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forward wing is attached to the top of the fuselage and the rear wing to 
the bottom, the location of the rear wing root is similar to the low 
horizontal-tail locations which have been found effective in reducing 
pitch-up tendencies on swept-wing monoplanes. The possibility exists, 
however, that the use of such a configuration having two wing-fuselage 
junctures and requiring an attachment between the two wings might result 
in drag coefficients appreciably higher than those of a monoplane swept- 
wing configuration. 

In order to obtain a preliminary indication of the characteristics 
of this type of wing arrangement which is designated as a swept biplane, 
an investigation has been conducted at subsonic and transonic speeds in 
the Langley low-turbulence pressure tunnel and in the 26-inch Langley 
transonic blowdown tunnel on two swept biplane models having an aspect 
ratio of 4, a taper ratio of 0.6, and with the leading edge of the for- 
ward wing swept back 45' and the trailing edge of the rearward wing 
swept forward 45'. The aspect ratio is defined on the basis of the 
combined area of both wings. 

SYMBOLS 

The results of this investigation are presented in the form of 
standard nondimensional coefficients. A list of symbols used in the 
present paper is presented as follows: 

a angle of attack, deg 

P angle of sideslip, deg 

Lift lift coefficient, - 
¶S 

bag drag coefficient, - 

Rolling moment 
rolling-moment coefficient, 

pitching-moment coeff icignt , Pitching moment; moments 
qsc" 

measured about axes at 0.181~ for monoplane and 
at 0.360~ for Siplane 

C 
P 

effective dihedral parameter at P = oO, dc2/dp 
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q dynamic pressure, lb/sq in .  

S t o t a l  area of both wings, sq in .  

c" mean aerodynamic chord, in.; two wings are considered 
as a unit 

b wing span 

X distance between apexes of front  and rear  wing of 
biplane a t  center l i n e  

A aspect ra t io ,  b2/s 

h taper r a t i o  

M Mach number 

R Reynolds number, based on mean aerodynamic chord 
of a single wing 

MODELS AND TESTS 

Two models were used i n  t h i s  investigation, each having an aspect 
r a t i o  of 4, a taper r a t i o  of 0.6, and with the leading edge of the for -  
ward wing swept back 4.5' and the t r a i l i n g  edge of the rearward wing 
swept forward 4 5 O .  The aspect r a t i o  i s  defined on the  basis of the 
combined area of the two wings. 

A rather  crude model (model A) was constructed f o r  exploratory t e s t s  
a t  subsonic speeds i n  the Langley low-turbulence pressure tunnel. 
Freon-12 was used as  a tes t ing  medium i n  order t o  a t t a i n  high subsonic 
Mach numbers i n  these t e s t s .  Photographs of model A are  shown i n  f i g -  
ure 1 and a drawing showing the de ta i l s  i s  presented i n  figure 2. The 
wings were made from l/8-inch-thick s t e e l  plate  with the leading edges 
a r b i t r a r i l y  rounded and the t r a i l i n g  edges beveled t o  a sharp edge. 
The 1/8-inch thickness provided a thickness r a t i o  of 4.0 percent a t  the 
root and 6.6 percent a t  the t i p .  The two wings were attached t o  the 
top and bottom of a body of revolution as shown i n  figure 2. The t i p s  
of the wings were welded together and resulted i n  the formation of a 
sharp V a t  the juncture. Fairings were added t o  cover the sharp dis- 
continuities a t  the wing-fuselage junctures, but no attempt was made t o  
design e f f i c i en t  f i l l e t s .  Li f t ,  drag, and pitching moments were meas- 
ured f o r  this model through a range of l i f t  coefficients up t o  approxi- 
mately 0.9 a t  Mach numbers of 0.2, 0.76, and 0.90 and ro l l ing  moments 
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were measured through a range of s ides l ip  angle from -7O t o  60 f o r  sev- 
e r a l  angles of a t tack a t  a Mach number of 0.8. 

