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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for
Army Air Forceu, Materiel Command
TESTS OF FOUR MODELS REPRESENTING INTERMEDIATE SECTIONS
OF THE XB-33 AIRPLANE INCLUDING SECTIQNS WITH
SLOTYED FLAP AND ATLERON

By Ira He Abbott
INTRODUCT TON

At the request of the HMateriel Command, A J Air Forces, tests
were made in the Langley two-dimensional tunne1 of four models sub-
mitted by the Glenn L, Martin Company as intermediate sections of the
wing of the ¥B-33 airplane. The models were of 2L-inch chord and
were ﬂonstrubted of wood with pressure-distribution or ~ificess - The
medels were identified by station numbers of 85, 250, 1430, and 620,
respectively, of the wing of -the: 13—3? airplene, This wing is
formed by fairing bctwuen an NACA £5,0-222 a =1 root Jebvlﬂﬂ and
an NACA 65,2-L415 a = 0.5 tip section.

Sections number 85 and 130 were represented by simp le airfoil
mcdels without Ilaps.

Section number 250 was represented by a model complete with
slotted flap., Tests on this section included 1ift, drag, and
pressure-distribution neasvrements with various flap deflectionse
Several alterations of the flap and several & y1lternate flap positions
were tested to obtain improved f.ap characteristicse.

Section number 6”0 was represented by a model with alternate
ailerons of the Frise and 3nterna1—balance types. Tests of this
section 1ncIudﬂo 1ift, drag, hinge-moment and pressure e-distribution
measurements with various Acf“ec+1OWq of each aileron, The ailecron
hinge moments were obtained by integration of pressure distributions

over the ailerons.

Most of the data were cbtained at a Reynolds number of approxi-
mately 6 million although some data were obtained at approximately
'3 and 10 million. The large number of oresrwlc—djsarloutlon diagrams
ovtained are not pr scntcu in this-report,.
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Lifﬁ and drag measurements were made by the methods described
ence 1. The moment coefficients presented were cbtained by
on of the d;arrem: obtaine; by “'utu*n' the pressures against
ct

€

ion of the orifice loeations on the chord line. These

moment coefficients BC“orq1“g]" do not contain the component of
monent associated with-the chord force,

cron hinge-moment coefficients were obtained from pressure-
distribution measurements. In this case two diagr: were integrated
to obtain each moment cgel¢7"¢onu, the pressures * plotted,
respectively, aLJLﬁ t the prﬁq’ﬂt*Pno on the reference line

and on a line D Cucvla; to tn” reference line in some cases,
especially for negati “leetions of the Fris el the orifices
were not loc ti' iently close vogether to d@an@ adequately the
pressure distribution thus introducing a possible error in the hinge-
moment coefficlents,

' . 'n$1iv published, some of the
correct ons

1ired i test date to free-gir con-
ditions had ot beer The values of section 1ift
coefficient cq fimh 1 trlﬂ for the meodels corrssponding to
) & ] 2

stations 05 and L30 should be cerrected by the equaticn’

o T2 0,965 ey 4 0,007
(corrccted)

The section lift co=afficients lel ‘corresponding
o 5

.
6. bo-Usand fiog

\') Q
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be vcorne

(¢] = O, fﬂ \,’/ Cq + K

where the valies of X are 0,005, 0.QL for flap
3 i 0 ; ~
deflections of 0°, 20°, 30°, and L4O°

The sec
station 620
by the eq ,,(,-Lt_r_er

ponding

Q

=

where Cy is the section: 1ift coe

fficient at an angle of attack of 19,



RESULTS AND DISCUSSION

Stations 85 and 1i30.- Lift and drag data obtained for the models
representing wing sections at stations 85 und L30 are presented in
”i"ﬂres 1 to s The 1ift characteristics of ‘the two sections are

imilar except that the thimmer outboard section shows an apﬁrec1ab1y
'”b»r maximum 1ift coefficient than the inboard section at the

‘hest Reynolds number (figs. 1 and 3).. Also presented in figures

and 3 are the moment coefficients associated with the normai-force
CoﬁfniCl“PtS as obtained from pressure distributions., The minimun
drag coelficients of the two sections (figs. 2 and 1) are nearly the

same.  Outside the low-dragz rangs the drag coefficients increase
rapidly with 1ift coeffic’th. Recent work (reference 2) indicates
that sections as thiclk as that at station 85 are critical to separation
when accidentelly LC”'h316d and that such sections may have drag
oefficients so high (fig. 3 of reference 2) when rough' as to seriously
effect flight at crulsing lLiu coefficients, These data 1na10”tb the

4.

sirability of reducing the thickness ratio of the root section.

aticn 2500- The mad h represented the wing section at
stntiou 250 was equipped with a slotted flap as shown in figure e
The flap arrangement was such as to leave a gap in the lower surface
when retracted., Lift and drag characteristics for the model are
nr n+ed in figures 6 and 7 for flap deflections of 0%, 20% 300,
anﬁ LO . For the Ilﬁp—retracted condition, tests were made with th
slot scaled to prevent flow through it without change in external
contoure -

6]

— .

0 The maximum 1ift conpfﬁ‘lpnta for flap deflections of 30° and .
10° were nearly the same, about 2,7 (fige 6)e The drag with the gap
open, flap retracted, was hi (fig. 7) and the da showed consider=
- 3 s o S /

i

-t P
able scatter which is thought to be associated 'th spanwise flow cf
low—energy air in the gap into or away from the survey plane, even
though dams were placed in the gap to prevent such flow from extending
very far along the span. This conditiocn resulted in variation of the
measured drag coefficients along the span. The drag curve in figure 7
is dotted to indicate the estimated drag coefficients.

