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' a .  A \ b n ' t o c f ? \ l i . i ~  s t u d y  cni-r.ied out. nt ONERA .LS based on 1:lie DFLR-FJ4 
wiii&:-body combiriation. 'l'lic? l/:W m o d e l  is formed by a 9 .5  
nspoct.  r r \ t . io  t r a i l son ic  wing 2nd ail A.irbiis A 310 f'usoln@o. Tliiz 
c011 r . i~ . in i t . i . o i i  lias boon solec t e d  as tlie main s u b j o c t  o f  II GAR- 
TEUG worIi.i.nt.; ,yroup (cooporat ior i  betdoen CermaTiy, the N O  tilor- 
lttvids, Croat-Ur.i t a i n  nrid kkanco). The a i m  o f  this papor  is t o  
aarvoy tlio work dorio by ONERA. A f t o r  :I dosc r ip t lox i  of the 174 
uiiit: geometr ica l  c h r o c t o r i s t i c s ,  main experinisntnl. r e s u l t s  
obt.ai.riod in the S 2 M  w i n d  turinol aro d i scussod .  130th w i n p  
f'usolngo i n t o r f o r o n c o s  and v i scous  effects ,  w l i . i c h  are .important 
on t l in wing duo t o  u 1ii;:li rear loadin(:, n r o  i n v o s t i g a t e d  by 
porf'orni:i.ii,.r 3 D  caIcu1at:ions.  Au a t t e m p t  Js made t o  find their 
1 .i n i l  t n t i  oil s o  



AERODYNAMICS ON A TRANSPORT AIRCRAFT TYPE WING-BODY MODEL 

Ve Schmitt 

SUMMARY 

This study carried out at ONERA is based on the DFVLR- 
F4 wing-body combination. The 1/38 model is formed by a 
9 . 5  aspect ratio transonic wing and an Airbus A 310 fuaelage. 
This configuration has been aelected a d  the main subject  of 
a GARTEUR working group (cooperation between Germany, Nether- 
lands, Great-Britain and F'ra~co).  

The aim of this paper is to survey the work done by 
ONERA. After a description of the F4 wing geometrical char- 
acteristics, main experimental results obtained in the S2MA 
wind tunnel aro discussed. Both wing-fuselage interfcr- 
ences and viscous effects, which are important on the wing 
due to a high rear loading, are investigated by performing 
3D calculations. An attempt is made to find their limita- 
tions. 

1 - INTRODUCTION 

The future development of the civilian transport aircraft in 

Europe, in the light of remaining competitive in the world market, 

will require more extensive studies to be conducted pertaining to 
the reduction of opciktting costs of such an aircraft. A special 
importance is, therefore, given to the development of methods of 

transonic calculation that are capable of handling an entire air- 
craft configuration. In this regard,  considerable efforts have 
been made in Europe I 1  I ,  1 2 1  and in the United States 1 3 1  , l . ' , l , l ~ ] .  
However, when geometric shapes become com?lsx, the development of 
such methods and a r i  accurate determinatioc ef their limitations also 

raise  numerous and various types of problems. 

One of the problems lies in the absence of a coherent and re- 

liable set of experimental data,corresponding to a sufficiently 

realistic aircraft configuration, permitting an evaluation of cal- 
culat ion methods. 
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In order to Solve this probloa, a working group formed under 

GARTEL'Y (Group f o r  Aeronautical Reaearch and Technology in Europe), 
which brilrgs together representatives from remearch institutions and 
industries of France, Germany, Great Britain and the Netherlands, 

has decided to establish such a set of data. A model was selectod 
for  a wing-fuselage combination designed by DFVLR using the F4 
advanced technology transonic wing and a 1/38 scale A 310 Airbus 

fuselage I o  1. 

This model i s  being tested in Europe's largest transonic wind 

tunnels and a comparison will be made of the various experimental 

results obtained. firtherrnore, a comparison of these results with 

the results derived using some ten methods of transonic calculation 
w.il1 be another interestinc aspect of this cooperation. 

While awaiting the conclusions of the working group, that are 

expected to be available before the end of' 1982, the purpose of this 
report is to provide a glimpse of ONERA'S contribution to thvae 
works.  

