ACR March 1937

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
March 1937 as

Advance Confidential Report
WING-FUSELAGE INTERFERENCE - COMPARISON OF CONVENTIONAL
AND ATRFOIL-TYPE-FUSELAGE COMBINATIONS

By Fastman N. Jacobs and Albert Sherman

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Y, TITTM A P

[LTT% a0 JdnTiine o < g ad

! he i"l'!"".r.»“ “‘-w’é}.’-»n"i\y ;“. .v‘ t: ?
WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

1 < 50O







L-fo9

WING-FUSELAGE INTERFERENCE -~ COMPARISON CF CCNVENTIONAL
AND AIRFOIL-TYPE-FUSELAGE CCMBINATICNS

By Eastman N. Jacobs and Albert Sherman
SUMMARY

Tests of wing-fuselage combinations empnlecying an =2ir-
foil-type fuselage were made in the variable-density wind
tunnel as a‘'vart of the wing-fuselage interference pnrogram
being conducted therein. The models were designed to simu-
late an existing moderate-size transport airplane of that
tyne. The test results showed that for such ‘sizes, at
least, the airfoil-type-fuselage combination should be well
faired in such a way as to elimimate the discontinuity at
the ends of the fuselage, and even then will probably have
to rely largely on other than basic aerodynamic considera-
Gilonia N flor its justification.

INTRODUCTICN

A comprehensive investigaticn of wing-fuselage inter-
ference is in progress in the N.A.C.A. variable-density
tunnel. Results of parts of the investigation have been
reported in references 1 and 2. The general program is
outlined in reference 1. As a part of the program, a wing-
fuselage combinatien consisting of one of the standard
wings combined with an airfoil-typne fuselage was briefly
investizated.

The zirfoil-tyve-Fuselage combination is character-
ized dpy an enlarged and thickened central portion of the
wing. This central portion is made sufficiently large and
thick to accemmodate the vassengers and cargo and other-
wise tc take the place of the usual fuselage. The tail
surfaces are carried on tooms.

The airfoil-type-fuselage combination obviously be-
comes aercodynamically desirable when, for large airplanes,
the space and height requirements of the fuselage portion




are such that it becomes substantially an integral part of
an efficient wing. The whele combination then becomes
simply a flying wing, the characteristics of which should
be readily predicted from airfoil-section data and wing
theory. The type of combination that has been used in
moderate-size transport airplanes, however, requires spe-
cial investigation. It is characterized ty a markedly
thickened and enlarged central portion of the wing having
substantially flat sides. The principal cbject ef the
present investigation was to compare this type of coembina-
tion with one of the best wing-fuselage combinations of
the conventional type,

DESIGN OF MODEL

The principal design requirements were: First, that
the proportions should be somewhat like those of an actual
airplane of the airfoil-fuselage type; and second, that
the wing-fuselage combination should be directly compara-
ble with some of the conventional combtinations previously
investigated, The combination was therefore designed
around the N.A.C.A. 0018-09 tapered airfoil (reference 1).
The ratio of fuselage chord to fuselage span and the ratio
of fuselage thickness to fuselage chord (23 percent) were
taken from the Burnelli UB 14A airplane (reference %)

The fuselage chord was then adjusted to give the airfoil-
type fuselage the same useful volume as the conventional
fuselage previously employed, considering only the forward
60 percent of the conventional fuselage to represent use-
ful volume, This procedure gave:

Airfoil-fuselage UB 14A
model
Fuselage span 0.184 0.175
Wing span - ’
Fuselage chord 1.70 1.67
Wing chord at juncture ’ ’
Fuselage zrea 0.379 0.407

Basic wing area

With regard to the details of the model lay-out (see
figse 1 and 5), existing airplanes of the airfoil-fuselage
¥ 1
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lage was chosen to bring the fuselage guarter—chord axis
in line with that of the wing in the plan view. The angu-
lar setting of the fuselase was chosen to make the zero-
1ift direction for the fuselage parallel to that of the
wing. The height of the wing with resvect to the fuselage
was adjusted so that the upper surface of the wing, begin-
ning somewhat behind the leading edge, as shown in figures
1 and 5, could be made continuous with the upper surface of
the fuselage. The fuselage was formed from the N.A.C.A,
0023 section slightly altered to meet the condition just
mentioned; namely, that the upper surfaces of wing and fu-
selage should be continuous. The practically symmetrical
fuselage sections were employed because airfoil tests in
the variable-density tunnel have indicated that sections
of this thickness may have their characteristics definite-
ly impaired by the use of camber.

As the combination of the wing and airfoil-type fuse-
lage does not provide a suitable mounting for the tail
surfaces, tail booms simulating those employed on the
UB 14A were included on the model. In order to make the
model comparable with the conventional combination, the
tail booms were made long enough to provide a tail-mounting
position at the same distance behind the wing as for the
conventional combination,.