Photographs and a drawing of model B, constructed f o r  t e s t s  a t  tran- 
sonic speeds i n  the  26-inch Langley transonic blowdown tunnel, are shown 
i n  f igures  3 and 4, respectively. The fuselage of this model was con- 
s t ructed with a nearly rectangular cross section i n  order t o  provide 
approximately perpendicular junctures a t  the wing-fuselage intersections 
without f i l l e t s .  The body sides only were modified i n  accordance with the 
transonic area rule  ( r e f .  1 )  i n  order t o  provide a constant value of the 
t o t a l  cross-sectional area of wing and fuselage from the rear  of the body 
nose section t o  the base of the body. The two wings f o r  each side of the 
model were constructed i n  a single piece and bent around a 3/16-inch 
diameter a t  the t i p s ,  thus providing a separation between the wings of 
approximately f ive  times the wing thickness. The wings had NACA 65~004 
a i r f o i l  sections and had no twist or  incidence with respect t o  the body 
center l i ne .  Tests were made of model B i n  the 26-inch Langley transonic 
blowdown tunnel t o  determine the drag a t  lift coefl ic ients  of 0 and 0.15 
through a range of Mach number from 0.7 t o  1.27. The Reynolds numbers 

,- 

corresponding t o  these Mach numbers varied from approximately 1.0 x 10' 

t o  1.2 x 106. 

Data from the Langley low-turbulence pressure tunnel have been cor- e 

rected f o r  tunnel blockage and boundary-induced upwash ef fec ts .  These 
data were then converted from Freon-12 t o  a i r  conditions by the method 
presented i n  reference 2. For a l l  data presented, the chord forces have 
been adjusted t o  the condition of free-stream s t a t i c  pressure on the 
base. No j e t  boundary corrections have been applied t o  the data obtained 
i n  the 26-inch Langley transonic blowdown tunnel inasmuch as the invest i -  
gation of reference 3 has shown tha t ,  f o r  models of the s ize  tested, the 
boundary ef fec ts  a re  very small except f o r  ref lected shocks. Reflections 
of the body bow wave were observed t o  s t r i k e  the model forward of the 
body base a t  Mach numbers between about 1.04 and 1.19. Drag measurements 
were made a t  only one Mach number within t h i s  range (M = 1.15). It i s  
believed tha t  the drag coefficients presented a t  t h i s  Mach number a re  not 
great ly  affected by the ref lected shock because the model has no boa t t a i l  
and because the chord force has been adjusted t o  the  condition of f ree-  
stream s t a t i c  pressure on the base. 

RESULTS AND, DISCUSSION 

Subsonic Tests 

L i f t ,  drag, and pitching-moment data obtained from subsonic t e s t s  
of model A i n  the Langley low-turbulence pressure tunnel are presented 
i n  f igure 5 f o r  Mach numbers of 0.2, 0.76, and 0.9. Pitching-moment 



data are shown i n  figure 5(a)  f o r  a monoplane swept wing having the same 
sweep angle, aspect ra t io ,  and taper r a t i o  as  the biplane model (data 
taken from r e f .  4 and unpublished low-speed da ta) .  A comparison of these 
d&ta shows tha t  no pitch-up was obtained fo r  the biplane model a t  any of 
the Mach numbers tested, whereas unstable pitching moments were measured 
f o r  the  monoplane model a t  l i f t  coefficients above about 0.6. Although 
the pitching moments of the biplane model are  not l inear  i n  any of the 
cases shown, the nonlinearit ies observed are considered t o  be of minor 
importance i n  comparison with the violent pitch-up obtained fo r  the  mono- 
plane swept wing. These data are  presented f o r  moment axes located 
a t  0 . 1 8 1 ~  f o r  the monoplane swept wing and at  36.0 percent of the t o t a l  
wing length (distance between the f ront  and rear  apexes a t  the body 
center l i n e )  f o r  the  biplane wing. These moment axes provide a minimum 
value of the s t a t i c  margin of -0.05 a t  low l i f t  coefficients for  each 
model. It should be noted tha t  the s t a b i l i t y  of the biplane a t  low l i f t  
coefficients shows a decrease as the Mach number is  increased i n  contrast 
t o  the conventional increase shown by the monoplane wing. The minimum 
value of the s t a t i c  margin used, therefore, occurs a t  a Mach number 
of 0.9 fo r  the biplane and at  0.2 f o r  the monoplane. 

