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PRESSURE DISTRIBUTION OVER THE FUSELAGE OF A PW-9 PURSUIT AIRPLANE
IN FLIGHT

By Ricearp V. REopE and Evaexs E. LuNDQUIisT

SUMMARY

This report presents the results obiained from pressure
distribution fests on the fuselage of a PW-9 pursuit air-
plane in @ number of conditions of flight. The investi-
gation was made to determine the contribution of the fuse-
lage to the iotal lift in conditions considered crifrcal for
the wing structure, and also to determine whether the
fuselage loads acting simulfaneously with the maximum
tail loads were of such a character as to be of concern with
respect to the structural design of other parts of the air-
plame The tests were conducted by the National Ad-
visory Committee for Aeronautics at Langley Field, Va .
during the spring of 1929.

The results show that the contribution of the fuselage
toward the total lif is small on this airplane, ranging
from slightly less than 8 per cent al the lower angles of
attack to about 4 per cent at the higher angles, which ap-
proximately compensales for the portion of the wing area
replaced by the fuselage. Aerodynamic loads on the
fuselage are, in general, unimportant from the structural
viewpoint, and in most cases they are of such character
that, if neglected, a conservative design resulls. In spins,
aerodynamic forces on the fuselage produce diving mo-
ments of appreciable magnitude and yawing moments of
small magnitude, but opposing the rotation of the airplane.

A table of cowling pressures for various maneurers 18
included in the report.

INTRODUCTION

Little information exists concerning the magnitude
and distribution of the aerodynamic loads which occur
on airplane fuseleges in the various conditions of flight.
While these loads have generally been considered small
and of little interest to the designer, there have been
some indications that in certain of the critical loading
conditions the fuselage loads are appreciable and might
justify their consideration in the design specifications.
This is particularly true of the high engle of attack
condition in which tests on the MB-3 (reference 1)
indicated that the fuselage supported approximately
10 per cent of the total load. In the MB-3 tests,
however, &s in all pressure distribution tests involving
only the wings or wings and tail surfaces, the fuselage
load must be determined by subtracting the sum of
the wing and tail loads from the product of the weight

of the airplane and the applied load factor as deter-
mined from an accelerometer. This method is, of
course, crude, and fuselage loads so determined include
the errors from the wing and tail loads as well as the
error from the accelerometer. The error in the fuse-
lage load, therefore, is excessive.

It was thought advisable, in view of the lack of in-
formation on the subject, to measure the loads on a
fuselage directly by means of pressure distribution
tests. Differential pressures, both normal and trans-
verse, were therefore measured except on the engine
and radiator cowlings where special conditions made
it necessary to measure pr%sures on eachk surface
separately.

Although, at present, pressure distribution tests are
the only practicable method of messuring aerody-
namic loads in flight, they can be used to determine
such loads with good precision only on surfaces having
smooth contours such as airfoils. On fuselages, which
have numerous points of discontinuity such as those
st the radiator, windshield, cockpit, ete., results from
pressure disfribution tests can be considered at best
only approximate, unless an impracticably complete
installation of pressure orificesisused. However, since
the serodynamic loads on fuselages are manifestly of
secondary importance in design, great acecuracy is not
essential to the practical value of the results.

APPABATUS AND METHOD

The airplane used in these tests was & modified
PW-9 pursuit airplane. (Fig. 1 and Table I.) From
the standpoint of the results, the modifications were
not important, consisting, principally of the substifu-
tion of a balanced and larger rudder for the original
one and a complete metal cover for the fuselage.
These changes were made in order to increase the di-
rectional stability which had been poor, and to facili-
tate the installation and meintenance of the pressure
tubes and orifices. The changes in the weight and
¢. g. loeation from their former values were negligible
and had no influence on the results.

