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The effects of' a fuselage on the low-speed aeroclynamic charm- 
t e r i s t i c s  of a sweptback wing were investigated in  the Langley 
19-foot pressure tunnel. Test8 were made in pitch at Reynolde 

of 1,72O,OOO and 5,300 COO-. The wing had an aspect ra t io  of 4, 
taper ra t io  of 0.625, c2' sweepback at the leading edge, and 

representatti~e fuselage of cfrcular cms8  section W&B t e s t e d  trith 
the wing mounted in the high-wing, low-whg, aad midwing positions. 
Tests. Were macle without fMps and with 18.4-pe~~ent-chord s p l l t  flaps 
extend- from 12.3 t o  50 percent of the semispan. 

. numbers of 3 , O b , O O O  and 8,090,000 and in yaw at Re,vnolds numbers 

IVACA 641-rn airfoil  sections no& to the 0 2 7 3  ohor& line. A 

The presence of the fuselage had negligible effect on the 
vdues of ruaximwn lift coefficient and the elope of the l i f t  curve. 
The fuselage cawed a destabilizing sh i f t  i n  the ra te  of change of 
gitching moment with l i f t .  Th i s  effect remained f a i r ly  constant 
regardless of the vertical  poeition of the wing on the Fuselage 
except in the high lift range for the flaps-off condition at a 
Reynolds amber of 8y090,m0, at which the effects caused by the high- . wing and midwfng fuselage combinations increased rapfdly with l i f t .  

!RM fuselage effects on the drag characterietlce were small, 
ana the vertical  position of the wing had little effect except with '. 
the flaps 011. The fuselage added increments to the effective 
dihedral and directional stability parameters Cz and C which 

were of the same magnitude as those observed f o r  wing8 having l i t t l e  

t o  L,720,000, these illcrement6 in C2 haft wsyetematlc  variattons 
at moderate and high lifts. * 
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The uee of sweptback wings as a means of reducing compressi- 
bility effects in flight at high subeonic and supersonic speeds, 
has preser+&d pmblms in ok+aInir@ adequate  efability and control 
at low speeds md high lifts for m y  euch aircraf't. Shple,theory 
an8 winC-tunnel teste have shown that -a with high anglee of 
sveepbmlr m y  beocane longitudinally unstable at the stall. and may 
also have undeoirably large positive dihedral ef fects  in tho high 
lift ranges 

Considerable data ie aveLilable on the ef fects  of interfareme 
due to design components such as fuselagee and nacelles, on the 
Iongitud!.nal and laterd. stejility characterietice of wewept wlnge, 
but little data 2s avalable on the effects of any euch additional 
boddes on the aerodynamic chamcteriatics of wings with high angles /- 

of weepback. Accordingly, tests were conducted to determine me 
aerodyaamfq characteristics of et kS0 Bweptback wing mounted on a 
fuselage a$.high-wing, low-wing, and midwing positions. The t e s t s  
were made w i t h  and without split f laps  at Reyroids numbers of 
3,OkO,OOO an& '8;090,000 for t e s t a  in pitch and of 1,720,000 +nd 
5,300,000 for tes ts  in yaw. Theso data a m  presented together xith - 
aorrespondlng wing',d.one data f r o m  mference 1.  

CI;, l i f t  'coefficient (Liff/qS) 
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MO free-stream Mach number (Vfa) 

U angle of attack  measured in plane of synrmetry, degrees 

rlr angle of yaw, positi~e when ri&t'wing la h k ,  degrees 

. .  

