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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 640

+ INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF
18 COMBINATIONS IN THE N.A.C.A. VARIABLE-DENSITY TUNNEL
COMBINATIONS WITH SPLIT FLAPS

By Albert Sherman
SUMMARY

As part of the wing-fuselage interference investiga-~
tion in progress in the HA C.A. variable—density wind
tunnel, the effects of various split-flap arrangements ap-—
“plied to wing-fuselage combinations were determined.

Split flaps were found %o exert their influence indepond-—
ently of the interfeordnce, and their effects on the asrow~
dynamic characterisgtics of rectangular—airfoil combina-
tiong apvecared to be more or loss Pproportional to their.
oxposed span lengths. The interference, moreover, showed
the same character with the split flaps as without them.

INTRODUCTION

An oextensive program of research is being conducted

in the H.A.C.A. variable-~density wind tunnhel on the lnter-.

ference betwecen wing and fuselage at large values of the
Reynolds Number (references 1, 2, and 3). Reference 1
routlined the wing-fuselage interference program and pre-
sented the initial and basic parts Théreof, comprising
test rosults for 209 combinations that represented, to the
widest practical extent, the most important parameters of
combination, such as: wing position relative to the fuse-
lage, wing shape, Jjuncture shaps, and fuselage shave. The
investigation was subsequently continued mainly with re-~
gard to fusclege shape and comprised combingtions with
round, rectangular, triangular, ellipticel, and alrf011~
tyve fusclages. -
The wide employment of split flaps in design indicat-
ed that information would be desirable concerning the in-
terferences aessociated with wing~fuselage combinations
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having eplit flaps. Medium~camber or thick wing sectiouns
are known to be less affected by the interference of a fu-
gselage than small-camber or moderately thick profiles
(eege, the N.A.C.A. 0012). In reference 3, moreover, it
appeared that the offscts of adding a split flap to a
tapered wing having a thick section. at the root were lit-
tle influenced by the prescence of a fuselage. In the
Phase of the investigation reported herein, therefore,
various gplit=flap arrangements were added to wing-fusc~
lags combinations having rectangular N.A.C.A. 0012 air-
foilg, and their effects, mainly with regard to the maxi-
mum lift, were determined.. The doscriptions in table V
of the comblngtions tested indicate the scope of the ex-—
rorimental invostigation.

HODELS AND TESTS

The wing models employed were rectangular 5- by 30~
inch duralumin airfoils of N.A.C.A. 0012 (sec reference 1),
and NeAeC.A. 23012 (reference 4) profiles. The N.A.C,A.
0012 airfoil ig "gtandard" esg o critical airfoil for the
wing~fuselage interference inveostigation. The N.A.C.A,
23012 was included to show the offect on the interferonce
asgociated with the use of a more recont profile. These
vings wereo combined only with the round fuselage (refer-
ence 1), which is an airship form of polished duralumin,
204156 inches in length, bhaving a fineness ratio of 5,86,
The varioues flap arrangements were made of brass plate
and had sharpened trailing edges. .They wers all 20 per-
cent of the wing chord in width and had the deflections,
span lengths, nnd span pvositions indicated in teble V.
The fillets were formed of smoothly finighed plaster of
paris as indicated in the third column of table V. Photo-
graphs of representative combinations are shown in fig-
uresg ‘L and 2.

Tho tests were performed in the variable-~density wind
tunnel (refereonce 5) at a test Reynolds Number of approx-
imately 3,100,000 (effective R = 8,200,000)., In addition,
values of the maximum 1ift coefficisnt were obtainegd at o
reduced gpceed corrocsponding to a test Reynolds Number of
approximately 1,400,000 (effective R = 3,700,000). The
testing procodure and test procision, which aro practical-
1y thoe same ag for an airfoil alone, are fully described
in rcforonce 1, Since the tosts of reoeference 1 were mado,
n small ndditional corrocetion of less thoan —1 percont has
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been avplied to the measurement of the dynamle pressure ¢
t0o improve the precision of the results.

