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CHARACTERISTICS OF AN AIRPLANE

By C, J. Donlan and W, Letko
SUMMARY

Three widely different nose shapes were tested on a
fuselaze alone and on a complete model in the WACA sta-
bility tunnel to ianvestigate the effect of cowling shape
on stability characteristics. The results are presented
in the form of charts which show the varistion in the
aerodynamic characteristics with the three nose shapes for
the propeller-removed condition over a wide range of an-

gles of attack and yaw.

The results of the investigation indicated that larpge
changes in the cowling shape produccd relatively small
changes in the aerodynamic charascteristics. The effects
may be apprcciadble, however, in tho case of an airplane
that has marginal stability.

INTRODUCTION

The trend in contemporary airplane design toward
higher wing loadings, smaller wing areas with respect to
fuselage areas, and larger moments of inertia makes the
attainment of satisfactory stadility characteristics in-
creasingly difficult (reference 1). Small changes in the
stability parameters, therefore, may produce significant
changes in the stability characteristics of the airplane.
One common change made on existing airplanes is a modifica~-
tion of the engine cowling. Recent flight investigations
have suggested that changes in the type or the shape of
engine cowling may alter the flying qualities of an air-
plane, but little direct information is available con-
cerning these effects. Pressure-distribution measurements
over cowlings of various shapes are given in references
2, 3, and 4. Reference 2 contains data on cowlings over
o considerable range of angles of attack but does not show




Fa
the effect of the cowfsng on th; fuselage pressurc distri-
bution, DReforences 3 and 4 contain extensive pressure-
digtribution measurements at low angles of attack on a num-
bor of cowling-fusclage arrangements over a wide range of
Mach numbers. Refcrence 5 shows the effect of a radial
engine and cowling on the unstable moment of a strecamline
body but does not show: the effect on the weathercock sta-
bility of the complete airplane. The present investliga-
tion was made to provide dirocect information concoerning the
effect of cowling shapec on the longitudinal- and lateral-
stability characteristics of the entire airplane.

Two cowlings representing extremes in . contemporary
design practice were tegted. In ndéition, a streamline
nose section was tested to provide a basis. for comparison.
Arrangcments were made also for varying Lho volume of air
flowing through the cowling. The propellers were nct rep-
regented, Tests werc mads of a fuselage alone and of a
COmpl te model consisting of n fLSOlLéO, a wing, and hor-

izontal and vertical tailil surfaces

The paper precsents the aerodynamic characteristics
in pitch and in yaw of the different combinations tested,
The data must be used in a strietly comparative manner,

.inasnuch as no correcticns for wind-tunnel wall effect s

or support-strut interference have been applied.
APPARATUS ATD HODELS

The tests were zade in the closed-throat NACA stabil-
ity tunnel. This tunnel is of recent construction. At
the outset of this investigation, the charaeteristics of
neither the tunnel nor the balances had been expnlored very
thoroughly; consequently, no attempt has been made to &p-
ply any corrections to the data obtained. In view of the
comparative nature of the present -investigation, however,
this proccdure should not gualify any ¢f the conclusions
regchoed. ‘

The tunncl is equipped with a six-componont balance
especially designod t o measurc the forcecs and moments with
rospecct to a system of axes commonly used in stability
work, This systom of axes is shown in figure 1. The ori-
ecntation of the drag vector should be noted particularly.

Tho model used in this invostigation is represonta-
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-This eloment acts as a

tive of a conventional singlc-cngine military pursuit air-
planc cquipped with a radizsl engine, A threc-view draw-
ing of the 0.l-gcalc airplane model showing the relative
sizo and location of the streamline nosc and the two cowle—
ings is given in figure 2. Although no propeller was
used, all nose sections were constructed in such a way
that the plane of the propeller was at a fixed distance
from the center of gravity.

The model was corstructed of laminated mahogany. All
exposed surfaces were sprayed with lacquer and a smooth
finish was obtained. Both cowlings were modeled after the
cowlings used in the investigation reported in reference 6o
Details of the test arrangement for the WACA open-nose and
high-~speed cowlings are given in figures 3 and 4, respec~-
tively.