Two views of the tubing installation are shown in
Figures 2 and 3. This installation was practically
the same as those used in other full-scale pressure
distribution investigations at Langley Field (refer-
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ences 1 and 2), in that the orifices were connected in
pairs to the manometer, and differential pressures,
that is, pressure differences between upper and lower
and right and left surfaces, were measured over most
of the fuselage. Exceptions to this procedure were
necessary in some cases, however, because of special
conditions. At the cockpit, for instance, the normal
or “vertical” pressures were measured between the
flush orifices on the lower outer skin and statie orifices
inside and beneath the flooring. On the nose, forward
of the fire wall, differential pressures between two
sides of the fuselage do not give the true resultant load
because of the existence of an internal pressure gradient
caused by the flow of air through the radiator shell.
For this reason pressures on the engine cowling were
messured directly between the external flush orifices
and specisl static orifices mounted just inside and
opposite to them. On the radiator cowlmg & different
procedure had to be followed, since the air velocities
were high inside the cowling. Here a double-skin
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As it was desired to determine the time relation
between the fuselage loads and the tail loads, and
because of the impracticability of measuring the tail
loads during these tests, two pairs of orifices (S and T,
indicated in the results) were installed in the leading
edges of the stabilizer and elevator, respectively.
Previous tests on the PW-9 (reference 8) had indi-
cated that the sum of the pressures on the leading
edges of the stabilizer and elevator varied roughly
in the same manner as the totsal tail load. Thus, the
curve of S+T in this report shows the trend of the
load on the horizontsl surfaces, but is not a measure
of it.

It will be noted in Figure 18 of the resulis that the
fuselage characteristics are plotted against angle of
attack. The angle of attack, for this purpose, was
obtained indirectly, no instrument being available for
measuring it during the tests. The method used
for obtaining it involved a knowledge of the accelera-
tion, air speed, weight, and slope of the lift curve of

Fi1GURE 1.—PW-9 afrplans

cowling was used and differential pressures measured
between opposite flush orifices in the double-skin,
The engine and radiator cowling installation is shown
disgrammatically in Figure 4.

The instruments used in these tests consisted of the
following:

(@) Two N. A. C. A. type 60 recording multiple
manometers (reference 2).

(b) Air-speed meter (reference 3).

(¢) Single-component accelerometer (reference 4).

(d) Turnmeter (reference 5).

(¢) Control-position recorder (reference 6).

(f) Timer (reference 7).

All these instruments, with the exception of. the
timer, give continuous photographic records over a
period of time sufficient to completely include any
maneuver. They are synchronized by means of the
timer which completes an electrical circuit periodi-
- cally (in these tests at 1-second intervals) and causes
vertical timing lines to be imposed on all records
simultaneously.

the airplane, all these quantities except the last being
measured directly.

Since
%7 n=a a;StpV?
where
n=acceleration,

a=slope of lift curve,
a, =absolute angle of attack,

(%) Gva)

this equation being applicable below the stall.
Points on the curve of Figure 18 were faken from
all the maneuvers investigated except rolls and spins.

PRECISION

The "p.recision of the results of these tests is not-
great. With the installation used, individual pres-
sures are correct to within +6 to 8 per cent, air speeds

it follows that
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within +3 to 4 per cent, and accelerations within
+0.2 g. Total loads and moments, which depend
upon the integration of curves faired through relatively
few points obtained from pressure measurements on
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RESULTS .
The results following are given in the form of load
curves, histories of maneuvers, and fuselage charac-
teristic curves. THe detailed distribution of pressure

a surface having a number of discontinuities, can be | is not presented because, in view of the purpose of

considered at best only fair approximations. An
estimation of the precision of these loads and moments
is somewhat hazardous, but it is probable that indi-

this investigation, viz, to determine the importance
of fuselage air loads in critical design conditions, such
& presentation is considered unnecessary and of little

FicUrx 2.—Alanometer installation showing pressure tubes connected

vidual total loads are correct to within about 20 per
cent. Moments about the center of gravity for any
one instant, being extremely sensitive to slight changes
in fairing the load curves, are probably not reliable
to the point of usefulness at all; but taken collectively,
however, as in Figure 18, a good idea of the trend of
the moment coefficient can be obtained as well as a
fair idea of its absolute value.
89300—32——22

interest. Engine cowling pressures are, however, given
in tabular form for a number of conditions, since these
pressures are et times of sufficient magnitude to be
of interest with respect to cowling strength.

Results are discussed in the following sequence:

(a) Steady flight conditions.

(6) Pull-ups.

(¢) Rolls and spins.

