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NATIONAL ADPVISORY COMMITTEE FOR AERONAUTICS

WING-FUSELAGE INTERFERENCE -~ COMPARISON OF CONVENTIONAL
AND AIRFOIL~TYPE-FUSELAGE CCMBINATIONS

By Eastman N, Jacobs and .Albert Sherman
SUMMARY

Tests of wing-fuselage combinatlions empleying en =~ir-
foll-type fuselage were made in the variable-density wind
tunnel as a'vAart of the wing-fuselage interference nrogram
belng cornducted therein. The models were deslgned to simu-
late an exlsting moderate~size transvort airplane of that
type. The test results showed that for such sizes, at
least, the alrfoil-type-~fuselage combination should bte well
faired in such a way as to eliminate the discontinulty at
the ends of the fuselage, and even then will probably have
to rely largely on other than baslic aerodynamlc conslidera-
tions for its Justification.

INTROZUGTION

A comprehensive lnvestigaticn 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-type fuselage was briefly
investigated.

The alrfoil-tyve-fuselage combinatlon is character-
1zed Py an enlarged and thickened central vportion of the
wing. Thls centrel portion.is made gsufficlently large and
thick to accemmodate the vessengers and cargo and other-
wise tc take the place of the usual fuselage. The tall
surfaces are carried on tooms.

The airfoll-type-fuselage combination obviously be-
comeg aerodynamically desirable when, for large alrplanes,
the space and height requirements of the fuselage portion
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are such that it becomes substantially an integral part of
an efficient wing. The whele comtlination then bPecomes
simply a flying wing, the characteristics of which should
be readily predicted from airfoll-sectlion data and wing
theory. The type of comblnation that has been used in
moderate—-size transpert airplanseg, however, reguires spe-
clal investigation. It 1s characterized Py a markedly
thickened and enlarged central portion of the wing having
substantially flat sides. The principal obJect ef the
present investigation was to compare this type of cembina-
tion with one of the best wing-fuselage combinations of
the conventional type.

DESIGN OF MCDEL

The principal deslgn requirements were: First, that
the proportlons should be somewhat like those of an actual
alrplane of the airfoll-fuselage type: and second, that
the. wlng~fuselage combiration should be directly compara-
ble with scme of the conventional combinations previously
investigated, The combinatlion 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 3).

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

Airfoll-fuselage UB 144
model
Faselage span 0.184 0.175
Wing span * *
Fuselage chord
1 o7 .
Wing chord at Jjuncture 1.70 1.67
Fuyselaze prea 0.379 0.407

Basglec wing area

With regard to the details of the model lay-out (see
figse 1 and 5), existing airplanes of the airfoil-fuselage
type were simulated. The fore-and-aft position of the fuse-
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lage was chosen to bring the fuselage gquarter-~chord axis
in line with that of the wing in the plan view. The angu-
lar setting of the fuselaze was chosen to make the zero-
11ft direction for the fuselage parallel to that of the
wing. The helght of the wing with respect to the fuselage
was adjusted so that the upper surface of the wing, begin-
ning somewhat behind the leadling edge, as shown in flgures
1l and 5, could be made continuous with the upper surface of
the fuselage. The fugelage was formed from the N.A.C.A.
0023 pection slightly altered to meet the condition Just
mentioned; namely, that the upper surfaces of wing dnd fu-
selage should be continuous. The practically symmetrical
fuselage sections were employed because airfoll tests in
the variable~density tunnel have 1ndicated that sectlons
of this thickness may have their characteristics definite-
ly impalred by the use of cambder.

Ag the combination of the wing and alrfoil-type fuse-
lage does not provide a suitable mounting for the tall
surfaces, tall booms simulating those employed on the
UB 14A were included on the model. 1In order to make the
model comparable with the conventlonal combination, the
tall booms were made long enough to provide a tall-mounting
position at the same digtance behind the wing as for the
conventlional combination,

The combination was also modified to lnclude two types
of fillete: First, small fillets between the wing and fu-
selage near the leadlng and tralling 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 betwoen 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 1, The resulte presented in flgures 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. varlable-density tunnel. All the coefficients
are calculated on the tasis of the original, or basic, wing
area of 150 squgre inches.
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TISCUSSICN

General comparigon.~ Obviously these results, as com-
rared with those from tests of the conventional-fuselage
combination, do not supply conclusive evidence on which to
tase a final comparison of the relatlve merits of the air-
foll-tyve-~-fuselage airplane. No engines, cowlings, radia-
tors, tail surfaces, or windshields were included. Some
faverable lnterference 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 possitle small distance between the propeller
thrust axes might be an important consideration.