RESULTS

The tost data are given in the same manner as in ref-
erence 1, in vhicdh the methods of analysis and of presen-—
tation of the results are fully discussecd.

Ag in the prececding reports of the interference pro-
gram (rofecrences 1, 2, and Z), the test results are given
in tables supplemented by figures. Table I contains the
characteristics of the wings alone and table II, those of
the fuselage. Table III presents the sums of the fuselage
characteristics and the interferences at various angles of
attack for each of the combinations tested. The values B
given represent the differences botween the cheracteristics
of cach combingtion and those of the wing alone or of the
wing with a full-span split flap. Thus, for convenilencs,
the effects of reductions in the flap svagn or of changes
'in the flap shape are included in the interference of the
fuselage., Obviously, the characterigtics of the combina-
tions themselves can, if desired, be obtained by adding
corresponding items in tables I and III. Table IV of the
program (sce reference 1), which presents interference
datn for disconnected combinations, is not continued hero=
in because no additional combinations of this character
were investigated.

Table V contains the combination diagrams and descrip-
tions in addition %o the principal aserodynamic character-
istics of the combinations. The. values d/c and k/c
represent the longitudinal and vertical displacements, re-
spectively, of the wing gquarter-chord axis measured (in
chord lengths) positive ahead of and above the quarter-
length point of the fuselage axis; i 1is the angle of
wing setting.,. ' -

The last nine columns of the table present the fol-
lowing .important characteristics as standard nondinen—
slonal coefficients based on the original wing areas of
150 square inchesg!

o, 1lift-curve slope (in degree mossure) as detor-
mined in the low~coofficient range for an ef-
fective aspect ratio of 6.86. This value of


http://www.abbottaerospace.com/technical-library

L

CLnax

NeAsCoA, Technical Note No. 8640

the aspect ratio differs from the actual valuse
for the models becnusd the Lift results are not
otherwise corrected for tunnel-wall interfer-
ence, For most of the combinagtions with split
flaps, valuesg averaged over the useful range of
1ift coefficient are given.

Oswald'l's airplane, or epan, efficiency factor.
(See reference 1,.°)

minimum effective profile~drag coefficient

p cg
(%- 5
A Ymin
with gplit flapg, average values of the drag
taken owver the useful range of 1lift coefficilent
and accurate to within about 5 percent are given
instead. ’

‘' For mobt of- the combingtions

eptimum lift coefficlent, i.e., the lift coeffi-

clent corresvonding to. GDe .
nin

aerodynamic~center position indicating approxi-
mately the location of .the aercdynamic center

ahead of the wing gquartcr-chord axis as a frac-—
tion of the wing chord. Numerically =n, egquals
dGmc .

- at zero 1lift.
a0y,

pitching-moment coefficient at zero 1ift about
the wing quarter-chord axis. For most of the
combinationg with split. flans, average valuss
of the moment taken over the useful range of
1ift coefficient and acecurabte to within about 5
Percent-are glven instead.

1ift coefficient at the interference burdle,
i1.8,, the value of the 1ift coefficient beyond
which the air flow has & tendency to break down
as indiceted by an abnarmal increass in the
drag. ) ’

maximum 1ift coefficient given for two differ-
ent values of the effective Reynolds Number.
(See reference 1l,) The turbulence factor em-
ployed in. this report tq obtain theo effaectlive
R fro~ thco test R 1ig 2.64.
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As in reference 2, the wvalues of the effeoctive
Reynolds Kumber differ somewhat from. thoge gilven in ref-
erence 1 because of a later more accurate determination
of the turbulence factor for the tunnel. The values of
the effective Reynolds Number given in reference 1 are
subject to correction by a factor of 1.1l. '

Figures 3 to 5 present the variation with angle of
attack of the aerodynamic characteristics for certain com-
binations, grouped so as to illustrate the effects of va-
riations in the interesting parameters of combination.
Angle—-of-~attack plots are more effective than polars for
showing the character of the lift-curve peaks and the
lift-curve disgsplacements produced by split flaps.