(@) Cowling pressures.
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Steady flight conditions.—The steady flight con-
ditions investigated include only those involving mo-
tions of translation without—yaw. Thus, they are
restricted to level flight and divesor steep glides. In
these conditions of flight, as would be expected, no
appreciable transverse aerodynamic forces on the
fuselage existed. The results given, therefore, refer
only to normal loads or those parallel to the Z axis of
the airplane.

Figure 6 shows the distribution of normal load along
the fuselage in level flight at air speeds from 78 to
166 m. p. h., corresponding to angles of attack rang-
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and if this could have been included, the reduction
of load at-this location would not have appeared so
pronounced.

In Figure 7 are given the normal load curves for
two dives at 200 m. p. h., one with power on, and the
other with power off. No appreciable difference can
be noticed in the two curves except for a slight increase
in the down load or interference at the wing location
for the power-on condition, probably a result of
slightly higher velocity in the slipstream.

Pull-ups.—Of a series of abrupt pull-ups from level
flight and several mild pull-outs from vertical dives,

F16urE 3.—Cowling pressure tube Installation

ing from about 8° to —2.2°. All these curves are
quite similar in character and are of interest majnly
because they show pronounced interference effects in
the region of the upper wing, viz, irom stations 5 to
9 feet. The reduction in load at-the radiator location,
1.26 feet, is also clearly indicated. This latter de-
pression is partly a result of the fact that no pressure
measurements could be taken on the radiator itself,
the curve in this region depending on pressure measure-
ments taken only on the upper surface of the fuselage.
There is probably some upward force on the radiator,

only a few representative cases are presented because
of the general similarity of all. Load curves for suc-
cessive stages of the pull-out from a vertical dive aro
given in Figure 8. The similarity of the curves is at

once_apparent and also their similarity to the curves

obtained in leve] flight. There is, however, a distinct
tendency for the load near the nose to increase with
increasing angle of attack or as the maneuver pro-
gresses. 'The history of this maneuver is better shown
in Figure 9. As will be noticed from the acccleration
record, this run starts with the airplane well into the
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dive, near zero lift; the pull-out, however, imme-
diately taking place. From these results and the
results obtained in previous pressure distribution tests
on this airplane, an idea of the extent to which the
fuselage load affects the stresses in the fuselage and
wing sfructures can be obtained. In the dive itself
the total normal Ioad on the airplane is of little inter-
est, since it is essentially zero. A heavy wing-diving-
moment exists, however, which must be balanced by
& moment supplied by the tail and the fuselage.
Normally this will be the case, although it is quite
possible that the wing and fuselage moments will add
up in the same sense and require a larger tail moment
in consequence. From Reference 8 it is found that
the tail load is 916 pounds acting down in a dive at
260 m. p. h. The corresponding tail moment about
the ¢. g. is, therefore, approximately 13,000 pound-
feet for this speed.. Assuming the attitude of the ship
and angle of attack to be approximately the same for
the dive given here, this result should be corrected
according to the ratio of the speeds squared. On
this basis the tail moment becomes 13,000 X ;gg or
7,100 pound-fest. The total moment arising from air
loads on the fuselage for this case is 640 pound-feet
or 9 per cent of the tail moment, which means that
the fuselage reduces the tail load necessary to balence
the airplane by about 8% per cent. If it is assumed
that the design tail load for the nose dive condition
is determined from a knowledge of the true wing
moments, neglecting the effect of the fuselage, the
structure will be conservatively designed throughout.

In pull-outs of this character, tail loads normally
decrease from their original high negative values and
become positive in sense, as indicated by the curve
(S+T), the positive values ususlly being less than
those encountered in certain other maneuvers, ss, for
instance, the barrel roll. Hence, the contribution of
the fuselage loads toward the total moments acting in
such pull-outs are of no practical importance and need
not be considered. In all pull-outs, however, the wings
commence to acquire an appreciable normsl component
of force in the same direction as the normal component
of force on the fuselage, and this wing load largely
determines the design of the wing structure. It isseen
from Figure 9 that throughout the puil-out, in which
meximum lift was never reached, the proportion of the
total load carried by the fuselage throughout the man-
euver is slightly less than 3 per cent so that for any
low angle of attack condition the fuselage load need
not be considered in the wing design.