The explanation of the lack of pitch-up on the biplane configuration 
can probably be found i n  an examination of the model geometry and the 
ef fec ts  of the flow f i e l d  behind the forward wing on the loading of the 
rear  wing. Severe t i p  separation would be elrpected on the forward wing 
and an examination of t u f t s  on model A confirmed this expectation. This 
loss  i n  load a t  the t i p  cannot r e su l t  i n  large pitch-up tendencies, how- 
ever, since the t i p  i s  near the moment center of the configuration. The 
rear  wing is,  i n  general, i n  the dawnwash f i e l d  of the f ront  wing so 
tha t  i t s  angle of attack i s  generally l e s s  than tha t  of the forward wing 
and, therefore, it would be expected t o  s t a l l  a t  a higher model angle of 
attack. The vortices shed from the forward wing also contribute a l a t -  
e r a l  component t o  the flow over the rear  wing which opposes the spanwise 
flow i n  the boundary layer toward the root of the rear  wing and, there- 
fore, a lso tends t o  delay the premature s t a l l  usually encountered a t  the 
root of sweptforward wings. The primary fac tor  contributing t o  the pre- 
vention of pitch-up on this configuration, however, is  probably a phe- 
nomenon similar t o  tha t  observed f o r  low horizontal t a i l s  behind swept- 
back wings. Since the center of the principal t r a i l i n g  vortex shed from 
a swept wing follows a path approximately pa ra l l e l  t o  the flow direction, 
increases i n  angle of attack move the center of the vortex and i t s  asso- 
ciated large downwash angles progressively far ther  from the rearmost por- 
t ions of the rear  wing. T h i s  var2ation of downwash angle with angle of 
at tack permits the rear  wing (or a low horizontal t a i l )  t o  provide a 
large s tabi l iz ing contribution t o  the pitching moment. 

The l i f t  and drag data ( f igs .  5(b) and (c)  ) show tha t  the l i f t -curve 
slope is  considerably lower and the  drag coefficients are considerably 
higher f o r  the biplane configuration than would be expected fo r  a monoplane 
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swept wing having the same sweep angle and aspect ra t io .  (see ref .  4.)  
These differences are  at t r ibuted principally t o  the inef f ic ient  a i r f o i l  
section and t o  the aerodynamically poor junctures a t  the t i p s  and a t  the 
wing-f3~selage intersections of the model A biplane. Model B, unlike 
model A, was designed with smooth junctures and with an e f f i c i en t  a i r -  
f o i l  section. Drag data fo r  model B a t  l i f t  coefficients of 0 and 0.15 
are presented i n  a l a t e r  section of this paper. 

Effective dihedral data C , obtained from measurements of rolling- ( 2P) 
moment coefficients fo r  s ides l ip  angles from -7O t o  60 a t  a Mach number 
of 0.8, are shown i n  figure 6. These data show a low stable  value of C z  P 
of approximately -0.00075 except f o r  l i f t  coefficients between 0.6 and 0.8 
where C z p  becomes s l ight ly  unstable. For this range of l i f t  coeffi-  

cient,  the value of C z R  was positive only f o r  s idesl ip angles from -40 
r 

t o  hO, beyond which a s table  slope w a s  observed. Data from reference 5 
f o r  a monoplane swept wing having the same sweep angle and aspect r a t i o  
as the biplane wing, on the other hand, show a variation of C z  from 0 

B 
a t  zero lift t o  -0.002 a t  a l i f t  coefficient of 0.4 and then an' increase 
t o  a positive value a t  a l i f t  coefficient of 0.75 followed by a return 
t o  s table  values. The small variation of C z  with l i f t  coefficient P 
f o r  the biplane indicates t h a t  the variations caused by the sweptback 
and the sweptforward wing tend t o  compensate f o r  each other. It would 
be expected that any desirable value of C could be at tained by the 

2~ 
use of geometric dihedral on the biplane and tha t  this dihedral e f fec t  
would show only a s m a l l  variation through the l i f t -coeff ic ient  range. 