2 - DESIGN OF THE CONFIGURATION 

The F4 wing was deaiped by DFVLR as a contribution to the ZKP 
(Ziviles Komponented Program) research program started in Germany 
in 1975 with the financial support of the German Ministry for Research 
and Technolow. This program, a few details of  which nre given in 1 7 1  

has been conducted in close collaboration between German aeronautic 
ranufac turers and DFVLR for the purpose of providing a methodical 

contribution to transonic wing technology and minimizing the risks 

reaultinc f r o m  an application of this teclinology to civilian transport 

a i r c ra f t pro j e c t s . 
The conceptual d e s i g n  o f  the F4 wing is preronted in detail in 

l:;l and the  essential points of  it are presented in this chapter. 
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2.1 - I n i t i a l  Condi t ions  

The o r i g i n a l  i n t e n t i o n  waa t o  d e s i g n  a transonic wing w i t h  a 
g iven  conven t iona l  p l a n a r  shape  t o  be i n t e g r a t e d  w i t h  a fi801rge 

provided  w i t h  a passenger  c a p a c i t y  of a n  Airbus A310. Thio p l a n a r  

shape is c h a r a c t e r i z e d  by a t ape red  sweptback wing p r e s e n t i n g  a 
t r a i l i n g  edge break  i n  such a manner t o  f a c i l i t a t e  t h e  i n t e g r a t i o n  

of t h e  l a n d i n g  gear i n t o  the wing ( f ig .1 ) .  The main parameters are2 

a s p e c t  ra t  i o  

t a p e r  ra t  i o 

sveep  a t  t r a i l i n g  edge (a =27.1° 
break a t  t r a i l i n g  edge 3c =O. 4 b/2 

fuselage r a d i u s  f =0.126 b/2 

34 

The aerodynamic c o n d i t i o n s  t o  s a t i s f y  are as fo l lows:  

c r u i s e  Mach number Mo = 0.785 
( l o n g  d is tance)  

c o e f f i c i e n t  of l i f t  
(optimum f i n e n e s s  r a t i o )  

c = 0 . 5  z 

R; cruise Hach number 
( h i g h  speed)  

c o e f f i c i e n t  o f  li f t 

No = 0.82 

Cz = 0.4 

Thanks t o  t r a n s o n i c  technology, the r e l a t i v e  w i n g  t h i c k n e s s  should 

r each  1 5 %  a t  the r o o t  and 1 2  t o  l 3 $  on t h e  ou t s ide .  Th i s  i s  a c o n s i -  

d e r a b l e  i n c r e a s e  compared t o  t h e  A300 w h i c h  has a c o n s t a n t  r e l a t i v e  

t h i c k n e s s  of 10.5% over  the e n t i r e  span and a sweepback of more thnn 

3* a t  t h e  t r a i l i n g  edge. 

Owing t o  t h e  l a r g e  a s p e c t  r a t i o  of t h e  wing, i t s  des ign  w a s  
f i r s t  based on a c a r e f u l  drawiug of a b a s i c  p r o f i l e  p r e s e n t i n g  t h e  

r e q u i r e d  aerodynamic c h a r a c t e r i s t i c s .  

2.2 - Basic  P r o f i l e  

Tlie c o n d i t i o n s  of a d a p t a t i o n  of such a p r o f i l e  are based on 
t h e  simple laws of n sweptback w i n e  w i t h  an i n f i n i t e  span: 



Factor 1.2 includes a l l  three-dimensional effects of span limits 
for an aspect ratio of 10. Vith mean values extracted *om the 

aerodynamic wing conditione indicated in the precoding chapter, the 

following conditions are derived: 

Mach number 

coefficient of lift = 0.65 
YLS:: being equal to 2 5 O .  

An iterative procedure has been adopted for the design of this 

profile for which w e  have looked for a 'plateau' type upper surface 

pressure distribution followed by an isentropic recompression, while 
the high coefficient of lift is obtained by a high rear lording. 
This leads us to the definition of the DFVLR-Rb profile 191 vith a rela- 
tive thickness of 13.5% and the geometric characteristic8 of which 
are shown in figure 2. Shown also, for illustration, ( f i g . 3 )  are 
the pressure distribution8 obtained in the vicinity of an adaptation 

/b 

point by calculation l l O l  and in the TUB wind tunnel of the DFVLR. 

