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INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF EIGHT
COMBINATIONS IN THE N.A,C.A. VARIABLE~-DENSITY TUNNEL
COMBINATIONS WITH TAPERED FILLETS AND
STRAIGHT-SIDE JUNCTURES

By Albert Sherman
SUMMARY

The round fuselage of an unfilleted low-wing combi-
nation was modified to incorporate straight-side Jjunc-
tures. The resulting combination, with or without hori-
zontal tail surfaces, had practically the same aerody-
namic characteristics as the corresponding round-fuselage
tapered-fillet combination,

IZNTRODUCTION

In references 1 to 5 are reported successive phases
of a comprehensive program of investigation of the aero-
dynamic interference between wing and fuselage in prog-
ress in the N.,A.C.,A, variable-density wind tunnel, The
discussion of the program and thec basic part of the re-
search comprising test results for 209 wing-fuselage
combinations are presented in reference 1. The subse-
quent papers deal more extensively with the different
aspects of the investigation.

The standard fuselage shape employed in the wing-
fuselage interference investigation is the round, or
airship-form, fuselage. 1In practical design problems,
the airship form provides an aerodynamically favorable,
structurally strong fuselage, ihen employed in a low-
wing combination, however, the round fuselaze often re-
quires tapercd fillets to avoid an interiersnce burble
and to maintain the favorable aerodyramic characteris-
tics (references 1 and 2), Such a reguirement is dis-
advantageous because fillets may add to the cost and




2 N.A.C.A., Technical Note No. 642

weight, Tests of combinations with the rectangular fu-
selage indicated how the round fuselage could be modi-
fied to remove the necessity for fillets in the low-wing
condition, Fillets serve mainly to fill out the diver-
gent flow passages that are primarily responsible for
the interference burble, (See reoference 1.) The
straight-side junctures formed by the rectangular fuse-
lage when combined with a wing tend to minimize such di-
vergences and their effects (references 1 and 2) although,
on the other hand, the presence of the sharp edges of a
rectangular shape cannot be considered good aerodynamic
prachice, Such test results, however, agree with the
observation that many low-wing airplanes with flat fuse-
lage sides had apparently little need for fillets,.

The present investigation is intended to provide
data on the effects of modifying the round fuselage of
a low-wing combination to produce flat sides at the
junctures while retaining as much as practicable of the
smooth curves afforded by the round fuselage. The model
employed was patterned after the Lockheed Electra air-
plane, an example of the use of flat fuselage sides to
avoid filleting (reference 6). Its characteristics are
compared herein with those of the corresponding round-
fuselage combinations, the effects of adding horizontal
tail surfaces being included. A future report is planned
that will present the results and analysis of the inves-
tigation of the interference between wing-fuselage com-
bination and tail from which the foregoing combinations
were taken,

MODELS AND TESTS

The round fuselage and the tapered N.,A,C,A, 0018-09
airfoil of reference 1 were employed to form the combi-
nations, Only two wing positions were investigated: the
low-wing (wing internally tangent to surface of fuselage)
and, as a matter of routine, the corresponding high-wing,
The tapered fillets were formed of plaster of paris and
were of standard form, (See reference 1,) The straight-
side juncture modification was made also with plaster of
paris added to the original round fuselage (fig. 1) and
resulted in the fuselage shape shown in figures 2 and 3.
The figures show the modification in fuselage shape suf -
ficiently well to permit reproduction within the accuracy
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necessary to repeat the test results, Test experience
with tapered fillets has shown that such modifications
are not very critical as regards dimensions, The junc-
ture regions, formerly smooth plaster surfaces, were pro-
vided with the polished lacguer finish now standard for
the wing-fuselage interference investigation, (See ref-
erence 5.) The horizontal tail surfaces, when added
(fig. 8), wera get at 09 (ig = 09) to the wing (which
was at zero incidence). The projected area is 27 square
inches, and the effective aspect ratio (in the tunnel)
igs 4,58, Figure 4 shows the details of the tail-surface
panecl, Descriptions of the combinations tested are in-
cluded in table V.

The tests were run in the variable-density wind tun-
nel (reference 7) at a test Reynolds Number of approxi-
mately 3,100,000 (effective R = 8,200,000). 1In addition,
values of the maximum 1ift were obtained at a test Reynolds
Number of approximately 1,400,000 (effective R = 3,700,000).
The testing procedure and test precision are about the same
as for an airfoil (reference 7).

" RESULTS

As in the preceding papers on the wing-fuselage in-
terference investigation, the test results are given in
tables I, II, III, IIIa, and V supplemented with figures
5 and 6 to illustrate the discussion, The characteris-
tics are presented as standard nondimensional coeffi-
cients based on the original wing areas of 150 sguarse
inches and on the mean chords of 5 inches, The methods
of analysis and of presentation of the results are ex-
plained in reference 1.

