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SUMMARY

In this report ~est~are described in which. the distribution OJpressures omr modek of tlie un”ngs
of the P T–9 abplane was inrestigai’ed. The uhg models were tested indhidually and in the
biplane combination. The inves~igaiion was conducted in, the atmospheric wind tunnel of the
.hraiional Ad~Y-SOry(70mm,itteefor Aeronautics. It i~ concluded in this paper that the e~ect oj
biplane interference on the pressures on the wings is practicality confined to the lower surface of the
upper wing and the upper surface of the lover wing; that the orerha nging portion of the upper wing
i.9not greai’ly afeeted by ~hepresence of i%e lower wing; and t5at a slight u’ashin at the center section
of tfie upper wing satisfactorily compensates fo~ a reduced chord at this section @roriding the air-
foil section is nut mutilated) and prerenk a Zarge reduction in the normal force cmer this portion
of h -wing.

INTRODUCTION

At the request of the .&my Air Corps., the distribution of pressures over the wings and
the tail surfaces of a modern pursuit &irpIane (P’W-9) is being investigated by the h’atiomd
.Advisory Committee for Aeronautics. ln order tO study some of the phases of the problem
which can not be undertaken in flight artd to further eorrekte the results of wind tunnel and
flight tests, pressuredistribution~est~ha~e,been made in Me atmospheric wind tunnel on

models of the Rings of the PIT-9. The modeIs were tested individually and together in the
mutuaI reIation they have in the airplane.

In this paper the results of the model tests are presented and discussed.

TESTS

The wiugs of the PW–9 airplane are of the Gottinge~ 436 airfoil section throughout
(fig. 1). The detaik of the modek and the arrangement of the celhde a~e illustrated by Figure
~ The most unusual features of the eelhde are the difference between the pkm forms of the-.
two -wings and the vrashin of the center section of the upper wing.

HaIf span, Iaminateti wooden models with inkid pressure tubes, similar to those used
in previous pressure distribution tests (ref:renee 1) were employed in this investigation (fig. 3).
The effect of the mi.ssimg haIf span ~a~ reproduced by the use of a reff ecting plane (fig. 4).

.4 new !iquid muIt.ipIe manometer (fig. 5) which has 117 tubes of approximately 15 inches
clear h:ight, was deveIoped for ‘and used in these tesfis. A photographic record obtained
with tb~ manometer is reproduced as Figure 6.

Static and dymunic pressure surveys were made two chord lengths ahead of the models
(fig. 7). The integrated means of the survey wdues were used as a reference static pressure
and the effective dynamic pressure, respectively.

The tests, which were made at appro.ximateIy 30 meters per second air stream velocity,
co~ered the range from – 6 degrees through +24 degrees angle of attack.
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FIG. 3.—PVi-9 pres.sse distribution wing models RG. 4.—PW-9 wing models in wind fame
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FIG. 5.—>Iultiple liquid manometer
.

, FIG. 6.—Reduc*d photograph of a manometer record
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RESULTS

The resuIts of ihe tests are presented in Figures 8 through 14. l?ive forms of representa-
tion are used, mmely, pressure diagrams for the test sections, curves of norrd force vs. span,
nornd force coefficient w. span, nornd force coefficient vs. angle of attack, and plots of
centers of pressure on plan-view drawings of the Kings. In each case the results of the tests
of the -wings in the biplane combination are compared with those of tests of the individual
airfoik.

The diagram: of Figures 8 and 9 illustrate the ~ariation of pressure along the test section

chords.
.

The pressures are given in terms of the dynamic pressure, q= ~.

The distribution of the normal force along
the span is illustrated by Figure 10. The
ordinates of these curves represent the magni-
tude of tie normal force per unit span per
unit g. The nondimensional coefficient K is
defied by the equation

NTormaIforce per unit span= .EXg X upper
wing span

or

K= (&x
chord

upper wing span

Figure 11 illustrates the -rariation of the
normal force coefficient (&?) across the span.
C((= is usually dehed as normal force divided
by q X8 but this may be transformed into

!!&=
average pressure

!2

It R% be seen that (7N~may, therefore, be in-
terpreted as the ratio of the average normal
pressure along a chord to the dynamic pressure.

FIG. 7.—Dynamic preswra sumeys. (Amrage dynamic hemi
6.W5 c. m.)

Curves ;f normal force c;eflicien~ vs. angIe of attack for each of the wings are presented
in Fi=we 12. EHmiIarcurves for the entire ceIIule appear in Figure 13.

Curves showing the variation of the positions of centers of pressure along the spans of the
-wings are presented in Figure 14. The lateral positions of the centers of pressrme are indicated.