Factors other than aerodynamlc ones may alsc affect
the comparison as, for example, structural censlderations,
landing—~gear space, simplicity, window space, andi pascen-
ger or cargo accommodations. Flnally, there 1s nothing
Ifixed with regard to the relative dimensiocns of the wing
and fuselage. The rresent tests have also shecwn that the
combination ia sensitive to fllleting, so that the compar-
lson would undoubtedly be affected by further fillet mcdi-
flcationss Nevertheless, the resulis of the present tests
should throw some light on the question of the inherent
relative merit of the airfoll-type~fuselage ccmbination.

Lift dlgtribution and induced drag.~ The type of com-
tlnation under consideration has teen widely discussed
with respect to the 1ift carried by the fuselage. Such
discusslons have often implied that the conventional-type
fuselage in a wing-~fuselage combination does not carry
11ft as it should. The results of reference 1 indicate
that thls pcint ¢f view 1s not in accord with experilment.
The observation that the cenventionsal combination at a given
angle of attack gives more 1ift than the wing alone at the
same angle c¢f attack (see fig. 2) indicates, in fact, that
the fuselage tends to carry too much 1lift. This charac-
teristic 1s accentuated by an airfeil-type fuselage. In
general, the departure from the span load that 'is agercdy-
ramically best will Te increased by any "extra" 1lift de-
veloped near the center span by the fuselage. The extra
lift, howaver, i1s not large, owing to the low asrect ratic
of the fuselage pcrticn and to the reduced lift-curve
slope far the very thick alrfoll section., Its small mag-—-
nitide 1s indicated Py the small ‘increase of lift-curve
slope shown for thils tyve cf comtinaticn in figure 2,
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Nevertheless, the extra 1lift might be of some value if it
tended to edd to the 1lift gt the mgxlimum. Flgure 2 does
show a galn in the maximum 1ift coeffilclient but it 1is
small as compared with the added lifting surface. provided
by the alrfoll-type fuselage.

In order to lnvestigate further the extra 1lift and
the excess lnduced drag assoclated with 1t, the load 4dis-
tribution was calculated from wing theory by the method
given 1in reference 4. The calculated load distributicn 1is
presented in figure 4., The calculated lift-curve slope 1s
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 lifts indicates that the load-distridbution calcula-
tions are satisfactory.

The regults show that the fuselage part of the 1lift-
ing surface, comprising 33 percent of the total 1lifting
area (exposed wing area plus fuselage area) contributes 26
percent of the total 1i1ft. Nevertheless, the excess 1ln-
duced drag, which must be attributed malnly to the concen-
tratlen of too much 1ift near center span, 1s 8.5 percent
as compared with the induced drag of the ldeal wing of the
same span and at the same 1ift; that is, the correspond-
ing elliptically loaded wing giving minimum induced drag.
The corresponding excess for the plain wing elene (2:1
taper, orthogonal tips) is 1.1 percent. It 1s not feasl-
ble to make this calculation for the conventional fuselage
comblnation.

Drag in high-speed flight.- The minimum drag coeffl-
clents from figures 2 and 3 or from table V may be taken
as representative of the drag in high-speed or crulsing
flight., The coefficient representing the "drag and inter-
ference' due to the airfoil-type fuselage is thus found
from figure 2 te be 0,0068 as compared with 0.0022 for the
conventional fuselage. The minimum drag coefficient of
the comhination may be compared with the coefficient com-
puted frem the drag of the component parts, neglecting in-
terference. The component drag coefflcients are 1lndivid-
ually estimated as follows:
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" Profile drag of fuselage sections 0.0041
Tip drag for fuselage portion (ref- .
erence 5) « 0047
Skin friction on tall booms . 0004
Drag of exposed part of wing . 0068
Tip drag for rectangular wing tips _+-0001
Cslculated total «0161
Experimental total . 0161

