the amount required to compensate for the
area removed by the rounding.
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IV. Use a graphical integration of the curves ob-
tained by pIottmg the products oy and ex along
the span. ¢ is the local chord, y is the distance
from. the center line, and zis the distance of the
¢f4 point from the transverse reference line.

Calculations required for the graphical integration,

method IV, are given in table IV and the corresponding
curves are plotted on figure 5. The area under the
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FIcURE 5.—Graphical solution for centrofd and quarter-chord point.

¢y curve is found to be Ay=25.28 square inches. Hach
square inch under this curve represents 2 square feet X
1.0 foot=2 cubic feet. Hence the area under the curve
represents 25.28X2==>50.56 cubic feet. This is the
product of the area by the lateral centroid, S7. The
area is 16.07 square feet, so that

Sy 50.56

=8 1607

In the same manner the area under the er curves is
found to be Ax=39.33 square inches. Each square
inch represents 0.4 square foot X1 foot=0.4 cubic foot,
so that the total area under the curve represents

=3.15 feet

39.33X0.4=15.73 cubic feet. Hence, .
£="2=10T3_ 479 foot

The calculations by the four methods are collected in
table V. Comparison of the § and the Xa.c. values
shows a very close agreement. From this agreement,
it appears immaterial which of the four methods is used.
For 2 simple wing, either method I or method IT would
be favored, while for an elliptical plan form method IV
would be easier.

DISCUSSION AND RECOMMENDATIONS

There are two operations required in the determina-
tion of the mean chord of a wing. The first is the ques-
tion of length and it has been shown that the simple
average chord, or average chord, obtsined by dividing
the area by the span is fully satisfactory. The second



418

operation is to locate the mean chord ¢=S/b, so that
it becomes a mean aerodynamic chord. This operation
is more readily understood if the purpose of the mean
aerodynamic chord is considered.

The factor that the designer really requires is the
location of the aerodynamic center of a wing. The
basic problem is, therefore, the location of the aero-
dynamic center by a summation of the fore-and-aft
shifts due to the major factors present in the design.
The first step in the location of the aerodynamic center
is the calculation of the coordinates of the weighted
average quarter-chord point for the semispan.” The
serodynamic center will, in general, lie ahead of this
reference point. First, there will be a basic aerody-
namic-center position, corresponding to the average
wing-section thickness, as shown by figure 2. There
will be additional increments dye to flaps and to fuse-
lage interference. The sum of these increments locates
serodynamic center. If the mean chord is now so
located that its basic-section aerodynamic center coin-
cides with the aerodynamic center of the wing, then
the mean chord becomes a true mean aerodynamic
chord and serves as an accurate reference for wing
moments.

The present analysis has been based on tests in which
the determination of aerodynamic centers was more or
less routine. Itishighly desirable that more attention
be given to the determination of serodynamic centers in
all wind-tunnel tests, since the longitudinal stability of
an airplane will be adversely affected by incorrect rela-
tive location of the wing and the center of gravity. In
this connection, attention is particularly invited to the
forward shift in the aerodynamic center due to fuselage
interference, as given by equation (7). Failure to allow
for this shift will lead the designer to locate the sirplane
center of gravity too far aft. This effect is of sufficient
importence to justify special tests with a systematic
variation in wing and fuselage dimensions.

The problem of the nacelle appears to require special
attention. No effort has been made in this report to
attempt a correlation of the erratic variation formed in
nacelle test data, but it is quite probable that the mo-
ments due to both fuselage and nacelle can be corre-
lated with Munk’s theoretical moments for streamline
bodies. In any event the need for a systematic study
of nacelles is probably greater than that for fuselages
but it seems desirable that they be combined.
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It is also quite apparent that more data on aecrody~
namic centers will be required for various types of flap.
The collection and correlation of these date will require
considerable research, probably involving special tests,
which are fully justified in the elimination of another
design uncertainty.