Several alternate flap positions vere tested with the flap :
deflected 30° to study the effect of flap position on maximum 1ift.
The res&Tts are prcsented in figure &, The {lap was moved varallel

and perpendicular to the airfoil chord line from the orlgxn“$ position
by amcunts shovm in figure 8 in fractions of the airfoil chord, ”%e
best position was found to be 0,0lc higher than and 0, 005¢c aft of 't

O”IFWM 2]l position. The maximum 1ift coefficient in this pouLtlon
was 2 8.




Saveral medifications of the flap as shovm in figures 9 to 13
were tested to determine their effect.

Condition A (fige 9) represented a buffer of rubber or other
material inserted in the slot in such a manner as to seal it with
the flap retracted, This modification caused little change in 1ift
characteristics (fig. 1) and smell changes in drag (fig. 7) with
the flan deflected 30%.

Condition B (fig..10) represented a condition with a filler

lock to fair out tne in tuo lover surface with flap retra cbed.
This condition was reprosented by filling the gap with modeling clay
with flap retracted and by a properly shaped piece of wood with -lap
deflected, This uonu;t; n did not change the 1lift characteristics
with flap retracted {fig. 6) and reduced the drag coefficient, qu
retracted, by about 0,001 in the low-drag range as compared with the

original CO“QLTlO”, gap ope slot sealed (fig. 7)e The d.u: in
this condition was y” ctlc317 that to be expected for the plain air-
foile The maximum g v with flap deflected

in this conuntloa ' ), indicating the need of & door to close
the gap with this

Conditions C and D (figs,
reduce the drag with flap neut g the use of a door by
reducing the size of the gap. ults showed -that the filler
blocks did not reduee the dra“, flap retracted (fig., 15), and caused
losses in maximm lift coefficient (fig, 1h).

') represent attempts to
e
¥

Condition E (fig. 13) was a modification of the slot entry by

*ttL~g it back to an angle of 53° from the chord line with no radius
at the IAtEF section with the lower surface. Condition F was the sanme

as Condition E with the addition of a shutter such as might be used
to revolve and close the gap with the flap retracted. These modifi-
cations were tested with the flap deflected 30° 1'r1 the pesition
previously found to be best (fige 8)e The 1lift characteristics
obtained are shown in figure 16, The mazimum 1ift obtained with
either modification was about the same as for the original condition
with the flap in the best position (fige 8)e The drag characteristics
of Condition E, with flap deflectec 309, are similar to those for
the original condition (figse. 7 and 17), but the addition of the
shutter (Condition F) caused an appreciabls increase in drag at 1ift
coefficients below about 1 i The scale effects on the
1ift characteristics with ad and deflected 30° in the
original condition, but in t position found, are shown by the

~

~

o9 with &n increase in Reynolds number

2
b
f 84
1ift curves of figure 18, The meximum 1ift coefficient, flap deflected,
increased from about 2.0 to 2 incre
from about 6 to 10 million.




Station 620~ The rodcl representing station 620 was fitted with
two ailerons, one of which was of the Frise type (fiz. 19). Lift
and drag cmar"ctnrlctluu of this model with various deflections of the
Frise aileron are presented in figures 20 and 2], Hinge moments
obtained from pressure-distribution measurements and cross plots of
1lift coefficients ageinst aileron deflection at various angles of
attack are shown in figure 22, Comuletﬁ hing e-momont coefficient
curves were obtained only at angles -tL"Pn of 242° and 11,5%,
The accuracy of the hinge-moment Cbe’]CLGPtS is somewhat doubtful,
especially for negative ajleron deflections, because the aileron
contained too few pressure orifices to adequately describe the pressure
distributions,

The other aileron was of the internsl-balance type (fig. 22),
and data similar to that obtained for the Frise aileron were originally
obtained before test of the I'rise aileron. The model was later re-
assembled with thie internal-balance aileron and retested to obtain
the more nearly complete data presented in figures 2 to 26, The
accuracy of the hinge-moment data for this ‘alleron is believed to be
better than for the Frise aileron because the bressure distributions

were better describea by the pressure orifices,

The hinge-moment coefficients presented for the intplnal ~balance
aileron contain an estimate of the ing moment resulting from
the seal or curtain, This moment was asswu > be equal to that
resulting from the applications of a force at the point of attachment

of. the curtain to the aileron., This force was assumed to act at an
arm of 0,50LC,  (fig. 23) und to be equal to

+18C,

s &L

s

where Ap was the pressure difference across the seal (fige 23)e

The two ailerons are of about equal effectiveness (figs, 20, 224

2L, and 26), The shift of the 1lift curve for the internal-balance
aileron as compared with the Fr¢se aileron (figse 20 and 2L) i

ascribed to warpa g~ of the model before the retest of the 1nte nal-
balance ailer On. The first tests with this aileron did not show such
a shift. Tt is thought that general conclusions, with resnect to
hinge moments an@ effectiveness, are not seriously affected by this
change in the model.

The drag coefficients for the Frise aileron are about lO-percent
higher than for the internal-balance aileron in the low-drag range,
aileron nevtral (figs. 21 and 25),
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Figure 24 Lift characteristics of model with internal-balance
alleron, original condition, model reassembled. P
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Figure 25 Drag characteristics of model with internal-balance

aileron, original condition, model reassembled.
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Figure 26.- Hinge moment coefficient, internal balance alleron.




