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PRESSURE DISTRIBUTION OF THE FUSELAGE OF A
¥IDWING AIRPLANE MODEL AT HIGH SPEEDS

f.James B+ Delano

SUMMARY
The pressure distribution on the fuselage of a mid-
wing airplanc model was wmeasured in the N.A.C.A. 8-foot
high-specd wind tunncl at speeds from 140 to 440 miles
per hour for 1ift coefficients ranging from -0.2 to 1,0.
The primary purpose of the tests was to provide data
showing the air pressures on various parts of the fuse-

7O
lage for use in structural design. The data may also be
for the design of scoops and vents ‘
The results show that the highest negative pressures
occurred near the wing and wore more dependent on the

wing than on the fuselage. At high speeds, the magnitude
of the pressurc cocfficicnts as predicted from pressure
cocfficients determined oxperimentally at low spoeds by
application of the theoretical factor 1//1-KH- . {where M
is tho ratio of the air spced to the speed of sound in air)

may misvcprosent thc actual conditions. At the points
where the maximum negative pressures occurred, however,

the variation of thp prc sure coefficicnts was in good
with the thooretical factor, indicating that this
vy afford satisfactory predictions of ceritical
speed, at lcast for fuselages similar to the shape tosteds
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INTRODUCTIONW

The local pressurcs on some parts of the fusclages
of high-speed wlrplaaos are so large that they nust be
considered in the structural desizn, especiclly of such
parts as doors over bomb bays and other openings. The
primary purpose of the present 1nves»1butvo was to pro-
vide data uscful in the structural design of such parts.
The datn arc also uscful for the design of air scoops
and vents (reference 1).
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The tests were made in the N.A,C.A. 8=foot high=-
speed wind tunncl (referencce 2) with a model wing mounted
on a model fusclage without propeller or tail surfaces.
The test spcods were oxtendoed up to 440 niles per hour
to ascertain the effects of compressibility on the prese—
surcs. The fuselage angles of attack ranged from =30 %o
90 corresponding to 1ift coefficients from =0.2 to 1.0.
The Reynolds Humber range, based on the mean chord of the
nodel (17.29 inches), was 1,700,000 to 4,800,000.

~APPARATUS AND METHOD .

”he Lusmla e was a nody of revolution of T.ACA.
form 111 (veLerence 3) modified to o.fineness ratio of
6.06, The wing (fig. 1) was a 1/8-scale model of the
LC-3 transport wing, which has a root scetion of H.i,C.A,
2215 pro;1le,:and was set at an incidence of =19 to the
fuselage axis, The wing tips cxztonded through the tunnel
wall to support the model, Taoil surfoces and propeller ,
were omitted. - Thirty-ninc proessurc orifices located as

o

shown dAn figure 2 were used. The pressurc tubes were led

out of the tail cnd of the fusclage (fiz. 1(b)) and con-. ooa
‘nected to a nultiple-tudbe manometer where all the pres-
sures were photographically recorded at onc time. This

investigntion was made in the F.A.C.i4. 8-foot high-speed
wind tunacl, a single-return, closed-throat wind tunnel
of cirecular cross spgction.

RoSTULTS

he results have been correctsd for constriction ef-
fects and are prescanted os nondimensionasl pressure coof-
ficicutss: : -

Ap
P = — %
q ) &
wherce Ap is the loecol static pressur' on the fuselage
Y less the static pressure of the air strcanm.

. a . . 2
0, dynanic pressure of the air stream (1/2 pV®).

The Mach number ¥ is the ratio of the air speed to
sound in air at the tcmperature of the tests.
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In 2ll the figures showing values of P for fuse-

laze ansles of attock af = 0% and 6°, the valucs for
speceds below 200 miles per hour (¥ = 0.265) were taken
from cross pilots-against ape; conscquently, expe erimental
points are not shown, The location of a p01nt along any
neridian of the fusolage is given by x/L, where x is
the distence aloni; the axis of the fusolwge measurcd from
the nose and L is the length of the fusclage. Figure 3
is o plot of the 1ift coefficicent for M = 0,182 (140
nilcs per hour at 590 F.) for the fuselage angles of at-
toeck used in thesc tests. Figures 4 to 8 present the
pressurc distributions along various meridians of the fu-
sclage as plots of P, with the meridian angle w (fig.
2) and the fusclage angle of attaeck as poramecterd, for

¥ = 0.182. A comparison is shown in figure 9 Dbetween ex-

52l pressures obtained on the wing~-fusclage combi-
and the theoretical prossures on the fuselage alone
and on tlic wing alone for ap = 0%, TFinures 10 ond 11
show plots of P alongz the top and the hottom meridians
(w = 0° and 1800), respectively, with ae s a paramcter,
for M = 0.182.

The variation of P with M ot the different merid-

agles is shown in fi igures 12 to 16 for ap = 0°. At
pecds, the scatter of the experimental points in-

creasess This increase is due maoinly to the usc of mer-
0
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cury to mecasurc the pressures at high spceds; whercas al-
cohol and carbon te trachloflde were used at lower speeds.
The wesults for op = -19  we esscntially the same as

those for oap = 0% and are tbere¢ore not presented here-

in, Conparisons between the ‘vDurlmentwl variation with
speed of the naximun negoative pressure coefficients and
the theoretical variation given by O/vl W, where Py
the volue-of P at M = 0, are given in figure 17,
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DISCUSSIOH

knl

Figures 4 to 9 show, ns would be cxpected, that the
hisher negotive pressurcs on the fuselaje surface occurred
necar portions of the win. which produced the highest nega-
tive pressurcs. At low swveeds, the presence of the wing
increascd the maximun nbbwblVb pressurce coefficient on

the fusclage from P = -0,140 to -0.340. (See fig. 9.)