In the NACA high-specd cowling, the cooling air en-
ters at the nose of the forward elcment of the cowling.
spinner and normally rotates with

ating element is fitted internally
with cuffs that servec as fairings for the propeller~blade
shanke., In the present investigation, no propeller was
vsed and the rotating elcment was held rigid. The cowl-
ing cxit arrangemcnt was unconventional in that the cool-
ing air was cxhaustod through two ducts, onc on cach side
of the fusclage, instcad of through the conventional an-
nular oxit at the cowling skirt,.

the propeller; the rot

The resistance offercd by the engine to the air flow-
ing through the cowlings was simulated by perforated plates,
the conductances of which could be varied. FTor both cowl-
ings, the condition of maximum conductance approximated
the full-scale conductance of a typical single-Tow radial-
engine installation without cowling flaps.

Typical test set-ups are shown in figure B

The streamline nose and the two cowlings were each
tested on the fuselage alone and on the complete model.
Bach combination was tested throughout the rangeoof angle
of attack from -5° to 18° at angles of yaw of -5, 07,

.0 3 : s :
and 5°, Tests were made also in which the angle of yaw
was varicd from 10° to -40° with the angle of attack fixed

) &

Bt O g dill O




Most of the tests with the two cowlings were run in
the condition representing nmaximum conductance. Some tests
with the NACA open-nose cowling were, however, run with
zero conductance; that is, the flow through the cowling
was completely stopped.

The tests were made at a dynamic pressure of 65 pounds
per square foot, which corresponds to a speed of about 160
miles per hour under standard conditions. The test Reynolds
number based on the wing chord was about 888,000. Repeat
tests were made at dynamic pressurcs of 100 and 125 pounds
per sguare foot (corresponding to test Reynolds numbers of
1,190,000 and 1,338,000, respectively) but little scale ef-
fect was observed in this range.

PRESENTATION CF RESULTS

All data are reduced to nondimensional coefficients
and are uncorrected for initial asymmetry in the model or
air stream, for support-strut interference, and for wind-
tunnel wall interference. All coefficients are referred
to'the system.of axes shown in figure I, The coefficioents
for the fuselage are based on the wing dimensions. The
symbols and coefficients used in this report are deflned
as follows: '

Cp drag coefficient (D/qS)

01, 1ift coefficient (1ift/qS)

Cy lateral-force coefficiont (Y/qS)

Cp, pitching-moment coefficient (M/gSc)
¢y rolling-moment cocfficicnt (L/qSD)
C, vawing-moment coefficicnt (I/gSbH)

D drag (See fig. 1.)

il lateral forco

M pitching moment

L rolling moment




N yawing noment
A i S 11 w2
a dynanic pressurc (gpV")
o™ . s
= v tunneldl air weloelty
- .
S wing arca
(o} wing chord
K conductance of cowling
o angle of attack (thrust line)
\V/ angle of yaw
o oCy
Ty oV
‘ A
| G BCZ
) Sl
g
x
o) acl’l
oy oV
The variation of the measured 1lift, drag, and pitch-
| ing-moment coefficicnts with angle of attack for the dif-
ferent combinations tested is given in figures 6 to 8,
The offcct of yaw on thosc coefficicnts is illustrated in
figure 8, Typical variations of the lateral-force cooffi-
cient, the rolling-nonent cocffiecicnt; and the yawing-no-
| : ment cocfficient with angle of yaw are presented in fig-
| wres 10 to L2.
The variation of the stability paranctors va, Ci
¥ v
and Cn with angle of attack is given 1n figures Lo and
1
" 14. The paranetors Cy , 0y , and C represcnt the
A 4 Wi ws ¢

slope, at zero yaw, of the curves of the coefficdents

against angle of yaw. In figures 13 and 14 the tailed

points are the measured slopes. The plain points were

| evaluated from the data taken at angles of yaw of +5% by
assuming a linear variation of the coefficients in this
range, This method of computing the parameters ylelds re-
sults within the practical linits of accuracy for angles




of attack below the stall. For angles of attack above the
stall, the parameters evaluated by this method have less
significance.

DISCUSSION

A change in the type or the shape of the cowling on
an airplane could affect the stability and control char-
actoristics by virtuoc of the following cffects:

l, A change in the forecec and moment contribu-
tion of the fuselage resulting from a redistribution
of area and the altered basic pressure distribution
over the fuselage, This pressurc distribution is
affcoted also by the conductance of the cowling - at
least, over the portion of the fuselage occupicd by
the cowling. (See referconce 4.)

2, Interference effects on the wiag and the
tall surfaces resulting from the altered flow pat-
tern around the fuselage. These effects may also
vary with the conductance of the cowling.

The extent of the effects attributable to changes in
the basic pressure distribution can be determined from the
results for the fuselage slone. A comparison of the re-
sults for the fuselage alone and the results for the com-
plete model should reveal some of the effects attributable
to interference. It is appreciated that the comparisons
gshould be made on a relative basis; that iIs, a given
change of moment coefficient ig of greater importanee in
yaw than in pitch because the total moment cocfficient is
usually less.