Bureavu or AEroNaUTICS, NAVY DEPARTMENT,
WasmingToN, D. C., June 16, 1942,
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Re1s0..fodo | m| am|.ws| e amas| amee| 16 | 0 | 8 [1ss| .se7| .sss| ,ee0 | 000 .es| .em| o8 (~.003 |03 | Fig. 5 Rep o2t ooooo. | 7
00-15-845. ... {.-...00. .o..... 1| 4m| s8] 6| aRas| aRw| 15 |-34s| 908|138 87| 88| ,e00 [ —00 | e8| .04 | .07 | .002 [~.015 | Flg, 6 Rep o7...........| 8
00-18-3.48. ... ——\——/; 41 &| 25| 6| coix| .oo0p| 15 |~845| 308|120 82| 40| .73 |—010| 73| .720 | .784 |—.022 |=,004 | Plg, 7, Rep, 6F7..oceenn 0
Ok Y...... <> si| &) sl o|CarkYicClarv| 63| o | ,m|rner| s ar|  sr| —000 | s8] ... 862 |04 |........| Fig. 4 Rep, 011, ..o | 10
onm:v......@ g3 oa| a| o|Owky|Omky| 24 [0 | ,0a2|nas| com8| 00| 88| ~o0m| s0].....| 88|~ o). Fig, 6, Rep: 1l.neeeeonef 11
2013, ......... | amjves|.aa| of mmz| soiz| ee7| 0 | zafraso| 28| .s0| .59 |00 550 | .500( .861| .008| .008 [ Fig, 12, Rep. 668.o....ouc| 12
WingIL....| T T—D| ™| tar|.ess| 7| o) 000| % | 0 L.l 906| 2e4| 38| 482 | -0 .472| 460 | 486 | .007 {-.001 | Unpublished NAOA test.| 13
Wing VI..... <11 13 L7444 7] 2a018| 23009 | Y1686 ] O |....... 3% | 140 | -, 818 A | =010 [ 49| 40| 4010  [—000 |-eenn@Oieneieeeinenns )
Averago apparent error..|. ... SRR PP 1 N PO i SO IS NSO S ST (RN ISR PR I TP S 1 S —.um'—-.ou'l ........... cemmmememeacummer|amanre

*Outer panel only,
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TABLE III—COMPARISON OF AERODYNAMIC CENTER OBTAINED BY CALCULATION AND BY MODEL TESTS
TAPERED WINGS WITHOUT SWEEPBACK IN ¢/4 LINE

Bection Asrodynamie conter
Taper | Aspect Differ-
. Model ratfo ratle | A tﬂ?a ence Reference
Root Tip for saction model
estimated wing *
NACA M6.......... M6-18 Mo-2 2:1 [ —0.010 ] —o0.017 0.007 | Fig. 9. Rep. 627
Clark Y .. CYM-I18! CYM-9 2:1 6 -. 010 -~ 020 .010 | Fig. 10, Rep. 827
2015-00._ 22015 2:1 -] —. 010 —. 014 .004 | Fig. 11, Rep. 627,
. 23018 23000 2:1 1] =01 —. 020 .00 | Fig. 13, Rep. 637,
10-18...._ 23018 23000 3:1 10 ~. 011 —.013 . 002
5-10-16. 23016 23008 5:1 in - 010 ~—. 011 001
5-10-18_. 23018 23000 5:1 10 ~.01 - .002
5-13-18. 23016 23009 5:1 12 -.010 —, 016 . 008
5-12-20. . 23000 &:1 12 —. 012 -. 010 . 002
0018~09........ . . 0018 . 0009 2:1 6 -, 010 —. 020 . 008
2018-BD/D........ 23013 43010 1,6:1 8 -. 009 -. 041 .012
4412 e 4412 [ 23 b3 P— 8 —. 008 —. 018 . 000

*From data in table ¥, NACA Rep. No. 628, and table ITI, NACA Rep. No. 680.

T%%‘LgEnggﬁ')rﬁN]F)‘oﬁE EI%?.A%HA]:[R(:J’IA}ER 8%16%%%%‘%%1; TABLE V.—CALCULATION OF MEAN AERODYNAMIC
FOR WING SHOWN ON FIGURE 4. CHORD FOR WING SHOWN ON FIGURE 4
Method I o m | v
Lateral Chard /4 point

distance cy | ez Total azes § (8 ft) ..o oecuaoamemememmomec| 8214 | 2232 | 3214 214
& ac @ ar z Span § ). 100 J1s00 |1481 [18.00
Mean chord ¢=S/b. a1 | 218 [ 217 a1