DISCUSSION

Full—gspan flapg.—- The main effects upon the aerody-
namic characteristics of an airfoil due to deflecting a
split Tlap are: 4An increment is added to the maximum 1ift,
the 1ift curve 1s displaced toward the negative angles,
and large drag and negative pitching-moment increments are
applied. When a deflected full-span spllt flap ig added
t0 o combination of a réctangular airfoill and a round fu-
selage, these resulits are anoarently but 1little modified.
The flaps act moro or less indepondently of the interfor-
ence, which shows A similar character for combinations
with or without split flaps. The effects of the interfor-
ence are most noticeable with respect to the interference
burble and the maximum 1ift, because the action of the
flap genorally overshadows tno effocts on the other char-
acterigticg. Figure 3 illustrates the effect of the ver-
tical position (with respect to the fuselage) of a flapped
wing upon the interference. Definite interference effects
on the droag, the pitching moment, and the l1ift-curve dig-
placement con be seen that vary w1th wing position, but
they are small compared with the results of adding a split

flop and with the interference on the lift-curve veaks.

It is 1nteresting to note that the maximum 1ifts are af-
fected in their absolute magnitude Just as for combinations
without split flaps (compare table V) and, moreover, that
the interference burble for the midwing combinations with
and without flaps occurs at approximately the same angle

of attack. (See reference 1l,) Likewise, different air-
foll profiles show the same relative susceptibility to the
interference burble when combined in the midwing position
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with fleps or without flaps. (Compare combinations with
N.A.C.A. 0OCl2 and N.A.C.A. 23012 . rectangular airfoile in
table V; and, also, compare combinations with tapsred
N.A.,C.A. 0018-09 wing and elliptical fuselage in referencs
?,) The N.,A.C.A., 23012 profile (1.8 percent maximum cam-
ber, 15 nercent back of the leading edge) was somewhat
less susceptible than the N.A.C.A. 0012 (zero camber) as
regards the interference burble. : Thisg regult was to be
expnectcd from consideration of its mean-line shape. The
addition of split flaps produced Little change in this re-
lationghin. ' o

Beduced-snan flaps.~ In practical applications, flaps
of only partial span are often used to accommodate ordi-
‘nary ailerons. - The cost in maximum—~1ift increment for the
rectangular wings is approximately proportienal to the Te-
duction in flav span, being more.than proportional to the
gevan reduction where the flap goes through the fuselage
and less where it goes under the fuselage (table V). As
shown in figure 4, the characteristics other than the max-
imum 1ift are similarly affected.

Cut—outg in flapg.—- Also for .practical reasons, gaps
are often left in gplit flaps at the inner éands near the
fusolage. Such cut-outs of fairly lerge size were inves-
tigated (table V). Figure 5 showg that the cost—in maxim
mum 1ift, although appreciable, may not be serious. (Beo
also table Vo)

The dpposite of a flap cut-out, that is, a flap addi-
tTon such . as employed for an alr brake on & low-wing com-
bination (fig. 2), showed very Little effect except on the
drag {(table V, combination 283),

Dras ond pitching momept.— The split flaps had very
large effects on both the effective profilc drag and the
pitching moment. These characteristics for the largc-
span flaps exhibited, however, a negligible variation with
angle of attack over the useful range of lift. In tabdblo
V, therefore, 1t was possible to glve for this range aver-
age values that are accurate enough for most-engineering
uses. Further, drag and pitching-moment increments for
various flap spans on rectangular wings could he taken as
approximately proportional to the pxposed span length of
the flaovse. :

It may be concluded that—split flaps on rectangular
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wings bohave predictably and do not materially =zlter the
wing«fuselege 1nterLerence ‘particularly as regards the
burblce. '