At 400 milcs per hour, the load increasced by 0.24q, which,
at stnndard sea-lcvel conditions, represents approximatcly
100 pounds por gquare foot. It is bellovod that the in=-



crease in air loads will be higher for points closer to
the wing than for those used in these tastse.

Figurc 10 shows that the maximum negative pressure
cocfficient along the top of the fuselage (w = 0°) is
almost dircctly proportional to ag; - whorcas figures 4
to 9 show that, along the 450 meridian, the rate of
choange of the maxinum negative pressurc coefficient is
greater and increases morc ropidly as Qg ig incrcascd,

at least for the angles of attack used in these tests.
Tho pressures over the fusclage alone werc not measured,
but an analysis of the pressures over an airship hull
reported in refeorence 4 shows that the magnitude of the
naxinun negative pressures on the, fuselage at large an-
clcs of attack will still De lurbcly dependent on the
winge. Figures 5 and 8 show that an increase in ap from
0% t0 99 may triple the value of P. The maxinun struc-
tural loads, nevertholess, will genernlly occur at high
spccds.

¥For two-dinmcnsional flow, & thcorctical variation of
the preossure cocfficicnpt with specds is given by

Po/v/1-1i2 (reference 5). Refercnce 6 and the results of
tests in the 8-foot high-speed wind tunnel and in other
tunncls show that, for airfolls, the theory nmay underes-
timate the effect of speced; the most probable causc of
the discrepancy is the assumnption made in the developnent
of the thcory that the induvced velocitics are negligibly
small, It has sonetimes been assuned thot _the variation
of the pressurc coefficient given by Py/J/1-M2 applics
to three—~dincnsional as well as to two-dimensional flow.

Tisurcs 12 to 16 indicate that, where the value of
the pressure coefficient P was less than -0,2 at low
specd, the coefficient decrcased (i.e., became more nega
tive ' as the speed was increased., At points where the
value of P was between -0,1 and -0.2 at low speed, the
coefficient remaincd virtually constant as the spced was
incrcased; and, at points where the value of P was
greater than -~0.1 at low speecd, the coefficient incrcased -
as the spced was increased., This apparcnt dependence of
the type of pressure-cocfficicnt variation onm the magnitude
‘of P mnay be a coincidencec. The type of variation may
depend on the proximity of the wing and may result from
wing and fusclage pressurcs following different rates of
variations. There is need for further investigation of
the way in which pressures vary with speed. At points
where the value of P was greater than ~0.1 at low spceds;
the offcct of compressibility on the pressure cocfficicnts
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was opposite from that exvected on the basis of two-
dimensional theory. The results show that, at high speeds,
the magnitude of the pressure coefficients as predicted .
from pressure coefficients determined experimentally at:
low speed Dby application of the theoretical factor

1A/1~M3. may misrepresent the actuvual conditions.

At the points on the fuselage where the maximum
negative pressures occurred, the effect of compressibility
on the pressure coefficients agreed fairly well with the
variation piven by the two-dimensional theory, as is shown
in figure 17. The broken curve represents the theoretical
value of P given by Poﬁ/l—Mz. The agreement is quite
satisfactory up to M = 0.6 and indicates that the use of

this theoretical factor to calculated maximum loads due %o

nesotive pressures, althoush usuwally not counservative, may
be permissible. This agrecment also indicates that 1t may
be possible to use the maximum negative pressure cocffi-
cicants obtained from low-speed tests to predict approxi-
mately the critical speed of the fuselage. This conclu~-
sion should be considered tentative until investigated by
tests of other models. ’

Although thesc tests were made primarily to determine
the air loads on the fusclage, it is interesting to note
the effect of wing-fuselage interference on the critical
speed of an airplane., A comparison of the pressure distri-
bution for the fuselage alone with the pressure distridu-
tion for the fuselage and tho wing combined (fig. 9) indi-
cates that the critical speed of the fuselage in the pros-—
ence of the wing will be lower than that of the fuselage
alone (about 130 miles per hour at 59° F., lower for this
wing-fuselage combination). The interference of the fuse-~
lage will act similarly to decrease the critical speed of
the wing and, since the critical speed of the wing alone is
generally lower than the critical speed of the fuselage
alone, the wing of an airplone will generally have a criti-
cal speed lower than the critical speed of the fuselage.

¢

CONCLUDING REMARKS

1. The highest negative pressures on the fuselage oc—
curred near the wing and were more dependent on the wing
than on the fuselage.,

2. The results indicate that the critical speed of
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Model used in test.

Figure la.- Front view.



Model used in test.

Figure 1b.- Rear view.



N.A.C.A. | Figs. 2, 3
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Figure 2.- Location of ﬁressure orifices on the fuselage.
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Figure 3.- Variation of lift coefficient with angle of attack
for the wing-fuselage combination tested.
M, 0.182; R, 1,760,000,
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N.A.C.A. Figs, 10, 11
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Figure 11.- Pressure distribution on fuselage.
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Pressure coefficient, P
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