Tables I and II, taken from reference 1, contain the
characteristics of the wing and the fuselage, respective-
1y, Table I1I, continued from reference 5, presents for
the different combinations the sums of the fuselage char-
acteristics and interferences at various angles of at-
tack, Table IIIa presents the sums of the characteris-
tics and interferences of the tail surfaces. The char-
acteristics of the combinations themselves can be deter-
mined by adding the corresponding items in tables I, III,
and I11la; .

Table IV of reference 1, which presents data for
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disconnected combinations (combinations for which the
forces on the components are measured separately), is
discontinued herein hecause no data of this nature were
obtained,

Table V, continued from reference 5, contains the
principal geometric and aerodynamic characteristics of
the combinations, The values d/c and k/c represent
the longitudinal and vertical displacements, respectively,
of the wing quarter-chord axis measured (in mean chord
lengths) positive ahead of and above the guarter-length
point of thesfusclageaxl8s ~The value. ¥o '1a the angle
of wing setting.

The last nine columns of table V present the follow-
inz important aerodynamic characteristics:

-l

a, lift-curve slope (in degree measure) as deter-
mined in the low 1lift coefficient range for
an effective aspect ratio of 6.86. This val-
ue of the aspect ratio differs from the ac-
tual value for thc models because the 1ift
results are not otherwise corrected for tun-
nel-wall interference.

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

Cp , minimum effective profile-drag coefficient
Smin
Cr2 \
<C.D = ) .
: 75 .
mA “min
Cr y optimum 1ift coefficient, il, ., the Lift coef=
uopt s s 37
ficient corresponding to Cp_ , .
€min »
n,, aerodynamic-center position, indicating approxi-
mately the location of the aerodynamic center
ahead of the wing quarter-chord axis as a
fraction of the mean wing chord, DNumerically,
dg
UMa g
n, = SO Bt o 113t
dCL
Coq o pitching moment at zcro 1ift.
o

o kst L coettiiclentwat dine, iuterforienceos burbile,
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i.e,, the value of 1ift coefficient beyond
which the air flow has a tendency to break
down as indicated by an abnormal drag in-
crease,

maximum 1lift coefficient given for two different
values. of the effective Reynolds Number,
(See¢ reference 1,) The turbulence factor
employed in this report to obtain the effec—
tivess R « Srom theptestae Ry disa2 w64

GLmax’

As in reference 2, the values of the effective
Reynolds Number differ somewhat from those given in ref-
erence 1 because of a morc accurate determination of the
turbulence factor for the tunnel, The values of effec-
tive Reynolds Number givon in reference 1 are subject to
corroction by a factioriiofsl i

DISCUSSION

A comparison of the aerodynamic characteristics of
low-wing round-fuselage combinations for the unfilleted,
filleted, and straight-side juncturc conditions are pre-
sented in figure 5, The minimum drags of the three com-
binations are approximately the same, the variation be-
ing but little outside possible experimental error, The
unfilleted round-fuselage combination exhibits a moder-
ately early interference burble and a reduced value of
the maximum 1ift coefficient., The drag and pitching-
moment curves for the other two combinations are approx-
imately the same, and thc measured ratios of Cy, to

max

Co were practically egual,
Cnin .

The pitching-moment characteristics of combinations,
however, are not of much practical interest unless the
effects of horigzontal tail surfaces are included., From
figure 6, it is immediately apparent that the pitching-
moment (and the drag) curves for the low-wing round-fu-
selage combinations with tail surfaces both with straight-
side junctures and tapered fillets are practically iden-
tical., The pitching-moment curve appears satisfactory
as regards slope and shape, and the increments to the min-
imam and induced drags dwe to the horizontal tail sur-
faces are noticeadly small, For purposes of design, the
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increases shown in the maximum 1lift cannot be considered
real because the elevator flaps were undeflected,

Any further analysis of the effects of the horizon-
tal tail surfaces and of their associated interferences
is beyond the scope of this paper and will be covered in
a future report on the intcrference between wing-fuselage
and tail, Only the low-wing combinations have been dis-
cussed as they are the more interesting oncs from consid-
erations of intorference at the wing roots., The high-
wing combinations exhibitced no unusual effects, the gen-
eral conclusions drawn in preceding reports of the wing-
fuselage interference investigation still apply, and their
characteristics are given in table V,

CONCLUDING REMARKS

The modification of a round fuselage to provide
straight-side junctures appeared very effective aerody-
namically., The resulting low-wing combination possessed
practically the same characteristics as the filleted con-
dition, This comparison was unaffected by the addition
of horizontal tail surfaces.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Fsbruary 7 SRl el
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TABLE I - AIRFOIL CHARAGTERISTICS