D drag - -X at zero yaw 

x. longitudinal forae 

Y lateral force 

z vertical  force 

M pitching moment 

L rolling moment 

* \  



4 

c 

Y 

9 

v 

P 

cr 

a 

coefficient of viecosity 

V 6 l O C i t r  O f  WUnd 

The wing and fuselage (fig.  2) were  constructed of laminated 
mahogany, lacquered and sanded to en aorodynamicallg emooth flnieh. 
The wing has tb sweepback angle of 42,05O dong the leading edge etnd 
has NACA 641-112 sections normal to the 0.273 chord line. The 
A.273 chord l i ne  of the swept Mng,  i s  the qua;rter-chord line of a 
etraight wing penel which has been rotated bo about the quarter- 
chord point of the root chord, The aspect ratio ie 4, taper ratio, 
0.625, and the t ips  a m  rounded in plan form and crom section 
b9g-W at  97.5 percent of the semispan Them is no geometric 
dihodral o r  twist. 

!Phe fuselage is circular in croea section and tapers t o  a po ln t  
a t  each end. The maximum diameter, which fs oonstant at  the wlng 
interaection, is equal. to 40 percent of the wing chord (measured at  
the plane of synrmetry), and the fineness ra t io  i s  10.3.. The center 
portion of the f'umlage has removable blocks to permit tho mounting 
of the wing at hie -wing ,  low-wing, and midwing positions with 
2O incidence between the wing chord plane and the fuselage center 
line. No fillets were used a t  the wing-fuselage juncture for any 
wing PO sition 

The epl i t  flaps were fabricated of aheet steel and extended 
f r o m  12.3 to 50 percent o f  the wlng seznlspan. The center gap wm 
maintained to fac i l i t a te  f lap defloction. The flap chord is 18.4 per- 
cent of the local wing chord. .The flap  deflection measured from the 
lower aurface of the wing and in  a plane normal to t h e  hinge l ine  
is 6oo. 



me mod61 wae teste& tn the ~ a n g ~ . e y  lg-foot presaure tunnel 
and was maunted on a two-support eystem for me pitch. tes ta  

I f igs .  3( a) and 3( b) ) qd on a s.1-e support fbr tho yaw . teats 
fig. 3(c) 1 In '3313 *low-wing fuselage oombfnet.t;ion the top of the 

yaw s u p p r t  waa shieiilea W the same fairing used f o r  *e wing alone 
t e s t s  ('reported i n  referenoe 1). The .pitch t e s t s '  were made at 
Reynolds nttmber values of 3,04C),OOO (Mo = 0,969) and 8,09o,c00 
(G = 0.19) . The t e s t s  were mede with and without s p l i t  flaps. 
stal l 'charaoter is t ics  were studied by mean8 of wool tufts attached 
to  the upper'eurface of the wing beginning at percent of the wing 
chord,' The lateral-stability parameters were obtained f r o m  t e s t s  
through an angle-of-attack r q e  of yaw @ea of 00 and eo, at 
Beynolds.number values of 1,720,OOO (M, = 0.10) and 5,300,000 
(&, P 0.12). Teets thou& a raw range of -loo t o  250 angle of yaw 
were -de with flaps off at 150 angle of attack and with flaps on 
a t  14,2O angle of attack at a Reynolds number of 5,300,000 . 

CORRECTIOITS To DATA 

!Che s'& corrections, epplfed t o  the  fuselage-off data of 
reference 1 and discussed therein, have been applied t o  the fuselage-on 
data, These corrections e.ccount f o r  model. support and inteyerence 
effects, and for '  model blouking an& jet-boundary effects.' .No Jet- 
boundary corrections were applied to the rolling-mment, yawfng-moment, 
and later+-force  coefficients. 

The lift, drw, and pitching-mmnt chazacteristics of the ving 
mounted on a maelage at the high-wing, low-vlng, and midXing 
positions and of the  wing alone, wfth and without flaps, a m  
presented in f igure.n 4 to 7. The variation of duds with lift 
coefficient is shown in figure 8. 