.Fuselage alone.- The data in figure 6 indicated that
the different shapes tested had little effect on the char-
acteristics of the fuselage in pitch. The parameter mos?t
affocted was the drag coefficient. At high angles of at-
tack the more blunt NACA open-nose cowling had thoe high-
est drag, caused possibly by an earlicr breakdown of the
flow over the cowling. A similar incrcasc in drag is
noticcable at an angle of yaw of 17°. (Sec fig. 9.)

The offcct of the different noses on the lateral-
stability characteristics should be noted (fig, 13). The
fuselage with the WACA high-speed cowling gives values of

CYW about 0.0005 lower and values of an as much as
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0.0003 more positive, that is, more unstable, than the cor-
responding parameters for the fuselage with the NACA open-
nose cowling. It will be observed also that at large an-
gles of yaw the fuselage with the NACA high-speed cowling
developed considerably smsller lateral forces than the
fuselage with the WACA open-nose cowling. These resulbs

are in agreement with the trends indicated in reference 5.
In figure 10 the scatter of the rolling-moment coefficients
is so great that no attempt was made to fair a curve through
the points.

Complete model.- Apart from slight irregularities in
the 1ift curve at an angle of attack of about 10, the
type of cowling affixed to the fuselage did not apprecia-
bly affect the characteristics in piteh of the complete
model (figs. 7(a) and 7(b)). The effect of conductance
should be noted (figs. 8(a) and 8(b)). With zero conduct-.
ance, a breakdown of the flow probably occurs at a lower
anglc of attack., This condition is associatcd possibly
with the development of critical peak pressures on the
cowling at lower angles of attack as the conductance of
the cowling is decreased. (See reference 4.)

The effect of the three nose shapes on the lateral-
stability characteristics of the complete model (fiz. 14)
is similar to the effects observed on the fuselage alone.
The values fluctuate somewhat with angle of attack but it
is seen that, in the normal range of angle of attack, the
value of CYW for the NACA high-speed cowling is always

less than the corresponding value for the NACA open-nose
cowling and that an is always more positive, that is,
more unstable, than the corresponding value of CrW for
the NACA open-nose cowling. The actual increments in

these parameters were of the same order of magnitude as

those obscrved for the fuselage alone; that is, ACYW =
-0.0005 and ACnW = 0,0003. Check toests made of the fuse-

lage in combination with the horizontal and vertical tail
surfaces have verified these observations. The absolute
difforences, however, are small and, if plotted to the
scale of figure 1ll, may be overlooked. In figure 14,
fluctuations in the parameter OC; around 11° or 12° indi-
catec that both wings do not stall simultaneously. The
cffcet of conductance was not investigated very extcensive=
ly but, at low angles of attack, it appeared to be small,



At large angles of yaw the results for the NACA open-
nose cowling show larger lateral-force coefflcients and
larger yawing moments (fig. 11). The favorable effect of

the flow through the cowling on the rolling characteris-

tics at angles of yaw beyond'15° is interesting.

The effect of the cowlings cannot Dbe rigorously sep-
arated into changes resulting from the altered basic pres-
sure distributiorn over. the fuselage and changes resulting
from interference effects on the flow over the wing and
tail surfaces without complste data on all combinations of
the wing, tail surfaces, and fuselage. It would appear
from a comparison of the results for the fuselage alone
and for the couplete model, however, that a large percent-
age of the changes in the stabllity parameters were pri-
marily atbtributable to the altered basic pressure distri-
bution over the fuselage. : '

COHCLUSIONS

The results of.thisg 1nvuat1g‘ui0ﬁ'ndmit the following
conclusions concérning the offect of cowling shape on the
stability characteristics of an airplano:

%, Ordinary changos in the type or the shape of a
cowling affixed to an airplanoc are apt to produce appreci-
able changes in thc latoral-stability characteristics of
the airplane only -if tho initial etability is marginal.,

In the prosent investigation a radical change in thc shape
of the cowling resulted in only a small reduction in
weathcorcoeck stability.

@

2, Below tho critical specd of the cowling, practi-
cal variations of ongine conductance will have minor ef-
focts on tho stabilit v characteristics of tho airplane, ex-

cpt possibly in the neighborhood of the stall.

‘o K

Langley Memorial Aeronautical Laboratory,
National Advisory Committce for Aecronautics,
Langley Piecld, Va. x
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