Transonic Tests 

The purpose of t e s t s  on model B was  t o  determine the drag character- 
i s t i c s  of t h i s  type of wing configuration a t  transonic speeds. The design 
of model B w a s  based on the assumption tha t  a large s t ruc tura l  advantage 
would re su l t  from the attachment of the two wings a t  the t i p s  and, there- 
fore, permit the use of a i r f o i l  sections having thickness r a t ios  l e s s  than 
those required fo r  a monoplane swept wing having the same sweep angle and 
aspect r a t io .  An analysis of unpublished data obtained by the Langley 
Structures Research Division on s t r e s s  measurements fo r  a biplane model 
similar t o  the t e s t  model shows, however, t ha t  s t resses  i n  the &-percent- 
thick biplane are considerably higher than those i n  the 6-percent-thick 
monoplane used f o r  comparison purposes and tha t  a i r f o i l  sections approxi- 
mately 8 t o  10 percent thick would be required t o  provide equal s t resses .  
The small s t ruc tura l  advantage which actually exis t s  fo r  the biplane con- 
figuration, therefore, consists of a decrease i n  the volume of structure 
required t o  provide equal. s t resses  i n  so l id  wings. The high s tresses  i n  
the 4-percent-thick wings made it necessary t o  l imi t  t e s t s  of this model 
t o  lcw angles of attack. 
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MACA RM ~ 5 3 ~ 2 4 b  CONFIDENTIAL 7 

Drag coeff ic ients  measured a t  zero l i f t  and a t  a lift coefficient 
of 0.17 f o r  the model B biplane are  presented i n  figure 7. These data 
have been compared with resu l t s  obtained f o r  a model of a monoplane 4 5 O  
sweptback wing t h a t  i s  6 percent thick and has an aspect r a t i o  of 4, a 
taper r a t i o  of 0.6, and a body indentation which provided a constant 
value of t o t a l  cross-sectional area from the rear  of the body nose sec- 
t i o n  t o  the base ( r e f .  6 ) .  These data show tha t  the drag coefficients 
of the 4-percent-thick biplane wing a t  transonic speeds are very nearly 
equal t o  those of the 6-percent-thick monoplane wing a t  both l i f t  coef- 
f i c i en t s .  Although these data appear t o  indicate a higher value of drag 
due t o  l i f t  f o r  the biplane model a t  subsonic speeds, primarily as a 
r e su l t  of a lower zero- l i f t  drag coefficient,  it is believed tha t  the 
difference i n  l eve l  of zero- l i f t  drag coefficient between the two con- 
figurations is  p a r t i a l l y  a r e su l t  of probable differences i n  transition 
location on the two t e s t  models. I n  any event, the data obtained on 
model B i n  the present investigation do not cover a large enough l i f t -  
coeff ic ient  range t o  provide an adequate evaluation of drag due t o  l i f t ,  
and it would be expected, on the basis of subsonic biplane theory, t h a t  
the induced drag of the biplane would be s l igh t ly  l e s s  than tha t  of a 
monoplane swept wing having the same span-loading and flying a t  the sane 
speed. 