Longley Memorial Aeronauticel Laboratory,
National Advisory Committec for Asronautics, ' -
Langley Field, Va., February 9, 1938.
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TABLE I -~ AIRFOIL CHARACTERISTICS

e | . |Cmya| On | %0, {%m 4 On | 0Dy |Cm
Airfoll e | M/ e | el e |/t
O = 00 a4 = 40 a = 120
Rectangular W.A.C.A, 0012 0.000{0.008010.000;0.307{0,008710,008|0.42010.0150{0.004
Rectengular N.A.C.A. 23012 .080f .0085]|~.006] .400| .0095}-.004(1.0251 .0161{-.007
Rectangular N.A.C.A. 0012 with O.2¢
aplit flap deflected 60° 9781 ,1718|-.20411.268) .1736]1-.207}1.819} .1755|-.213
Rectangular N.A.GC.4. 2301% with 0.2c
split flap deflected €0 1.042| .1726|-.207|1,341) .1738[~.211[1.B95| .1784{-.218
Rectangular N.A.C.A. 2301% with 0.2c
eplit flap deflected 75 1.109{ .2093(-.199{1.389{ .2095(-,201{1.909 | .2095{~.205
TABLE II - FUSELAGE CHARACTERISTICS
1 1 1
Fuse-{En- | Cn | Cp | Cop{ On | Op |TGwp{ Oy O { Cump{n | S {Cwp{OL | Cp | Cmp
lage |gline a =0 a =40 a=8° a =120 a =16°
Round| ¥None]0.000] .0041].0004.001 | 0042 ].016}.005].0048 | .0281,011}.0063]|.035 | .019].0085|.038

%Pitching—moment coafficient about the quarter-chord point of the fuselage.

‘O 810§ TBOFUUOOL *V'O'V'N

0%9
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TABLE III - LI

FT AND INTERFERENCE, DBAG AND INT
AND INTERFERENCE OF FUSELAGE IN

ERFERENCE, AND PITCEING MOMENT
WING-FUSELAGE COMBINATIONS

A A A A
s acy | Bop, By, /4. C, Cp, Cm /a ACy, Cp, Cm /2
natlon
a =Q° o = 49 u =129

271 0.035 | 0.0045 | -0.001 | 0.056 | 0.0048 0.000 | 0.096 | 0.,0058 0.010
lgve -.084 | -.0113 -.000 | ~.012 | ~-.0102 ~.006 014 | -.0070 .012
1gm3 ~121 | -.0243 018 | -.106 | -.0246 023 | -.0m | -.0217 .040
1ppg | -.BB4 | ~.1077 113 | ~.545 | ~.1100 118 | ~.470 | ~.1105 131
1376 -. 655 -.1229 144 -.626 -.1267 153 -.540 ~:1272 .168
1276 -.080 | ~-.0105 .014 | -.068 | -.0102 014 | -.056 .0245 ~.006
Loy -.100 | -.0070 033 | -,082 | -.0089 .039 | ~.081 0209 .018
1278 -.633 | -.1097 J146 | —~.802 | -.1133 154 | —=.519 | —.llal .165

279 ~. 087 .0046 —~s001 | -—-.015 .0049 .000 .013 .0059 -.005
1280 -,060 | ~-00LT 018 | -.051 | ~.0013 022 | -.043 0030 .025
toga -.139 .0021 .034 | ~.120 .0035 035 | =.113 0027 037
12g2 -.591 | -.0954 147 { ~.570 | =-.1007 ,148 | -.518 | -.1046 .146
1oe3 ~.474 | -.0588 J1%4 | —l.457 | -.0659 135 | ~.406 | -.0748 .120

204 -.015 .0031 ~.004 .006 .0029 .003 .039 .0033 .014
1285 -,101 | -.007% .031 | -.086 | ~0073 .035 | -.060 { -.0055 .049

286 .010 . 0032 ~.002 .027 L0031 .002 061 .0044 013
1.87 -0 -.0110 .0l4 ~.059 -.0114 .015 ~-.033 ~.0055 024
‘esg ~.089 | -.0129 ,020 | -.081 | -.0113 020 | -.051 | -.0082 .026

ding airfoil with full-span split flap.

