e

TECHENICAL NOTES

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

INTCRFERENCE OF WING AND FUSELAGE FROM TESTS OF

18 COMBINATIONS IN THE N.A.C.4A. VARIABLE-DENSITY TUNNEL
COMBINATIONS WITH SPLIT FLAPS

By Albert Sherman j
Langley Memorial Aeronautical Laboratory |
|

TS DOCREEHT Gl LOAN FRGU T

NATIDRAL ADVISORY COMMITTRE
LARGLEY AERONAUTICAL LARG ;
LANGLEY FIELD, HAMPTON, VIRGINIA |

FOR AENONAUTIOS [T ——————— ‘

RETURN TO THE ABOVE ADDRESS, ‘

REQUESTS FOR PUBLICATIONS SHOULD BE ADDREBBED ‘

AS FOLLOWS: ‘
Washington \

NATIONAL ADVISORY COMMITTEE FOR AERONAUTIAS March 1938 |

1724 F STREET, N.W.,

WASHINGTON 25, D.C.






NATIOWAL 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 N.A.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 to exert their influence indepcnd-
ently of the interference, and their effects on the aero~-
dynamic characteristics of rectangular-airfoil combina-
tions appeared to be more or lecss proportional to their
cxposed span lengths. The interference, moreover, showed
the same character with the split flaps as without them.

INTRODUCTION

An cxtensive program of research is being conducted
in the N.A.C.A. variable-density wind tunnel on the inter-
ference betwecen wing and fuselage at large values of the
Reynolds Number (refercnces 1, 2, and 3)., Reference 1
outlined the wing-fuselage interference program and pre-
sented the initial and basic parts thereof, comprising
test results 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, juncture shape, and fuselage shape. The
investigation was subsequently continued mainly with re-
gard to fusclage shape and comprised combinations with
round, rectangular, triangular, elliptical, and airfoil-
tyvpe fusclages.

The wide employment of split flaps in design indicate
ed that information would be desirable concerning the in-
terferences associated with wing—~fuselage combinations
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having split flaps. Medium~camber or thick wing sections
are known to be less affected by the interference of a fu-—
selage than small-camber or moderately thick profiles
(6eze, the N.A.C.A. 0012). In reference 3, moreover, it
appeared that the effects of adding a split flap to a
tapered wing having a thick section at the root were lit-
tle influenced by the presence of a fuselage. In the
phase of the investigation reported herein, therefore,
various split-flap arrangements were added to wing-fusc-
lage combinations having rectangular N.A.C.A. 0012 air-
foils, and their effeets, mainly with regard to the maxi-
mum lift, were determined. The descriptions in tadle V
of the combinations tested indicate the scope of the ex-
perimental investigation.

LODELS AND TESTS

The wing models employed were rectangular 5- by 30—
inch duralumin airfoils of N.A.C.A. 0012 (see reference 1),
and NeAsC.,A. 23012 (reference 4) profiles. The N.A.C.A,
0012 airfoill is "standard" as a critical airfoil for the
wing~fuselaze interference investigation. The N.4A.C.A.
23012 was included to show the effect on the interference
associated with the use of a more recent profile. These
wings wecre combined only with the round fuselage (refer=-
ence 1), which is an airship form of polished duralumin,
204156 inches in length, having a fineness ratio of 5.86.
The various flap arrangements were made of brass plate
and had sharpened trailing edges. They were all 20 per-
cent of the wing chord in width and had the deflections,
spoen lengths, and span vositions indicated ia table V,
The fillets were formed of smoothly finished plaster of
paris os indicated in the third column of table V. Photo-
graphs of representative combinations are shown in fig-
wre L Samide 2,

The tests were performed in the wvariable-density wind
tunnel (reference 5) at a test Reynolds Number of approx-
imately 3,100,000 (effective R = 8,200,000). In addition,
values of the maximum 1ift coefficient were obtained at a
reduced spced corresponding to ~ test Reynolds Number of
approximately 1,400,000 (effective R = 3,700,000). The
testing procedure and test preecision, which are practical-
ly the same as for an airfoil alone, are fully described
in referonce 1, Since the tests of reference 1 were made,
a smalll gdditional correctdon of .lesgs than -1 percent has



WeAoColAs Technienl Note No.. 640 3

been applied to the measurement of the dynamic pressure g
to improve the precision of the results.