Figures 10 and 11 show the load curves for two
representative abrupt pull-ups from level flight, one
with power on and the other with power off. In these
meaneuvers the angle of attack of maximum wing lift
was reached and exceeded; the load curves for
these higher angles show that the interference from the
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upper wing was reduced or that it was of smaller
megnitude with respect to other effects, so that the
fuselage load was positive throughout its length.
Differences between power-on and power-off conditions
were found to be slight.

Histories of several pull-ups are given in Figures 12
to 17. In the high angle of attack loading condition,
represented by the instant of maximum acceleration,
the proportion of the total normal load carried by the
fuselage varies from 3.75 to 4.5 per cent, an amount
which reduces the wing load in & maneuver involving
an acceleration of 6, or half the design load factor, by
approximately one-quarter of a load factor. Puf in
another way, this means an increase in margin of safety
of from 1 to about 1.04 on the basis of loads, an mcrease
hardly worth allowing for in the wing design.

A more accurate idea of the load the fuselage cames
can be obtained by referring to Figure 18. The normal
force coefficient of the fuselage is seen to vary lineally

Engine cowling

Outer metal skin
Radiafor cowling

FIoUBE 4.—DiagramZof orifice arrangement on engine and radiator cowling

with angle of attack, reaching zero at —4°. The equa-
tion of this line is found to be Oy=0.01813 («+4).

Since the Cy versus « curve for the wing cellule is
also approximately a straight line whose equation is
Cx=0.0702 (a+5.5), the ratio of the fuselage load to
the wing load is

Lr ON!Af

L, Oy A,
— 0.01613 (c+4) X 40.8
0.0702 (a+5.5)" 241.2

From this, L{L, at zero angle of attack is 0.0283 and
at 20° is 0.0368. The values obtained from the above
formula for the higher angles of attack are slightly low
since the wing lift curve is not straight up to the stalli,
but starts to fall off several degrees earlier. Hence, at
the high angles of attack the ratio of fuselage to wing
load is closer to 0.04. There is & possibility that be-
yond the stall Oy for the fuselage continues to increase
for a smaell range of angle of attack which would result
in & more rapid increase in load ratio. There is some
indication thet this is true in the results of Figures 12
to 17, for the load ratio curves show a tendency to rise
after the peek acceleration in some cases, although the
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accuracy of the data does not warrant definite con-
clusions. In any case the phenomenon would have no
practical significance from the structural standpoint.

It is of interest to note that the loss in true wing
area caused by the replacement of the middle of the
lower wing with the fuselage is approximately com-
pensated for by the fuselage itself. The wing ares
displaced by the fuselage on the PW-9 is 12 square feet
orJalmost 5 per cent of the total area. Thus the
}ift might be expected to be reduced by 5 per cent, but
the loss is partly compensated for by the fuselage

lift which ranges from about 3 to 4. per cent of the total. |

The common assumption in performance calculations,

8 C. 3] £ F & H
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this suddenly applied load in the pull-up. In such
cases it is of interest to know the relation of the
fuselage load aft of the ¢. g. to the tail load, and in
particular the relative magnitudes and directions of
moments about the ¢. g. arising from fuselage and tail
loads acting at the same instant. From an examina-
tion of the histories given in Figures 12 to 17 if is seen
that early in each maneuver when the tail load is at a
maximum negative value, the fuselage loads aft of the
c. g. are very small and for practical purposes, zero.
Moments, on the other hand, while small, are definite
but always negative in sign, opposing the moments
arising from the tail loads. The magnitudes of these
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that the wing area displaced by the fuselage has not
in effect been lost, is, therefore, fairly sound. For the
gsake of consistency this assumption might also be
carried to the structural load problems, but would
probably be unwise because it would remove & slightly
conservative factor in the design.

Abrupt pull-ups such as these under discussion, in
addition to giving rise to large wing loads at high angles
of attack, also involve a suddenly applied tail load
which may be critical for some members of the fuselage

in some designs, usually for the lower longerons aft of :

the lower wing rear spar attachment and for some of
the diagonel truss members in designs where the tail
load in the terminal dive is of less magnitude than

loads and moments are not sufficient to be of concern
with respect to stresses in the fuselage, but in so far as
they do exist, are of such a character as to reduce
slightly the moments and shears arising from the tail
load.