The admitted fortuity of the agreement does not de-
tract from the value of the principal concluslion, drawn
from a conslderation of the relative magnitude of the com-
ponents of the calculated minimum drag coefficlient, which
1s that excessive drag results from the discontinulty be-
tween the wing end fuselage, that 1s, from the tip drag of
the fuselage portion. The dlgcontinulty 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 thlis disturbance 1s 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 splte of the
fact that the fillets increased the frontal area. Much
greater drag reduction seems unlikely owlng to the high-
drag airfoil sections employed for the fuselage.

The obvicus conclusion reached 1s that such a well-
faired combination necessarily becomes favorable for largs
alrplanes, if the design conditlons permit modification of
the proportione to the extent that the comblnation becomes
a well-designed flying wing without excessive center-
section chord and thickness. With the present proportions,
however, even with the large fillets, the minlmum drag and
interference due tc the airfoll-type fuselage remalns 1.9
times that due to the conventional fuselage in the combi-
nation used for ccmparison. The maximum 1lift coefficlent
1s 13 percent higher fnr the airfoil-type~-fuselage comti-
nation with favorable fillets. The speed-range index is
127 as compared with 132 for the conventional comtination,
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It appears, then, thet the airfoll-type-fuselage comblna-
tion of the present proportions must be well falred in
such a way as to eliminate the discontinulty at the ends

. of the fuselage, and.even then will probably have to rely
largely on other than basic aerodynamic conslderations for
i1ts Justification.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 15, 1937,
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Table 5

N.A.C.A.
Table V.- Principal aerodynamic characteristiocs of wing~fuselage combinations.

Dia- Lon- {Ver- | Wing [Lift- |Span |C [¢] Aero- | C Lift 2 2
grams | 8§ |Remarks |gitu-|ti- | met- |curve |effi- | Jemin| Lopt dynam-| ™ |ooeffi-|  Lmax| Clmax
repres-| o dinal [oal ting [slope ciency ic cient effec~|effec~
enting | % posi-|posi- (per factor center at in- [tive |[tive
combi- | o tion |tion | iy |degree) posi- terfer-|R.N.= (R N. =
nations| § a o tion ence 8.2x106| 3.7x108

S d/e | X/c| - |purble |

De- A.R.= n, 1cLib

grees 6.86
Tapered N.A.C.A. 0018-09 airfoil with
airfoil type fuselage.

Wing
alone 0.077 | 0.90 (0.0093| 0.00(0.020 [0.000| 41.4 |[C1.48 |1.33

268 0 0.15 0 .080 5.80 .0161 .00| .02¢ [-.003| 1.5 €1.54 |P1.28
269 With W
small » O 15 | 0 .083 | .85 | .0145| .03| .039 |-.008| 41.6 {C1.s2 [P1.27
fillets,
270! With Y
transi- s
tion P O .15 o] .085
fillets
Tapered N.A.C.A. 0018-09 airfoil with
round fuselage.
186] (Compar-

ison
comb. 0 0 0 .079 .90 .0115 .00| .040 .000 ‘1.5 ®1.52 1.25

.90 .0135 .05/ .037 |-.015| 41,7 (C1.72 [P1.34

&

1 Letters refer to types of drag curves associated with the interference burble, as follows:

'
Cpe ®Lib ™ OLmax Cpe / Cpe
CLyp CLyp

Type A Type B Type C

2 Letters refer to condition at maximum 1ift as follows,
a Reasonably steady at Cp, x
b Small loss of 1ift beyoRd CrLpay
¢ Large loes of 1lift beyond OLpay &0d uncertaln value of CLyax
3 Poor agreement in high-speed range.
4 Poor agreement over whole range.
5 Poor agreement in high-1ift range.
6 Rapid increase in drag preceding definite breakdown.

(Diagrams representing combinations)

N.A.C.A.

368

-———

269

370 p
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Figure 1.- Wiag-fuselage combination with airfoll-type fuselage.
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Figure 7.- Combination
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