RESULTS

The test data are given in the game manner as in ref-
erence 1, in whid +the methods of analysis and of presen~
tation of the rvesults are fully digcusscd.

Ag in the preceding reports of the interference pro-
gram (references 1, 2, and 3), 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
given represent the differences between the characteristics
of cach combination and those of the wing alone or of the
wing with a full-span split flap. Thus, for convenience,
the effects of reductions in the flap span or of changes
in the flap shape are included in the interference of the
fuselage. Obviously, the characteristicsg of the combina-
tions themselves can, if desired, be obtained by adding
corresponding items in tables I and III. Table IV of the
program (see reference l), which presents interference
data for disconnected combinations, is not continued here-
in because no additional combinations of this character

were investigated.

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

The last nine columns of the table present the fol-
lowing important characteristics as standard nondimen-
sional coefficients based on the original wing areas of
150 square inches:

o, lift-curve slope (in dezree measure) as deter-
mined in tho low-coefficient range for an ef-
fective aspect ratio of 6.86+ This walue of
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the asvect ratio differs from the actual value
for the models because the 1ift results are not
otherwise corrected for tunnel-wall interfer-—
ence. For mogt of the combingtions with split
flaps, values averaged over the useful range of
1ift coefficient are given.

Oswald's :airplane, or span, efficiency factor.
(See reference 1,.)

minimum effective profile-drag coefficient

et
<CD ~ —L—) . For most of the combinations

AL Z .

min

with split flaps, average values of the drag
taken over the useful range of 1ift coefficient
and accurate to within about 5 percent are given
instead. '

optimum” 111" coefficient, i.es5; the 1ift coeffi-
cient corresvonding to Oy ?

e .

min

aerodynamic~center position indicating approxi-
mately the location of the aerodynamic center
ahead of the wing quarter-chord axis as a frac-

tion of the wing chord. Numerically n, egquals
oo

”;~9£$ at zero 1lift.

dCy,

Pitching~moment coefficient at zero 1lift about
the wing quarter-chord axis. For most of the
combinations with split flaps, average valuss
of the moment taken over the useful range of
1ift coefficient and accurate to within about 5
Percent are given instead.

lift coefficient at the interference burdle,
i.8,, the value of the 1lift coefficient beyond
which the air flow has a tendency to break down
as indicated by an abnormal increase in the
drago

maximum 1ift coefficient given for two differw
ent values of the effective Reynolds Number.
(See reference 1.) The turbulence factor em-
Ployed in this report to obtain the effective
B -Ifen the fest R ig 2.64,
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Ag in reference 2, the values of the effective
Reynolds Number differ somewhat from those given in ref-
erence 1 because of a later more accurate determination
o:f stlies turbulence factor for the tunnel. - The walusg of
the effective Reynolds Number given in reference 1 are
subjeetuve correcitiion by a Lactor vof Lwi.

Figures & 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 displacements produced dy split flaps.

DISCUSSION

Full~span flaps.- The main effects upon the aerody-—
namic characteristics of an airfoil due to deflecting a
split flap are: An increment is added to the maximum 1ift,
the 1ift curve is displaced toward the negative angles,
and large drag and negative pitching—-moment increments are
applieds When a deflected full-gpan split flap is added
to o combination of a rectangular airfoil and a round fu-
selage, these results are apparently but little modified.
The flaps act more or less independently of the interfer-
ence, which shows a similar character for combinhtions
with or without split flaps. The effects of the interfer-

.ence are most noticeable with respect to the interference

burble and the maximum 1ift, because the action of the
flap generally overshadows the effects on the other char-
acteristics. Figure 3 illustrates the effect of the ver-
tical vosition (with respect to the fuselage) of a flapved
wing upon the interference. Definite interference effects
on the drag, the pitching moment, and the lift-curve dis-—
placement con be seen that vary with wing position, but
they are small compared with the results of adding a split

"flap and with the interference on the lift—-curve peakss

It is interesting to note that the maximum lifts are af-
fected in their absolute magnitude just as for combinations
without gplit flaps (compare table V) and, moreover, that
the interference burble for the midwing comdinations with
and without flaps occurs at approximately the same angle

of attack. (See reference 1,) Likewise, different air-
foil profiles show the same relative susceptibility to the
interference burble when combined in the midwing position
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lops or without flaps. (Compare combinations with
G B, (D02 andielr, M0 A & 228012k ipeetionsulige talr foiiligl in
le V; and, also, compare combinations with tapered
«Cole 0018-09 wing and elliptical fuselage in reference
R The W.A.C.A. 23012 profile (1.8 percent maximum cam-
ber, 15 percent back of ‘the leading edge) was somewhat
less susceptible than the W.A.C.A. 0012 (zero camber) as
regards the interference burble. Thig result was to be
expectecd from consideration of its mean-line shape. The
gddition of gplit flaps produced little change in thig re-
1 atiron sl pie