In the later stages of the pull-up, when the tail load
has reached a maximum positive value, the relative
fuselage loads become of greater apparent importance.
It has been pointed out in reference 8 that the maxi-~
mum up loads on the tail in sbrupt pull-ups are only
of the order of half the maximum down loads on this
airplane. Since the 3-point landing condition gener-
ally induces greater fuselage stresses than the rela-
tively low positive tail load considered salone, this
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latter case is not usually considered except in cases
where & tail skid is nof required, as on a single or twin
float seaplane. The results of this investigation
(figs. 12 to 17) show, however, that the up tail loads
may be accompanied by fuselage loads of such charac-
ter that the total aerodynamic loads and moments
are considerably greater than those of the tail alone.
From the results of Figure 38, reference 8, and Figure 14
of this report, both being time histories of abrupt pull-
ups at about 155 m. p. h., an idea of the magnitudes
of these fuselage loads and moments can be obtained.

while the moment is greater for the case of maximum
negative tail load. A discussion of the importance of
serodynamic forces on the tail and fuselage is not
complete without & proper consideration of the inertia
forces acting at the same time. In the condition of

maximum negative tail load there exists a positive

angular acceleration in pitch which tends to reduce
or in some cases possibly to nullify the effect of
gravity on masses in the after end of the fuselage.
Hence, to assume the maximum tail load as acting
when all masses aft of the lower rear wing spar,

25\

’ vf—\\ ‘/_ - [,:r 7& m.p.h.
il N T /'-\ Lb 87 m.p.A.
o S~ ] | . 4
-25
257
5 ) N T T~ fe Hemp.h.
5-25]
L3
% \ e \\ N 2,0 133 m.p.A.
Q 0 Ao = y.
0(2 25]\ AN e~
\ / \ A 2,6 /49 m.p.h.
. ol A4 /
N~ 1/
-25 =N
25] // A o N 168 m.p.br -
0 / \ . /‘ 2 (66 m.p.A.
\
25 ——
Sz . 4 M6 8 20

a 10 /2
Feet along fuselage

F1GURE 6.—Fuselage normal load curves. Lavel fiight rans. Ruan No. 4

CONDITION OF MAXTMUM NEGATIVE TAIL LOAD

| Bhear ! | Moment !
(at (about
| e g} e £)
I Pounds Poum%%d
Tall —880 | 10,
F0selage emmeeeenmanmm- V450 —280
Total _________ ‘“‘"TI —630 0
+8,

CONDITION OF MAXIMUM POSITIVE TAIL LOAD

Shear! | Moment t

(at (aboat
cg) cg)
Pounds | Pound-feet
Tail 4330 —4,000
................ +390 —3,000
DT S 1 4 —8,000

1 Fuselage shears and moments refer fo thoss arlsing from loads aft the c. g.

It is seen from the above that the total shear is
greater for the condition of meximum positive tail load

are acted upon normally by gravity is conservative.
In the condition of maximum wup tail load on the
PW-9 there still exists & positive angular acceleration
in, piteh. This is easily explained by the existence of
a large wing force vector whose line of action is
forward of that for the resultant mass force. In
addition to this angular acceleration, there is slso a
linear acceleration acting in a direction which is, for
all practical purposes, parallel to the Z axis and of a
magnitude equal to or quite close (in terms of “g™)
to the applied high angle of sttack load factor. This
linear acceleration is of much greater consequence
than the angular acceleration, so that the net result,
so far as the stresses in the after portion of the fuse-
lage are concerned, is an inertia force opposing the
aerodynamic up load on the teil and fuselage. This
inertia force is, in fact, so large that in most cases,
except where very light fuselage and tail assemblies
are used, it is greater than the aerodynamic up load
so that this latter condition is by no means to be
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considered a true criterion for the design of the fuse-
lage structure.