Taken from reference 1

Cr, Co |Cme 4| CL CBy |Cne sa| Cr 0D, |Ome s
Atfod
o = 0° a = 4° ad = 12°
Tapered N,A.C.A. 0018-09;0,000|0,0093|0,000{ 04305 |0.0099!0.006|0.910|0,0146|0,013
TABLE II ~ FUSELAGE CHARACTERISTICS
Taken from rcference 1
\
CL | Cp | *Cmyp| Cp | Op "Onp| Cn | Op | ¥mp| On | Cp | Cmp| Cn | Cp 1omF
Fuselage| Engine o 0
a = 0° d =4 a = 8° a = 12° a = 16
Round None {.000{.0041| .000(,001{.0042| .016{.005.0049|.028 | .011] .0062 .035{.019(.0085|.038

l1pitching-moment coefficient about the quarter-chord point of the fuselage.
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TABLE III - LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING
MOMENT AND INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS

Combination e ACDG 8ng /4 | 0L ACDe ACmc'é 0, ACDe ACmC/4
a =00 a= Yo a = 120

306 0.008 0.0029'~o.001 0.019{0.0033(0,003 | 0.04Y4{0.0059|0.,012

307 ~.008 | 40029 001 | ,O13| .0028| .005 .037 | 004y | ,011

308 -.017 | 40025 .009 |=~,011| ,0027| .017 | =.004 .0052| .032

309 .017 | 0025/ -.,009 | .036| .0027|-.004 .0u6| ,0047| ,006

TABLE IIla -~ LIFT AND INTERFERENCE, DRAG AWD INTERFERENCE, AND PITCHING
MOMENT AND INTERFERENCE OF TAIL SURFACES IN COMBINATIONS

c. | AC, |4 AG, | AE., &G, |40 AC
Combination i 0
a = 0° * o =4 o =12
310 0.005|0,0011| ©.009 | 0.030|0.0012{~-0,050 |0.097 {0.0025 |-~0.190
311 -.,005| .0011{-.009 ,022| ,0015| -+062 | .078| .00UL| ~.166
312 "0003 .OOO? 0020 0027 .OOOS "0037 0083 00015 "‘0172
313 .003| .0007| ~,020 .027| .oo14| -.073 | .061| .0038| ~.171
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TABLE V. PRINCIPAL AERODYNAMIC CHARACTERISTICS OF COMBINATIONS -
o
Angle | Lift- Aerody- Lift coef- BGen &
Longi- | Verti-|of wing | curve Span namic ficient at .3 E
tudinal | cal set- slope effi- (Cp Cr, center cmo interfer- Effec- | Effec- S
Com~ posi~ posi- | ting (per ciency| ©min opt | posi- ence burble| tive tive =)
Diagrams representing combinations [bina Remarks tion tion fes degree) | factor tion o R= R = -
tion 8 ) Cy, 8l x| 830 % 4
a/e k/c | (deg.) | A=6.86 %o 1b 106 106 B
=
Tapered N.A.C.A. 0018-09 airfoil with round fuselage °
Wing alone - - - 0.077 (0.80 |(0.0093 | 0.00 | 0.020 |0.000 A1.a ©1.48 €1.23 5
SSis o | With tapered fillets (Same
“_‘1i;_:§;i?47 208 s B Choss 207 Ihaatersa] &Y | oia 0 .080 | .85 | .0223 | -.03| .033 (-.001| 1.6 |c1.65 |[%1.38
ﬁniah’
With tapered fillets (Same
b t1 334, fer-
P, SOt ey, aeats Tor ot B -.23 0 .081 | %.85w | o122l Coa liaslosol| Yoor |l Auis S sya (i85 ce
ﬂnish)
f 5
308 |With straight-side junctures| O .22 0 .078 | .85 | .0118 [ -.08| .041 | .010| 21.5 b1.58 | ®1.37
::::r———————————-——————(/’i\l—“* 309 |- - do - - - 0 -.23 0 .079 | ‘85 | .o118| .03| .o041|-.010 415 °1.50 |%1.33
\
With straight-side junctures 5
310 |horizontal tail surfaces, 0 .22 0 .086 .85 .0128 .02 | -.137 .016 A7 01.76 81.46
fg= 0°
5
@ 311 (- -do - - - 0 -.22 0 .086 | .85 | .0128 | -.02 | -.133 |-.016| 41.6 ©1.66 |21.40
With tapered fillets, hori- s a
312 zontalotail surfaces, 0o .22 0 .087 .85 .0129 .02 | -.133 .019 4.8 c1.84 1.50
1g = O
@ 313 |- - do - - - 0 -.22 0 .087 |°.85 | .o128 | -.02| -.127 |-.o18] 1.7 °1.72 |®1.37
1Letters refer to types of drag curves associated with the interference burble as follows: “Letters refer to condition at maximum 1ift as follows:

Cp cl‘i = OLIIIX

Type A

ODe
Oy,
Type C

areasonably steady at ClLp,y

Pemall lose of 1ift beyond O s

Clarge loss of 1ift beyond cbmax and uncertain value of CLIM.X
“Poor agreement over whole range

°Poor agreement in high-1ift range

R CUM
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Figure 2. — Combination 309 (Combination 308 inverted) showing cross-section
shape of straignht-side junctures.

4L C A
427804

Figure 3. - Combination 311 (combinatibn 310 inverted) showing straight-side
junctures and horizontal tail surfaces
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