The combination was also modified to include two types
of fillets: First, small fillets between the wing and fu-
selage near the leading and trailing edges of the wing
shown in figures 3 and 6; and second, large fillets, which
are shown in figures 3 and 7, so designed that the discon-
tinuity between the wing and fuselage would be eliminated
as completely as possible without unduly increasing the
frontal area.

TESTS AND RESULTS

The tests and the methods employed for the presentation
of results are substantially the same as those described in
reference l. The results presented in figures 2 and 3 and
in table V (a continuation of table V in references 1 and 2)
are thus intended to be directly comparable with published
results of tests of wing-fuselage interference conducted in
the N.A.C.A. variable-density tunnel. All the coefficients
are calculated on the tasis of the original, or basic, wing
area of 150 square inches.




TISCUSSICN

General comparison.- Obviously these results, as com-—
vrared with those from tests of the conventional-fuselage
combination, do not supply conclusive evidence on which to
tase a final comparison of the relative merits of the air-
foil-type-fuselage airplane. No engines, cowlings, radia-
tors, tail surfaces, or windshields were included. Gome
favorable interference effects might result from the combi-
nation of the engine installation with the thick wing sec-
tions forming the fuselage. On the other hand, the pro-
peller interference would almost certainly be unfavorable,
but the possible small distance between the propeller
thrust axes might be an important consideration.

Factors other than aerodynamic ones may alsc affect
the comparison as, for example, structural ccnsiderations,
landing-gear space, simplicity, window space, and passen-
ger or cargo accommodations. Finally, there is nothing
fixed with regard to the relative dimensions of the wing
and fuselage. The present tests have also shown that the
combination igs sensitive to filleting, so that the compar-
ison would undoubtedly be affected by further fillet mecdi-
fications., Nevertheless, the results of the present tests
should throw scme light on the question of the inherent
relative merit of the airfoil-type-fuselage ccmbination.

tination under consideration has bteen widely discussed
with respect to the 1lift carried by the fuselage. Such
discussions have often implied that the conventional-type
fuselage in a wing-fuselage combtination does not carry
1lift as it should. The results of reference 1 indicate
that this peocint c¢f view is not in accord with experiment.
The observation that the ccnventional combination at a given
angle of attack gives more 1ift than the wing alone at the
same angle cof attack (see fig. 2) indicates, in fact, that
the fuselage tends to carry too much 1lift. This charac-
teristic is accentuated by an airfeil-type fuselage. In
general, the departure from the span load that 'is aercdy-
ramically best will be increased by any "extra" 1lift de-
veloped near the center span by the fuselage. The extra
1ift, however, is not large, owing to the low asprect ratic
of the fuselage pcrticn and to the reduced lift-cuarve
slope for the very thick airfoil section. ts small mag-
nitude is indicated bty the small ‘increase of lift-curve
slope shown for this type c¢f combinaticn in figure 2,




L-Jos

Nevertheless, the extra 1lift might be of some value if it
tended to 2dd to the 1ift at the maximum. Figure 2 does
show a gain in the maximum 1ift coefficient but it is
small as ccmpared with the added lifting surface provided
by the airfoil-~type fuselage.

In order to investigate further the extra 1lift and
the ‘excess induced drag associated with it, the load dis-
tritution was calculated from wing theory by the method
given in reference 4. The calculated load distributicn is
presented in figure 4. The calculated lift-curve slope is
0.078 and agrees within 1 percent with the experimental
value (0,078 from fig. 2 corrected for tunnel-wall inter-
ference)., The agreement of the calculated and experimen-
tal 1lifts indicates that the load-distribution calcula-
tions are satisfactory.

The results show that the fuselage part of the 1lift-
ing surface, comprising 33 percent of the total lifting
area (exposed wing area plus fuselage area) contributes 26
percent of the total 1ift. ©Nevertheless, the excess in-
duced drag, which must be attributed mainly to the concen-
traticen of too much 1lift near center span, is 8.5 percent
as compared with the induced drag of the ideal wing of the
same span and at the same 1lift; that is, the correspond-
ing elliptically loaded wing giving minimum induced drag.
The corresponding excess for the plain wing alene (2:1
taper, orthogonal tips) is 1.1 percent. It is not feasi-
ble to make this calculation for the conventional fuselage
combination,

Drag in high-gspeed flight.- The minimum drag coeffi-
cients from figures 2 and 3 or from table V may be taken
as representative of the drag in high-speed or cruising
WISt ol t, The ccefficient representing the "drag and inter-
ference" due to the airfoil-type fuselage is thus found
from figure 2 to be 0.,0068 as compared with 0.0022 for the
conventicnal fuselage., The minimum drag coefficient of
the combination may be compared with the coefficient com-
puted frem the drag of the component parts, neglecting in-
terference. The component drag coefficients are individ-
ually estimated as follows:




Profile drag of fuselage sections 0.0041
Tip drag for fuselage portion (ref-
erence 5) . 0047
Skin friction on tail booms . 0004
Drag of exposed part of wing . 0068
Tip drag for rectangular wing tips _.0001
Calculated total < Q16!
Experimental total « 0161

The admitted fortuity of the agreement does not de-
tract from the value of the principal conclusicn, drawn
from a consideration of the relative magnitude of the com-
ponents of the calculated minimum drag coefficient, which
is that excessive drag results from the discontinuity be-
tween the wing and fuselage, that is, from the tip drag of
the fuselage portion. The discontinuity producing the
most marked drag increment must be that due to the sharp
upper—-surface corner of the fuselage ahead of the wing.
The importance of this disturbance is indicated by the
marked improvement (reduction from 0.0161 to 0.0145, fig.
3) that resulted from the addition of small nose fillets
that eliminated some of the sharp fuselage corner (fig. 6).
The drag was further reduced (to 0.0135) by the large fil-
lets, which eliminated all the sharp fuselage corners and
faired out the discontinuity (fig. 7), in spite of the
fact that the fillets increased the frontal area. Much
greater drag reduction seems unlikely owing to the high-
drag airfoil sections employed for the fuselage.

The obvicus conclusion reached is that such a well-
faired combination necessarily becomes favorable for large
airplanes, if the design conditions permit modification of
the proportions to the extent that the combination becomes
a well-designed flying wing without excessive center-
section chord and thickness. With the present proportions,
however, even with the large fillets, the minimum drag and
interference due to the airfoil-type fuselage remains 1.9
times that due to the conventional fuselage in the combi-
nation used for comparison. The maximum 1ift coefficient
is 13 percent higher for the airfoil-type~fuselage combi-
nation with favorable fillets. The speed~range index 1is
127 as compared with 132 for the conventional comtination,

Lo«
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It appears, then, thet the airfecil-tyve-fuselage combina-
tion of the present proportions must be well faired in
such a way as to eliminate the discontinuity at the ends
of the fuselage, and even then will probably have to rely
largely on other than basic aerodyuamic considerations for
iits justification,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 15, 1937,
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N.A.C.A. Table 5
Table V.- Principal aerodynamic characteristice of wing-fuselage combinations.

- Dia- Lon- |Ver- | Wing |[Lift- |Span |G c Aero- | C Lift 2 2
grams 8 |Remarks gitu-|{ti- | set~ |curve |effi- Demin| Lopt dynam-| ™0 |coeffi- Loax| “Lmax
repres-| . dinal [oal ting [slope |ciency ic cient |[effec-|effec-
enting | & posi-|posi- (per factor center at in- |tive |tive

- combi- | tion (tion iy |degree) posi- terfer-|R.N.= |[R.N. =
nations| g X . tion ence 8.3x108| 3.7x108

& d/c | x/c . ?urble
e- A.B.= n
grees 6.86 5 CLip
Tapered N.A.C.A. 0018-09 airfoil with
airfoil type fuselage.
Wing

o~ alone ()0 v dre 0.90 [0.0093| 0.00(0.030 |0.000| 41.4 ©1.48 (€1.33

fa) 268 o 0.8 | © .080 | 5.80 | .0161| .00| .024 (-.003| 41.5 (C1.54 (P1.28

L 269| With h

. emall b O | .15 | © .082 | 5.85 | .0145| .03| .039 |-.008| 41.6 [C1.62 [P1.27

= fillets)
270 With Y
transi- s A b
tion > 0 15 0 .085 .90 | .0135| .05/ .037 |-.015| *1.7 [®1.73 |°1.34
fillets
Tapered N.A.C.A. 0018-09 airfoil with
round fuselage.
186 (Compar-
ison A
cor;b.l 0 0 o .079 .90 | .0115| .00| .040 | .000| *1.5 |[C®1.52 | 1.25
ref.

1 Letters r

(2 0 )

N.A.C.A.

368

269

270

[
186

efer to types of drag curves associated with the i

Cp, f’cbib‘ Lmax  cp,

Type

A

ﬁa*chs

/
/
/

CLip

Type B

2 Letters refer to condition at maximum 1ift as follows,

a Reasonably steady at Cp

b Small loss of 1ift beyo

. ¢ Large loss of 1ift beyond chax and uncertain value of Clmax

Poor agreement in high-speed range.
Poor agreement over whole range.

Poor agreement in high-1ift range.

Rapid increase in drag preceding definite breakdown.

(Diagrams representing combinations)

-

lnterference burble,

as follows:

Cp
e%b

Type C
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Figure 5.— Airfoil-type fuselage combination.

Figure 6.~ Combination with small fillets.

Figure 7.- Combination with large fillets.