1The values given represent the differences between the characterietics of each combination

and those of the correspon

0%S °*ON 930N IBoTUUSel R R A
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SABLE V. - PRIMOIEAL, ACRODYMAMIC UMARADTERIGEICS OF WING-FUDKLAGK OOMBINATIONS
igﬂ' i~ [ADELe (L1 derody- Lirt sosf~ |"op
Dlsgrems Tepreesnting oombiomti bios Remarks 211 :t'-"s lapa 32’ s g o | % tu%n&::'::r:;u- KL o0~ [REF 00
: e86L oomblpations - Eead - slope L t | @ont
tion L7 oo '°“‘-"3‘Lp-r ) :t:fi‘.i nin puu?m burble tgv: u;.
i greo : 8.9 x [L7x
ifo x/o {asg,) .A-,E.EG . " %Lap w' o
Reciangular M.A.0.A, 0012 airfoil with round fuselage
- | Wihg alons - - - lo.orr lo.es |o.coso [o.00 |o.c0  |o.000 | Aus U L)
- Wing alone I.]t.ﬂl
- 5#;53‘:'{.:'%,2‘ - - - om0 T |- - " a1 - c2,20 |°2.15
C J“ " 1 B ::-"-h u;d;ﬁu
are! 4
H a7 plaster 8 o | o |.ee [es | .ows|.00 |08 |-cor]| 4n7 oL 7L (o154
finish At
; Junsturss
- Tapared fillets} ' 1 L o, n
I = A ] plaster finish: | O . 0 07T - 16 - - ~,20 - 2.5% [ 2.21
’ ¥ TN 1| are |6F spiit tiap 4 '
| - - r]-.pernd tillets; R . K o
e ————— e73 “miih;il::; 0 34 a om | - Jas | - - -.18 - 83,37 | %2.13
L
—= 1 " 1 Taperad f1llets; f
: #T4 | plaster rinish: | D . o ‘o8| - o6e| .88 - e | M °1.87 | %1.19
ii Py 609 split flap '
— —T V| Y | o1 {piretan simen: : o1 ones | 8 ou LS %1,80 | ®
ter t 10 .1 D v - . . v -, 08% 1. 1.80 | “1.77
@I—.ib-l—-—-\sb —-—l B8’ epiic rups : _
H . Tapered fillatsy .
= N = | 216 | paster Fintent! | 0 6 | o |Tem|- |Tas |- |- o9, - 60| B0
L —  J— 1 . | 60° split flep r : X

C¥d “0K e3of TWOTUIONl 'Y OY'E

g eTqaL
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TABLE V. (Qomt.)

3
com- tangt= | Yrni-| 60 (CRT o || fdemer | o | diglea | s
= 1 9p
Degrams roposenting corbdneilons l‘:i.:- Remmxka poei- | post- :::E a;l.’::e ciency | etz | V0P | cumber B intai:rrunol 11£:°- g::c
tHon iion ting im", Inobor poaition huzlh B |R=
afo /o 1y a a g a 8.8 x |3.7x
Lyn () [
{deg.) | A= 6,86 10 10
Uwplangular N.A,G.i. 0018 airfoll with romnd fuselage
(Fn:l'r-rm\—
anoa
[\; L 13::3 gl}:t‘;” [ 0 0 o8l | .85 0115 .00| .o30 000 B0 " .ow| 8,22
' P. (¢h] }
o/
Tapered [lllata;
[ “/X . 277 |plester finish: | © 0 "] taora| - Tt - - L) - M.60] %16
[ —\ | £ 1 50° wplit Nsp i )
N - a
VaRs Tapered flllets)
278 ater fiplsh: | o 0 0 081 - . 1.02 ML) = ' B
[ e o’ | It | ?“H wlit fap [+210] 082 B]. 5 " .40| M40
b= 4p :l
. Tapered fillatn 8
Q 279 | plaater finish | 0 -3k 0 082 .85 o128 .00| .018 -001| M. %1.60) °180
L e . | '
! - 0
Taparsd fllleta;
£80 | plaster finishi L] ’ v
609 aplit flsp | O -3 0 L6 - A7 - - -,18 - 92,261 %23
| — S - .
 Im—— 1
(1 Taparad fillet .
y - S8 ar finleh:
f— AlA ) 0 it flap | © -eh o |Tom| - §Tae | - | - Tt - %2.20{ S2.0n
| - | 1 |
—l | 08338 -
Tapsred fillass .
I.__g ~ 46| o83 Eggm, rimiaht | o . o ST - o708| 120 | oo | -om] Mg 1,021 %179
 — T Sy L ] !ﬂ“ flep
| I I
]‘-—;(- N WL | Tapered, fillatei| . : :
- Al A 283 glaster finieh:) 0 -0 o - 004|180 | -8 | -0m | Mg P96 [ .83
'——\_J_/—-J with afdition
to flap
i
; . |
. i I:;! ' i
' . RN TR T TR Lo o