Rolls and spins.—Load curves and histories of right
and left barrel rolls and spins are given in Figures
19 to 26. In so far as normal loads in the rolls are
concerned, conditions are quite similar in character
to those in the abrupt pull-ups and a similar discussion ;
applies. In the rolls, however, transverse loads as

COMMITTEE FOR AERONAUTICS

CONCLUSIONS

1. The proportion of the total normal load carried
by the fuselage of the PW-9 ranges from slightly less
than 3 per cent in the low angle of attack design con-
dition, to about 4 per cent in the high angle of attack
condition which approximately compensates for the

. loss of lift of the portionh of the wing area replaced by

well as normal loads are experienced. An extended ;

analysis of the effects of these loads is not considered
worth while mainly because of the lack of quantitative
information on the inertia loads and vertical tail
surface loads acting simultaneously 'with them. A
rough quantitative analysis of the lateral forces and
moments on the basis of fuselage loads obtained |
during this investigation and tail surface and inertis

the fuselage.

2. Aerodynamic loads on the fuselage are, in genera]

unimportant from the structural viewpoint; and in
most cases they are of such character that, if neglected,
a conservative design results.
3. In spins, aerodynamic forces on the fuselage pro-
duce diving moments of appreciable magmt.ude and
yawing moments of small magnitude opposing the
rotation of the airplane.
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FiGURE 7.—Fuselege normal load curves. Dives

loads obtained in the tests of reference 8 and others
shows that none of these forces and moments are of
sufficient magnitude to be of concern with respect to
the fuselage design except-the initial, suddenly applied
vertical tail load, which may be considered, for prac-
tical purposes, to act alone.

In the spins no loads of any magnitude sufficient to
be of concern in the structural des1gn are evident.
It is interesting to note, however, in the histories of

the spins that an appreciable diving moment is present™

as a result of air loads on the fuselage and that lateral
loads, although small in magnitude, are, in the main,
of such a character as to oppose the rotation of the
airplane. :

Cowling pressures.—Engme cowling pressures for
the maneuvers given previously are tabulated in Table
II. Since skin pressures are higher near the nose
than elsewhere, this information is of interest with
respect to the design of the engine cowling panels and
their attachments. In interpreting this table, positive
pressures are to be considered acting inwardly and
negative pressures outwardly.

LaANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NaTioNAL ApVisORY COMMITTEE FOR AERONAUTICS,
Laxerey Fiewp, Va., dugust 1, 1930.
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PRESSURE DISTRIBUTION OVER FUSELAGH OF A PW—¢ PURSUIT AIRPLANE IN FLIGHT

Normal lfoods Tronsverse foads
Nose 70il | Molse Tarl!
faa
Osec.
0 U A T~ a
\_/ e
/00
I\ 25sec
o } V\\ 1T I —
I
200
'\ | 50 sec!
10Q
L i
\\ [ \/—\
o ~<J
Ezao
S,
,*8\ \ L 75 sec.
100
£ 2.
g % NIRZN ™~ [ /A
.g Lo ~—~— -
§ o = ——
QQ‘ 100 100 sec. .
0 . .
oo - :
r\/ R .25 sec:
Qg _ [\\-—\.—/ S ]
100 —
A . 50.5ec.
N J
I } I | ] | :
a < & 2 153 o 4 & z2 e 20
feet along fusekage

FIGURE 20.—Fuselage Ioad curves in a left barrel roll. Run No. 3, 28

341



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

L1
g0 - ~—_| L Air speed
4 =]
/20 <y »
3 N N
[ — Q
Q/00 =
t e REEED
< 80 // - — E
/ &\ 20
£ // Normal acceleraotiors 0
w570 S
el ot
~
g §,eo - g
g‘%;g \ -Norma load C.P.
: ST
0 L+~ ~
Jotal normal jood
= // ? \'( 800
Normal load | \
/ aff of C.G.\ Y
< A 600
A TSN np
//‘;: \\ 400'
;/ ,AV . \n_/ p
N / load '/ T =
A ot e TN e00y
y. T T N A |
] Tronsverse foad T =~
e forward of C. @5 / 0§
N i Y-l — g
\\“\ /A N _.200%
\ ~ “Transverse food | \2
4 oft of C.G.
TS 4 ~400
A\
\ / -500
Total fra ISverse _oodz’ Ne /’
EEEE 00
Moment of normoal load forward of C. G
=
1000 - \,\_0\\
: N
% so0 ] e =11
g ] ] Moment of fronsverse
. 4
& . ] N[ food forward of C.G.
Q‘ o —— v \ \ Y
hy L . Moment of fotal |\ ]
] IAS \ \ #ransverse lood \17.__‘?__-<
.§ ~-500— Moment of 2 L I,
g fransverse loaod \ \ \‘ / AN=
—_— =]
I A ASRAVAV N X T INONS
$ EEAN AViv.s NN
&- 1500 AN >
3 ' N RBLR N ATT
2]
2 -2000 <
: SN Y N
16_2500 \\l\l & — i
1] \l N / (Moment of fotal
E : N / normal foad
$-3000 '
Moment of, nor-ma/ food aft of C.G. /
HENEEEEEREN
55005 o .5 .0 1.5 2.0 2.5