Reduced-span flaps.- In practical applications, flaps
of only partial span are often used to accommodate ordi-
nary ailerons. The cost in maximum~lift increment for the
rectangular wings is approximately proportional to the re-
duction in flap span, being more than proportional to the
span 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 13ift are similarly affected.

Cut-outs in flaps.- Also for practical reasons, gaps
are often left in split flaps at the inner ends near the
fugelage. - Such cut-outs of fairly large size were lnves-
tigated (table V). Figure 5 shows that the cost in maxi-
mum lift, although appreciable, may not be serious. (See

wles” Hable T, )

Thie topposite 'of 'a £lap cubsout, that isg, o flap addi-
tion ‘such as employed for an air brake on a low-wing ciom-
bination (fig. 2), showed very little effect except on the
drag (table V, combination 283).

Drag and pitching moment.- The split flaps had very
large effects on both the effective profile drag and the
pitching moment. These characteristics for the large-
span flaps exhibited, however, a negligible variation with
angle of attack over the useful range of 1lift. In table
Y pbhere fore 30 won possible to gilve feyr this rangs 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 be taken as
approximately proportional to the exposed span length of
the flapse.

It may be concluded that split flaps on rectangular
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wings behave predictably and do not materially alter the
wing~fuselage interference, particularly as regards the
burblce.

Langley Mcmorial Aeronautical Laboratory,
National Advisory Committec for Aeronautics,
Langley Field, Va., February 9, 1938.
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TABLE I - AIRFOIL

CHARACTERISTICS

~n

CL vD Cm cL | °p Cry cL | Cp Cry
€ c/4 c/4 € 4
Airfoil / n / i
o = 0° a = 4° a :120
Rectangular ¥.A.C,A. 0012 0.000{0.008010.000/0.307{0,008710.003|0.,920 [{0.0150|0.004
Rectangular N.A.C.A. 23012 .0%0| .0085|-.006( .400| .0095|-.004{1.025| .0lcl|{-.007
Rectangular N.A.C.A. 0012 with O.Zc
split flap deflected 60° 975| 1718~.2804[1.268| .1736{-.20711.819| .1755|-.213
Rectangular N.A.C.A. 2301% with 0.2c
split flap deflected 60 1.042| 1726|=.20711.341| .1738|-.211]1.895| .1754|-.218
Rectangular N.A.C.A. 2301% with O.2c
split flap deflected 75 1.109| 2093 |-.199[1.389| 2095 |-+.201 |1.909 | 2095|-.205
TABLE II - FUSELAGE CHARACTERISTICS
i 1 1
Puse-|En- | Cp | Cp | Omp| Oy | Cp |*Cmp| C1 | Cp Cop (€, | Cp | Cmwp {Cr | Cp | Cmp
thgn | eine a =0° o =40 o =80 d =120 @ =160
Round| None|{0.000|.0041|,000{.001 | .004 |.016(.005{.004% | .028 |.011|.00862|.035 | .019].0085.038

1Pitching-—moment coefficient about the quarter-chord point of the fuselage.

o e
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TABLE III - LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT
AND INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS

A A A / \ AR \
Comoi | “, g4 4%, e L\Cmc/ o] % O Lcmc/ 4
vomO1l—~
nstion
a =Q° @ = 490 n =120
27 0.035 0.0045 -0.001 0.056 0.0048 0.000 0.096 0,0058 0.010
teoe -.024 -.0113 -.009 -.012 -.0102 -.006 .014 ~-.0070 .012
178 -.121 -.0243 +018 -.106 -.0c46 023 -.073 ~e0217 .040
ey —-.564 -.1077 A1 —.545 -.1100 SR8 -.470 ~¢1105 .131
1a7s -+ 635 -.1229 .144 -.626 -.1267 i L] -.040 ~. 1272 168
e -.080 -.0105 .01l4 -.068 -.0102 014 -.056 0245 -.006
o -.100 -.0070 .033 -.082 -.0069 .039 -.051 .0209 <016
lz7e -, 638 -.1097 1486 —. 0602 -.1133 .154 =019 ~.1141 165
279 -.037 .0046 -.001 -.015 .0049 .000 .013 <0058 -.005
iB?O -.060 -.0017 + 018 -.051 -.0013 «022 —-.043 .0030 .025
<81 -.13S « 0021 034 -«130 0035 +0B85 -.113 «0027 037
lzg2 =594, -.0954 147 -.570 -.1007 .148 -.518 ~.1046 .146
1283 -, 474 -.0588 134 —-e457 -.0659 «133 -.406 ~.0748 «120
<84 -.015 .C031 -,004 .006 0029 .003 «0&9 0033 014
logs -.101 -.0079 <031 -.086 -.0073 .035 -.060 -.0055 .049
286 Aale; .0032 -.002 027 .0031 002 .061 .0044 OALES
leay -.072 -.0110 .014 =059 -.0114 <05 -.033 ~.0055 024
1288 -.089 -.0129 .020 -.081 -.0113 .020 -.051 ~.0082 026
|

1
The values given represent the differences between the characteristics of each combination
and those of the corresponding airfoil with full-span split flap.

SN AR
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TABLE V. — PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS
2
Longi- | Verti- A?Ele Lift- |gpan Aerody- Difhiccels CLpax
Com-~ tudinal fcal |9 |owrve lerei- |Cp ap i gy [ TLRLORIAY e
Diagrams representing combinations bina- Remarks posi- posi- slope |cjenc, e opt | center 0
tion tion tton | Setiimg(per |fiotow £a3 position BT mye e
iy degree) & e 8R2=x 3 ?:
a e 0 0
a/c k/c e s o Lip o2 =10
Rectangular N.A.C.A, 0012 airfoil with round fuselage
A c c
- Wing alone = = - 0.077 (0.85 0.0080 |0.00 |0.010 0.000 1.5 1.54 [71.39
i Wing alone with
full-span split 7 b c
- | flap deflected | - = I o [ i el - -.21 - 2,20 |%2.15
60°
iy With ordinary
C ) tapered fillets 4 A c
271 | and plaster 0 0. 34 0 .082 | .85 .0125 | .00 | .015 -.001 LT 171 |®1.54
finish at
junctures
_ Tapered fillets; » - . c c
=~ W/Y\\T ] plaster finish: (o] .34 0 Q77 ¥ -16 i ¥ -.20 = 2.33 2.21
! ) 272 | 60° split flap
W = Tl{pered fillets; . S 3 5 c
[ = 1 plaster finish: 0 .34 0 .078 - s = - -.18 - 2.1 2.1
T T S g | | R e e | 273 | 60° eplit flaps i ¢ g .
SR e
[ 1 Tapered fillets; 5 2 A
] 274 %gster finish: | O .34 0 .078 - 06321 .85 |5~ -.09 1.8 e1.97 |91 .79
b Al split flap
= ] Tapered fillets; A
e = 275 |plaster finish: |0 .34 0 .081 - .0465 | .85 .04 -.063 1.8 9160121 717
=235 60° split flaps
I Tapered fillets; 7 7
E 7 ] 276 | plaster finish: | O .16 0 079 | - .16 = - 1o - 81.80 | P1.83
[ 1\/{ T | 60° split flap

“Of 930N [WOTUYOSL ‘'V'O'V'K
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TABLE V. (Cont.)