0¥d *OX #A0F TWOTEORL "Y O ¥ L

{ePwoiyuop) g wiqel
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TABLE V. {Oonol.)

e Lift 474 ooef-
o apa) | | | |, [, | o | B | e
Diagrsms remressmiing ocmbinations blne~ Aemmrks pont= | poal- :t:f r;g” cAescy Suin Lopy oedter 0'0 ﬂ;ﬁf"m fﬁ:"'ﬂ
Hon #lon | tion | ying | degres) TRoVOT posdti 1 2e |1
/o /o i s N n, 8.8« (3.7 x
T8 ry " 10" | 10°
Rectangular N.A.Q.A, 235012 airfoil with round fuselags
- | wing slone - - - om |*.85 ooos5| .22 | 007 | -ood  As "6 %143
- Wing alone
vith Mill-spaa| - - - ok | - ar |- - T - 52,32 |%2.3
- | mpist flap
dafleatsd 6O°
- alons '
N nl_tf:u_m - - - 088 | - Ter | - - -20 - %e.37 |%2.25
[
al.ﬂf'm:l&?'rs"
ored £11-
. h e84 |Lats; paasier | 0 o o 082 | ‘.85 ou* 08 | .omk |- "M By B
. n
Tepered {111ais
f 4 F = R e o ) o {”.om v ' b
4 r =0 ) o - . - - - - 03 .
\ L o v T L 2,03 | "2.04
e ’ ered £i1la
[ k}L 266 |plaster finted] © as | o | .2 |%es | .omy| 4| .06 |-.c0f A "L.s6 L P1ag
4 fillets
= ﬁ/-\\l"‘ - Tapared fille o 16 o | "o | - i | - - . - o210 |92,
J\/ wplit flsp
frapored. 1110
P s v L] L
f {\I/‘E 258 ppla .pnl-l:mu 0 .16 0 o6 | - 80 - - -7 - °2.10 |°e.08

'l.-'r.t.eu rafar to types of drag surves essooimtod with the interfsrencs borble as follows

Crgp® Gy,

Coe

"r-u:

Typa A

-

* Lettars refar o conditlon At maxiwus 1ifi ss 'l‘olla-l ‘muuum.v atendy ab

h.l-ll. loas of ilft hayomd °L_;‘ 91arge loss of 1ift heyond L) and unurt.ni.n Yalus of 0: .

? poar agreemant,
* Poar agrgsment
:Pﬂﬂ'l‘ agreomant

Rapid inarasse

in high-mpecd range.

Over wholp Tange.
in higk-11ft range.

in dreg preceding dstinits braskdows.
T¥alue thet 1s averaged over usaful rangs.
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285

Figure l.- Combinations 373, 385, and 278, showing split flaps.

Figure 3. - Combinatlon 283, showing air brake.
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