Time. seconds
Flavae 21.—lIlistory of right barrel roll. Run No. 3, 1a



PRESSURE DISTRIBUTION OVER FUSELAGE OF A PW—¢ PURSUIT AIRPLANE IN FLIGHT 343

6 .
P el B 1
/ ~ Uy -
Vi - 4 _—
) / T §§ '
L Normal acceleration’ ~J | g.; Py
2 =11 |°t¢ —
& fa o g o — -
§1 o -
gea 7] Normal foad C.P-
366 <t
%“ 30
9 N
k. S Sy p 4
£40
2
S g0
/000 Total normal load, /1/ L
Ny AN
- / ™ [T
5 / N ~_]
S400 — = <
g / //r I \\\.‘
J -4 —— P~
e ., /[/¢ M
N A Normal load forward of C.&-1" [~}
otz +1 | IERNEEEN
‘Normal load aft of C.G. /‘\<:~Tofal transverse load 500
’ h
/ \ 400 4
/’/// SN 3
Transverse /oad § -
/ Z ra 3 N off of C.G. 2008
Pa /' u
T AT T INCONNE o8
Transverse load N Shpd———1_| g
2000 forward of C. 6. < 3
y < -200"
AR N ~NT
1500 pioment of normal load | / \, Moment of transverse [~
forward of C. G —— H— food aff of C.G -400
£ 000 - L1 X
4 /1 =
k9 4 —
& v ~ )
s o dEEEV \
- + — v o
3 - ™~ _| A 1
a
'8 —— / \\ Momen¥t of foral
o a4~ r { ); \J\ fc'ansver'se load| ™|
Y ~s00 a A
g \\\\\ \(/ L/A‘ N
Moment of N A
ng',"'/ 297 - = I fransver.s(:z "> 1
3 lood forward 4, I
] Moment of norma ?\ \l{ of C. & [ T~S<3
J-/500 load aft of C.G NEA 74 =
' A
Q \ //v/
w»—2000
§ NN e
: v
38500 R\ “Moment of fotal
\ noi-mal load
-3000 ;
\\M’ o
~3500 =5 0 5 1.0 7.5 2.0 2.5 _ o

7Time, seconds
FreUrx 23.—History of left barrel roll. Run No. 3, 28



50

50

50

Pourds per foof run
o & o

3

-

50

50

Normal loads Transverse loads Normal foods Transverse loods
Nose 7ai! | Nose 7ail Nos 7ol | Mose Taif
50 i
Osec, \ d5sec.
A
B P P 1 0 ’_-\\ \\ b
50 [—
lLO0sec. A Ssec.
oL S —
=
50 \ &sec,
L5 3ec. AL L
" i B
N\~ g - Pl 0 I \\
3
2.0sec. B 7sec.
\_- Q50 L N
[ - ] — t —"’\\
T Q " T
§ o N et |0
3
) Q
L] 3.0 sec. 8sec
, R — = s 50 \\,\’A
\"/-\‘
0 N
9sec.
NI 50 \\, A
—t_ 3.5sec \ A ~
wull | — B N \
N\ 0 N
P
50 /0sec
Y
L ] 4.05sec, L"’ﬁ\ e { -
T T 1 N
h T -A\\ - [ 0
D R e e e o et P
2 16 0 ] 8 2 20 / ) 20
Feet along fuselage / 6 Feef along fuselage
FlaURE 2 Fuselage load cnrves in a right spin. Run No. 18, 2a Flaurx 23h