DISCUSSION

In Figures S and 9 the effect of combining the wings to form tbe biplane can be seen in
the change of pressures. The greatest change appears on the interior surfaces of the combi-
nation, i. e., the lower surface of the upper wing and the upper surface of the lower wing. The
positive pressures on the lower surface of the upper wing and the negative pressures on the
upper surface of the lower wing are reduced. It appears that the increased pressure below
the upper wing partially neutdizes, and is neutralized by, the reduced pressure above the
lower wing.

There is a small but consistent reduction of the pressures on the whole upper wing. The
reverse is true of the lower wing. This may be explained as a result of placing the upper -wing
in the region of increased -reloc.ity and reduced static pressure which exists above the lower
wing. Then by similar reasoning the lower wing is in a region of reduced velocity and increased
static pressure.
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lti Figure 10 it can be seen that, although the normal forces are not equal for the same
angles of attack, their distribution aIong the span is not greatIy affected. The upper wing
with its Iess influenced overhanging portion has a somewhat more uniform distribution in the
bipIane combination. The distributions along the span of the Iower wing are similar.

The washout of the center section of tie upper -wing serves to prevent a large reduction in
the load per unit span over the section in which the chord is reduced. Although the chord is
but 87 per cent of the maximum chord, the washout of but 1% degrees is sufficient.

The curves of Figure 11 show that, -with the exception of the tips, the normal force varies
aIong the span in practically the same manner that the chords vary. At 18 degrees angie of
attack the flow has begun to burble and the normaI force distribution has become irregular.

The maximum ordinates of the curves for the upper wing in Figure 12 occur at practically
the same angles of attack. The efiect of reduction of pressure on the Iower surface of the
upper wing of the biplane is apparent. The “air flow over the upper surface of the upper wing,
being practically uninfluenced by the lower wing, breaks away at the same angIe of attack

. .. . ..

h b@[ane combhof[bn

-———-———
As monoplffne

“(TI

6’OAog/eof ah%ck lt3°Ang/eofdfack
FIG. 14.—Centerof pressure

whether the wing is in the bipIane combination or by itself. The maximum normal force on
the lower wing occurs at a much greater angle of attack when the wing is in the biplane combina-
tion. The air flow over the upper surface of the lower biplane wing is restricted by the upper “
wing and the burbling delayed. The maximum normal force on the lower wing of the biplane
is slightly greater than the maximum normal force on the same wing as a monoplane, The
normal force on the lower wing of the biplane does not break down sudderdy.

The sIope of the curve of normaI-force coefficient YS. angle of attadi (fig. 13)for the complete
biplane celhde is less than would be obtained by a summation of the resuIt,s of the individual
monoplane tests. The maximum normal force is aIso less than that derived from the mono-
plane tests.

At Iarge angles of attack the centers of pressure are farther forward on both wings of the
biplane than they are when the wings are not in combination (fig, 14). At small ang~es of attack
the upper wing appears to be but little Muenced, whereas the lower wing his its centers of pres-
sure farther to the rear.

The IateraI position of the ceriter. of pressure is but Iittle affected at smaLI angIes, but at
large angles of attack is changed considerably. On the lower wing it is moved inward. The
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biplane interference on the inner portion of the upper -wing and the relatively small “influence
on the overhanging tip shift the lateral position of the center of pressure outward a com=idera.ble
amount.

CONCLUSIONS

The conclusions of this paper may be summarized as follows:
1. The effect of the biplane interference on the pressures on the individual wings is almost

entireIy restricted to the Io-iversurface of the upper wing and the upper surface of the lower wing.
2. The distribution of the normal force aIong the span of the individmd biplane wings is

not greatly different from that a~ong the span of the” same wings when tested individually.
That variation which is apparent is caused by the fact thafi the o~erhanging tip of the upper
wing is relatively little influenced.

3. The -ivashin of the center section of the upper tig, where the chord is reduced, prevents
a large reduction of the normaI force across this portion of the wing, providing the airfofi section
is not mutilated.

4. The upper wing of the biplane burbles at the same angle of attack ad which itt burbles
when tested individually. The burble of the lower wing of the biplane occurs at an increased
angle of attack relative to that at which it burbles when tested as a monoplane.

5. The o-rerhanaging tip of the upper wing causes the lateraI center of pressure to be farther
OULaIong the span than it is when the wing is tested as a monoplane. A_tlarge angles of attack
the centers of pressure are moved forward by the biplane interference.

LAXGLEY MEMORIAL AERONAUTICAL LABORATORY,

hTATIOML ADVISORY (20MMITTEE TOR AERON-AUTICS,

LANGLEY FIELD, JTA.,April 7, 19W.
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