L i f t  and sf all in^ cha3.acteristics.- Figures &(a) and 5(a) 8how 
that at aReynolds nuniber af 8,090,W the presence of the fuselage 
had very l i t t le  effect on the maximum lift ooeffioient and the slope 
of the l i f t  curve. The Reynolds nWer of the data for the wing 
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alone with flaps on ie 6,0€!0,000, but the t e s t e  of reference 1 show 
that in the range of Reynolds mbers  from 6,080,000 to 8,090,000 
there I s  negligible scalo  effect on the mrnQmam3c characteristic8 
of the wing. Figure 6( a )  ehoae tha.t at a Reynolds number of 
3,&0,000 the fuselage effects were also negllgtble . No data were 
obtained at the lower Reynolder ntmrber for the wfng done with flaps 
on. V i s u a l  observationa of b o 1  tufts.attached to the uppsr aurfetce 
of the wing ahowed that  the presence &'.the f'uwlage had no effects 
on the stalling characteristics of the wfng except for a small rough 
area at the wing-fuselage juncture of the low-wing canbination. The 
fuselage  effects may differ  considerably when the alr flow over the 
wing is changed devices mch as leading-edge f l a p s .  

Pitching-moment  cha~acteristics .- Flgwes 4(a) and ?(a) e h m  
that at a Reynolds number of 8,OgO ,000 and at a CL of 0.1 the 
presence of the f'uselage displaced the pitching-moment curves of the 
wing by incrementa in C, vaxying from -0.006 to -0 a13 with flape 
off and -0.021 to -0.027 with flaps 011 for the high-wing to low- 
wing fuselage combination, respectively.. , Figure 8 ehowa that the 
fuselage produced a poeitive change In W d C L  of about 0 -02 with 
flaps off and 0.03 with  flapa on at a Remolds number of 8,Op,OOO 
except in the range of l i f t  coefficients above 0.3 for  the flaps 
off condition, where the mldwing and hi -wing fuselage cambiaations 
caused rapid13 increasing valuee of dC 3 dCr, with The pitching- 
moment curve8 of figures 6 and 7 show that the  increments in dqdC, 
at a Reynolds number of 3,040,000 were of approximately .the 8- 
magnitude 8s those in the low lift range at the higher Reynolds number. 

D~ag characteriatica.- The result8  indicate  that t h e  effects 
of fuselage position on the drag characteristics are small for the 
wing without flags but a m  appreciable when t he  s p l i t  flape are on 
The drag of the @&in wing without flaps WQB increased about 0 .OOkO 
throughout  the  lift range f o r  d l  ving-fueelage  combinations. W i t h  
flaps on the increment In drag due to t h e  fuselage in the low-wlng 
combination was about the 883118 a8 KTth  flaps off,  but i n  the m i d m  
oonibination it wae zero and in the high-wfng  canbination  ft was 
negative. There was no  appreciable male effect on the increments 
In drag. 

Aerodynamic  Characteristics in Yaw 

The lateral-stabilitg parameters C $ 9  cn$, and 83"e 

presented in figurea 9 and 10 8 8  functions of l i f t  coefficient  for 
t h e  three wing-fwelage combinations and the wing alone, with and 
without  split flaps. Increments In C due to changes in the % 
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vertical.  location of the fusalage are given fn figure ll. The 
aerodynamic characteristics throngh a yaw range at a constant m&Le 
of attack near ms~~imum 1if.t are prssented in  figures 12 and 13.  

Effective-dihedral parsmeter.- Figwe 11 shows that at a 
Reynolds nmber of 5,300,000 asd with the flaps off, the presence 
of the fuselage in the m i d m  cambination caueed no change in the 
effective-dihedral  pameter C% at zero lift, but that the high- 
wlng and low-wlng poeitions added increments in C t  equal to 
o .00065 ma -0.00065, rsepectivelg . The increments In c due t o  
t h e  fuselage decreased linearly with inoreasing l i f t  coefficieEt up 
t o  values of Itft coefficlent of about 0 .? W i t h  the f l a p s  an, the 
h i g h - w i n g  and low-wing poeftfom pmduced e l m s t  constant Increments 
in CQ, through the lift range, equal t o  about 0.00050 and -0 .OOo30, 

respectively, an& the midwlng position had no effect. 