As  pointed out previously, the comparison shown i n  figure 7 i s  not 
a t r u e  comparison of the drags of s t ruc tura l ly  comparable airplanes 
having biplane and monoplane wings and some increase i n  drag would be 
anticipated as  a r e su l t  of using the thicker sections required t o  make 
the s t resses  i n  the biplane equal t o  those i n  the monoplane. However, 
data presented i n  references 7 and 8 show tha t ,  by application of the 
transonic area rule ,  swept wing-body cambinations having wing thickness 
r a t io s  of the order of magnitude required f o r  the biplane configuration 
can be designed t o  give very low pressure drags a t  transonic and low 
supersonic speeds. For the par t icu lar  case shown i n  reference 8, the 
minimum drag coeff ic ient  was increased by only 0.007 (from 0.012 t o  0.019) 
by an increase i n  Mach number from 0.8 t o  1.10 f o r  a wing-body combina- 
t i o n  having wing thickness r a t io s  which varied across the span from 
12 percent t o  3 percent. It i s  l ike ly ,  therefore, t ha t  proper applica- 
t i o n  of the area ru le  can p a r t i a l l y  compensate f o r  increased drag r i s e  
of the higher thickness r a t io s  of the biplane configuration. Since the 
chord of each of the biplane wings i s  only half t ha t  of the monoplane 
wing used f o r  comparison purposes, application of the area rule  resu l t s  
i n  smaller body indentations than those required f o r  the monoplane. 
This f a c t  might permit i n  some cases the use of basic body shapes having 
smaller f ron ta l  areas f o r  the biplane configuration. 
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Additional Design Considerations 

In addition to the prevention of pitch-up obtained with this con- 
figuration, indications of several other possible advantages can be 
found from the geometry of the configuration and from stress measure- 
ments. Because of its long forward and rearward length, this wing 
arrangement seems particularly suited for use on tailless airplanes; 
pitch damping should be high and controls near the root of the rear 
wing could provide longitudinal control. The use of high-lift flaps 
on the forward wing would require positive elevator loads for trimming 
md, therefore, produce increases in trimmed maximum lift since most 
of the area of the forward wing is ahead of probable center-of-gravity 
locations. The effectiveness of ailerons on the rear wing should be 
maintained up to very high lift coefficients since an examination of 
tufts on model A at low speeds showed that the tip regions of the rear 
wing remained completely unseparated up to the highest angles of attack 
investigated (280). An examination of deflections occurring in the 
structural model investigated shows that the biplane configuration 
having airfoil sections 8 to 10 percent thick should provide aeroelastic 
distortions smaller than those of the monoplane swept wing having sec- 
tions 6 percent thick. 

CONCLUDING REMARKS 

A preliminary investigation at subsonic and transonic speeds has 
been made of the aerodynamic characteristics of a wing-body configura- 
tion designated as a swept biplane which is composed of a sweptback and 
a sweptforward wing joined at the tips. Results show that a configura- 
tion of this plan form prevents the abrupt pitch-up normally encount- 
ered on monoplane swept wings. Drag data obtained at lift coefficients 
of 0 and 0.15 on a biplane configuration having airfoil sections 4 per- 
cent thick show that the drag coefficients at transonic speeds are 
approximately equal to those of a monoplane wing having the same sweep 
angle, aspect ratio, and taper ratio with airfoil sections 6 percent 
thick. PiIeasurements of stresses in a similar biplane model, however, 
show that the stresses in the 4-percent-thick biplane are considerably 
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1. 

higher than those i n  the 6-percent-thick monoplane and tha t  the biplane 
requires sections approximately 8 t o  10 percent thick i n  order t o  pro- 
vide equal s t resses .  

Langley Aeronautical Laboratory, 
National. Advisory Canrmittee f o r  Aeronautics, 

Langley Field, Va., December 10, 1953. 
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Figure 1.- Photographs of swept biplane, model A. 
L-79408 
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Figure 2.- Drawing of swept biplane, model A.  Dimensions are  i n  inches 
unless otherwise noted. 
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L-80965 
Figure 3 . -  Photographs of swept biplane, model B. 
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Figure 4.- Drawing of swept biplane, model B. Dimensions are i n  inches 
unless otherwise noted. 
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Lift coefficient, CL 

(a) Pitching moment. 

Figure 5.- Subsonic aerodynamic characteristics of swept biplane-fuselage 
combination (model A) . 
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(b) L i f t .  

Figure 5.- Continued. 



(4 Drag. 
Figure 5.- Concluded. 
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Lift coefficient, CL 

Figure 6 .- Variation of effective dihedral pasmeter c = ~  with lift 

coefficient for swept biplane-fuselage combination (model A). Mach 
number, 0.8. 
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Figure 7.- Variation of drag coefficient with Mach number for  swept 
biplane-f uselage combinat ion (model B) . 