4243

SOILAVNOYAV YOd HHLLIWWOD AYOSIAAY TYNOILVN LHOodHy




Normal loads Tronsverse /oads Narmal loads Transverse loads
T T - T
50 Nosd 7ail | Mose T4, Nos il | Nose T/
N Osec,
A=
0 { —] - 50 6sec,
\ .
) 35sec,
0 N P 50
| | N g.5sec
I O
Va
™~ || lE5sec
0 — T T r
5 v/\ tE: 50 i 7sec
50 5 N —~ - -
K R P—t .
9 N LN 2.35 sec. ) { J I -
‘w \\ M 0 j ——— Ly
Q J 74 "4 o
g g
350
tE h ‘E 50 - dsec,
™~ [ Ssec. = ~ =
0 — - /I"x\’ 1} - -
p/ ] ™ [
50 50
b~ Pt .3 sec. g - Jsec,
\'-g o IR,
P — I P —
.0 <1/ i (4] g
50 g 50
——T Ssec. ! s /0sec,
/ ' N R P
0 — o —— T
| | [ | S
o 8 7 e 0 4 2 8 20 o 8 2 /8 0 4 2 6 20
Ffeet along fuselage Feef along fuselage
Traune 24a Fusalages load onrves in a laft spin, Run No, 13, 28 Fiqgurx 24b

IHDITL NI ENVIJAIV 1I0S90d 6—Md V 40 TDVIESNT dFAO0 NOLLOHIELSIA TENSSHud

aye




346 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

S
vt
g\
og
582 —_
EG L ! i
L b ‘Normoal acceleration
2V
§
N
Angular velocity ASE
# ] L
A~ .
/,J' LOD
3]
§
0 5
///-\\\ / |6
£ <
Bro P~ — og
G <
Y20
Q
gea TN
330
Yo - \\7
°40 i
W Normol center of pressure'
g
N 50
5
80 i
Total normal Jood, A I soo
y
. /[\ /' Normol Joad aft of C.G. 400
NS '
yd -
74 V
N — L~ i <
'\\ N Normdl lood'- [
P~ ‘/ : for);m&og‘d / 0085_
~
- / Al />/‘// /?\‘ e ’_— §
R TN
. L
TForsverse joad, / 7ransverse lood"orft of C.€.
| forward of C. G \ Y ' l , I I =/00
A -Toral transverse food
I3 [l (1 1 1 - _200
% L[]
g Moment of transverse lood aff ofLC’.G'.l
L s00 ' — - ; —
¢ Moment of normal lood forward of €. G, }4\
A I7 =
S 400 I ~J;..J = e
2 | | 1 /1] A ™
] [ :r . N \ A Moment of
o ). & [ tortol frans’]
{ AN 4 H load |
8 = N ~ ) 4
-Q -’400 S o
) O~ | ]
5’ B ) ‘Moment of fronsverse
v —S800 \ Y load forward of C.G
2 A ]l I\%/:' 4
<
HS—/ 200 // Momem‘ of total normal lood
]
S JeoolMement of riormal load oft of €.67] T [
§ HEENENEERN
3 [7] 2 4 € 8

Time, seconds _
Fi1auRE 25.—Hlstory of a right spin. Run No. 13, 28

/o
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Per cent of

TABLE I
CHARACTERISTICS OF PW-9 AIRPLANE

8pan of lower wing.
Plan area of fuselage..
Projected side area of fuselage.

Fuselage length. ..

8pan of upper wing.
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241.2 5q, ft.
29,84 8q. ft.
7.74 1b. per hp.
12 1b. per 8q. {t.

- 18.75 sq. f8.

Centrold of plan and side area of fuselage.

Welght of airplane during tests. o o vmmeeeemnccomeeememenam 2000 1bs,
Rated horsepower 8¢ 2,000 I, Do Meevieecoaveacceccmenceae 375,
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Ares of horizontal tall surfaces..
Area of vertioal tail surfaces,

Power loading._

Total wing area
'Wing loading

1 8tagger measured at & sbetion peraliel to the plane of symmetry, and passing
TABLE II
COWLING PRESSURES

through the centroid of the plan form of one lower wing between a line perpendioular

wing,

.to the chord of the upper wing and a line drawn from s point one-third chord length
from the leading edge of the lower wing to a point similarly located on the upper

0.37 sec.
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