9 
% 

The increments in C v  produce& by the various wlng positions, 
tend to become irregular in the hrgh l i f t  range due t o  t h e  unsteady 
conditions associated with i n i t i a l  sepwation over the wing t ips .  A 
comparison of this  d6ta wfth corresponilmg data frcm reference 2 
ehows that the increments i n  Cz produced by the fcselage f o r  \Ir 
varioua ve&ical  locations sf t h e  420 sweptback w i n g  are approxhakely 
of the Eane order as have %e'en measured on wings having l i t t l e  o r  
no sweep. 

Reducing the Reynolds number fram 5,3OO,OOO t o  l,7x),OOO caused 
the increments in Cb t o  be shifted in a poaitive direction at low 
l if ts  wfth flaps off ,  f o r  the hfgh-wing and low-wing cambimtions, 
but did not effeot AC ai; zero l i f t  for tho m i d m  combination. 
W i t h  f l a p s  on, the high-wiw and low-wing positions had values of 
&% approximately equal to those at the htgher Reynolds nwnber,. 

whereas the midwing posit im had a more negative value, A l l  combina- 
tions showed unsystematic variation of N3 at mderate and high 

l if ts  . 

% 
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The principal results from an investigation of the effects of 
a fieelage on a. 420 eweptlmuk wing are as follows: 

1, The presence of the fwd-e had negligible effect on %he 
valwe of maximum lift coefficient and the slope of the lift curve. 

2. The fueelage cawed 8 desta'bi2iefng ~ h i f t  in the rate of 
change of pitching moment wlth l i f t .  Thl~ effect remdned fairly 
constant r b g d e e e  of the vertical poai t ian of the wing on the 
selage except for the flsps-off condition at 8. Reynolds number of 
~ O , O O O ,  at which the effects cawed by the high-wing and 

adwing Fuselage combinations increased rapidly , w f t h  lift ' 

f? 

4. 5%.e fuselage added incrementa to the effective-dihedral 
anb directfomtR1-etability parameters C and which wex of 
the same e! tude as obeemed for wlnga having little or no s jreep 

%. 
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NACA RM No. L7E13 Fig. 1 
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Fig. 2 NACA RM No. L7E13 
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Figure 2.- Geometry of 42' sweptback wing and fuselage. Aspect 
ratio = 4.01; taper ratio = 0.625; area = 4643 sq in.; F = 34.7 in. 
No dihedral o r  twist. (All dimensions in inches.) 
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(a) High-wing fuselage combination on pitch suppork. 

Figure 3.- The 42' sweptback wing and fuselage mounted for testing in the Langley lQ-foot Y 
pressure tunnel. F 

E 



NACA RM No. L7E13 Fig. 3b 

(b) Pitch support details. 

Figure 3.- Continued. 
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(c) Low-wing fuselage combination on yaw support, 

Figure 3.- Concluded. 
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NACA RM No. L7E13 Fig. 8 
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Figure 8.- Yarlation of d d d C  w i t h  Ct for a 420 sweptback wing alone 
and mounted a t  three varticafi positions on a fuselage. R = 8,090,000. 



Fig. 9a NACA RM No. L7E13 
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NACA RM No. L7E13 Fig. 9b 



Fig. 10a NACA RM No. L7E13 



NACA RM No. L7E13 Fig. 10b . 
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Fig. 11 NACA RM No. L7E13 

(a) R = 5,300,000. 

( b )  R = 1,720,000. 

Figure 11.- Effects of a fuselage .on C of a Go sweptback wing for three 
v e r t i c a l  p o a i t i o n s  of the wing. v . 



NACA RM No. L7E13 Fig. 12s 



Fig. 12b NACA RM No. L7E13 
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NACA RM No. L7E13 Fig. 13a 



Fig. 1% NACA RM No. L7E13 
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