TIP chord CF (1), o mmreeme e emcceemneae | e | oes | 008 |0
9% iz ot I R g 8pan of outer panel by (Rt)...oommoennneansonnnn 478 | 47 | LO85 |48
g7 272 ‘630 | 740 | Las Centreld of outer panel Afy. ... coceonaoas 200 [ 200 | LO6 [......
72 2248 059 | 874 | 225 Cantroid of outer panel famfi-+Af..... . vene| 473 ] 4T | a0 |
- Lo TR R Ares of 1nner DBNAL AB- - muenerennsaromsens 740 | 140 | 740 [7.40
6.93 1.4%0 1655 | a8 | %35 Ares of duter panel A8y .....cecuuraeeoiannan 867 | 876 | 8OV |S&%
6.72 1.234 1704 | 830 | 223 ASHAR. e as 1607 | 1618 | 1607 |te07
1.0 Lo Ls o T2 AR Ay emeconeceeanmeiaaee e aanaeann —| .92 | sL3a7 | 0.70Y......
7.3 .85 196 | &16 | Lét ABFAAID. e emaeeeema .| 50.988 | BL4LL [ 50,818 |......
7.8 .72 198 | &2 LW Latersl 0untrold §. .. coeenoresrmnmecnneeennd| 317 | .38 | 316 [ 316
e R wo| A ™ £ at centroid of center panel............... - ®| .| 8] .6
) afy at conirold of outer panak. . ... oiooiaooos N .08 - P
24(mZi-{-Afy) centrold of outer panel . ____. 1.2¢ LM L3 |eious
A% 1. 10.751 | 10962 | 10,884 |... ...
AS B+AS Ao o] 20,783 | 25900 | 15808 |..._.
!fota’{.,-..}(rﬁetmuhhleadln:adzeot { .2 om| .om| .o
[ -/ S center saction). 488 458 458 | (487
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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metrie _English
Symbol Abbrevi Abbrevi
revia- revia-
Unit tion Unit tion
Length_ _.__. I meter. . . m foot (ormile) . ________ ft (or mi)
Time. - ... 13 seoond. oo 8 second (or hour)..____.. sec (or hr)
Force________ F weight of 1 kilogram ______ kg weight of 1 pound.______ Ih
Power______. P horsepbwer (metriey .| _________ horsepower. _.________ hp
s Vv kilometers per hour______ kph miles perhour________. mph
peed....... meters persecond__.__.__| 1mps feet persecond. .._____ fps
" 2. GENERAL SYMBOLS
Weight=mg » Kinematic viscosity _
Standard acceleration of gravity—=9.80666 m/s* Density (mass per unit volume})

or 32.1740 ft/sect
M W
asg=— .

Moment of inertia=mk® (Indicate axis of
radius of ggrration k by proper subseript.)
Coefficient of viscosity

Standard density of dry air, 0.12497 kg-m—*s? at 15° C
and 760 mm; or 0.002378 fb-ft—*sec?

Specific weight of ‘““standard” air, 1.2255 kg/m® or
0.07651 Ibfeu ft -

3. AERODYNAMIC SYMBOLS .

Area

Ares of wing -
Gap

Span

Chord

g
, Aspect ratio, %
True sir speed
Dynamic pressure, épV'

. . L
Lift, absolute coefficient 0;,=6:<,

Drag, absolute coefficient 0D=S_Z%

Profile drag, absolute coefficient GD,,=%,

Induced drag, absolute coefficient C‘m=%

Parasite drag, absolute coefficient Op,?;—?‘g

Cross-wind force, absolute coefficient 0c=g%.
2626°

Angle of setting of wings (relative to thrust line)

1 Angle of stabilizer setfing (relative to thrust
line)

Q Resultant moment

Q Resultant angular velocity

B

Reynolds number, p—? where ! is a linear dimen-

sion (e.g., for an airfoil of 1.0 ft chord, 100 mpk,
standard pressure at 15° C, the corresponding
Reynolds number is 935,400; or for an airfoil
of 1.0 m chord, 100 mps, the corresponding
Reynolds number is 6,865,000)

Angle of attack

Angle of downwash

ag  Angle of attack, infinite aspeet ratio

as Angle of attack, induced

Ge Angle of attack, absolute (measured from zero-

lift position)
7 Flight-path angle
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Positive direotions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Foroe
8 :xanmgl ) Positi Desi 8 (Lim”r
) - . - ositive esfgna~- -| (com
Designation gol aymbol | Designation ggll direction tig: [‘;ol nent along Angular
axis)
Longitudinal . ___. X X | Rolling.__.j L Y—Z | Roll.._.. v u »
Lateral . . .._.... Y Y Pitching____| M Z——X Pitch.___| ¢ v q
Normal. .. oo V.4 Z Yawing....] N X—Y Yaw_._.. ¥ w r
Absolute czefﬁcients of moment N Angle of ;set. of I;odz:trol sull:ifa.ce b(relatwe to neutral
_ - _ _ position), 8. (Indicate surface by proper subscnpt)
Or=at3. -5 =8

(rollng)  (pitching)  (vawing)

4. PROPELLER SYMBOLS

D Diameter

P Geometric pitch
p/D  Pitch ratio

v’ Inflow velocity

V. Slipstream velocity

T Thrust, absolute coefficient 0"=p_n?D‘

Q Torque, absolute coefficient _C’g="mf‘})6

P

P Power, absolute coefficient Cp= )

TR
C, Speed-power coeficient= .J o

7 - Efficiency
n  Revolutions per second, rps

& Effective helix angle— t,an"(2 )
N xrn

5. NUMERICAL RELATIONS

1 1b==0.4536 kg
1 kg=2.2046 Ib
1 mi=1,609.35 m=5,280 ft
1 m=3.2808 ft

1 hp=76.04 kg-m/s=>550 ft-1b/sec
1 metric horsepower=0.9863 hp

1 mph=0.4470 mps

1 mps=2.2369 mph

U, 5. GOVERKMENT PRIKTING OFFICE O—1948