2
- Lift coef-
s Longi- | Verti-| Angle | Lift= g0, Aerody- | ficient at *tnax
O tudinal| cal 1 effi- | Cp Cy, namic- m interference | Effec-|Effec
Diagrams representing combinations bina- Remarks e posi- | Wng |slope | iy ®min OPt | center 0 burble tive |[tive
tion tion tion :f;é gg;iee) factor position : e
d/e k/c g a e ng cLib B.asx 3.7sx
(deg.) | A=6,86 10 10
Rectangular N.A.C.A. 0012 airfoil with round fuselage
(From refer-
ence 1) B
] 137 |Tapered fillets;| O o) 0 .081 .85 .0115 .00 .030 .000 1.0 81.23| .22
— plaster finish
Tapered fillets; , 7
; 277 [plaster finish: | O 0 0 .078 - A7 = = -7 = 21.80( ®1.80
= 60° split flap
Tapered fillets;
. ] 278 |plaster finish: | o 0 0 .081 = .0590| 1.02 .0l4 -.062 B 3 81.40| 21.40
60”7 split flap
Tapered fillets; 5 % c ¢
279 | plaster finish (o} -.34 0 .082 .85 .0126 .00 .018 -.001 1.6 i 60 =L 50
= |
i =
Tapered fillets;
280 | plaster finish: 7 7
60° split flap 0 -.34 o .076 - a7 - - -.18 - c2.26| %243
[ =]
| ! 3
Tapered fillets
281 | plaster finish: 7 %
. 60° split flap 0 T o] .077 - .18 - = -.17 - ¢2.20( c2.07
| % 1 |
— \L——.0633b =
Tapered fillets 7
e ﬁ_ﬂ,.’ 280 Blketer sinichi| O <% o Se5 o e .0706| 1.20 | -.00% -.056| Mg °1.92 | %179
C 2 ) 60° split flap
o Tapered fillets; . = A
3| plaster finish: | O -.34 0 .078 - .1004| 1.50 | -.018 -.061 1L €1.96 | 2.8,
L 2 60° gplit flap g ? -/

with addition
to flap

0%9 "ON 930K [®OTUYOSL ‘Y 'O°'V'N
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TABLE V. (Comol.)

Lift Lift coef- 3
o Longi- | Verti- glfxgle curve | Span Aerody- ficient at Laax
Dt 4 o RitarE tudinal| cal wing | slope | offi- | Cp Opig sy |Possic= |0y interference| Effec-|kffec-
agrams representing combinations tig:_ omarLs posi- posi- | gt | (per ciency ®min op cun::: ° burble tive |tive
tion tion ting | degree) factor position 1 R= Rs
a/e x/c 0 a ° n, cl'ib B-asx 3-761
(deg.) A=6.86 10 10
Rectangular N.A.C.A. 23012 airfoil with round fuselage
W s A €1.61 (%143
- ing alone - - - .078 .85 .0085 32 .007 -.007 L6 . B
& Wing alone L] }
with full-span| - — £ 074 - sl - - -.21 - ©2.32 |C2.24
= split flap
deflected 60°
i Wing alone 7
with full-span| - = = .068 | - o = = =50 = ®2.37 [%2.25
~ |split flap
deflected 75°
Tapered fil- 6 b.
; : > s 284 |1ets; plaster | 0 0 0 082 | ®8s | .on7 .08 | .oz |[-.om1| °Aia 1.47 | B.m
finish
Tapered fillets:
| ) 285 |plaster finish . 5 = b b
E ' ] 60° split flep| O 0 (¢] .079 - AT - - -.17 - 2.03 a.ot.‘
jr\ Tapered fillets| . 5 b b
C J Uy = 286 |plaster finish| O 16 0 082 .85 0117 .14 .016 -.010 1.5 1.56 1.48|
Tapered fillets| 7 7 7
E s N ] 287 |plaster finish: o -16 0 oTT = -16 2 o~ --19 = =2°30 S0
L ¥ ) 60° split flap
\ti Tapered fillets; ; 7 3
e > = = 288 plaster Tinishi o .16 0 076 | - .20 - - -7 - ®2.10 | ®2.08|
75° split flap
.
lLett,ere refer to types of drag curves associated with the interference burble as follows 3poor agreement in high-speed range.
* Poor agreement over whole range.
Crip® Cx,mm / ® Poor agreement in high-1ift range.
CD Cnc CDe ‘Rnpid increase in drag preceding definite breakdown.
% o 7Value that 1s averaged over useful range.
Lib Crib
C
Type A ox Type B L Typec L
.Lette!‘s refer to condition at maximum 1lift as follows: 8reasonably steady at Clﬁnu;
bJMll loss of 1ift beyond an‘ ; Clarge loss of 1ift beyond chx and uncertain value of chax'
x

0¥9 °"ON ©30f [®OTUWOS] “YV'O'V'N
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Figure

1.- Combinations 272, 285, and 278, showing split flaps.

285

278

Figure 2. - Combination 283, showing air brake.
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Figure 3. - Obaracteristics for various vertioal wing positioms. Rectangular ¥.A.C.A.0012 airfoil with

full-span split flap deflected 60° and round fuselage with Sapsred fillets.
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Figure 5. - Effect of flap cut-outs near fuselage.
with spli:gt flaps deflected 60° and round fuselage with tapered filless.
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