2.3 - Geometric Characteristics of the Wing 
Based on this profile which must assure the desired type of 

recompression, the wing design is formed with the following objectives: 

-to obtain a minimum induced drag by an elliptical lift distribution 
along the span; 

-to obtain along the wing surface a network of i8obars parallel to 
the lines at X/C = conatant. 



To accomplish this, the wing twist law has been dotormined 
using a reverse method of vortex network i l l1  with an elliptical 
lift distribution by starting with a load distribution corresponding 1 
to that of profile R4 at the adaptation point. 
the wing (beyond the trailing edge break) is obtained by projecting 
the basic profile in the wind bed (by the cos ine  of sweep angle 
p 2 5 0 2 )  and by its adjustment to the calculated twist angle &I, 
F o r  the definition o f  the profile at the root, iterative calcula- 
tions have been performed around the entire configuration using a 

transonic method of small disturbances 1121 by applying the above- 

mentioned concept of straight isobar lines. 

1 

The external part of 

Finally, the DFVLR-F4 wing is defined geometrically from 4 
definition sections presenting the following characteristicst 

3 .- ? y . k  e 'c E" 

0.126 

0.4 

1 - root 
2 - trailing edge break 0.15 4 . s 0  

0.122 1.8" 
3 -  
4 - tip 0.7 0.122 0,9" 

1 .o 0 .122  -0.5" 

The relative thickness l a w s  and the wing twist are shown i n  

figure 4. In order to obtain a simple geometry, a linear interpo- 
lation procedure has been adopted between the 4 des ign sections. 

T h i s  wing is integrated with the fuselage in low position with 

a dihedral angle of b.8O.  

3 - EXPERIMENTAL STUDY I N  THE SZHA WIND TUNNEL 

This study was preceded first by a 1/38 scale half-model 

( - . %  -. 0 , 5 6 7 7  ,:,L 
then by the first experimentation of the complete model (same scale) 
at NLR in the HST wind tunnel. It should be noted that the construc- 
tion of the full model and the execution of this test correspond to 

CARTEUR operations. 

in the CCIttingen wind tunnel of DFLR (see ref. 



As with the case of the HSTwind tunnel, the full model n 8  

mounted at SPMA on a 2-shaped ating using a 6 component balance. 
Tho right wing is equipped with 252 preasure inlets distributed into 
7 measuring sections, plus 44 pressure inlets placed along a vertical 
plane to the fuselage. Moreover, the left wing received an instru- 
mentation for unsteady measurements (1 root gage, 2 accelerometers, 
7 "Kulitew pressure transducers) and 14 colored fluid transmitters 

f o r  buffeting investigations. 

The tests were performed at the maximum perforation rate f2 
of the test section (6%). Under the8e conditions, the wall effect8 

are known to be very small. Considering its dimensions, at the 
cruising point o f  model F4, w e  can expect to have corrections of 
about t 

\'(. -- + 0.003 
-. in Mach number 

L \ L Y  =- - + 0.03'' in incidence 

Nevertheless, in order to meet the abovementioned quality 
conditions, corrections are made of wall effects, of the pressure 

gradient in an empty test section and of the sting effect. 

In order to assure an interference of shock wave - turbulent 
boundary layer, which is considered to be indispensable, it is 

necessary to start the transition on the upper surface and on the 
undersurface of the wing using the nominal Reynolds number of these 
tests ( e>c = 3 . 1 ~ 0 . ,  and the aerodynamic reference chord 

c = 0 . 1 4 1 2 m ) .  The next chapter describes a few problems connected 
with this transition initiation. 

3.1 - Evaluation of the Effects Caused by the Initiation of the 
j 

The transition initiator retained for all tests of model F4 
i s  a carborundum band 3 nun w i d e  which has the same position on t h e  
upper skin and on the lower skin for all tests. On the top skin, 

j.t is selected as a function of the shock wave positions at the 
adaptation point and the surrounding area. It is the result of a 

6 



compromise between a position too far forward and a position too 
far backward which would prevent the formation of a homogeneous 

turbulent boudnary layer upstream from the shock. On the under- 

surface, this position is determined as a function of the pressure 
gradient in order to avoid too much reduction in the rear loading 

caused by a thickening of the boundary layer. The selection made 

f o r  the F4 wing  is illustrated in figure 5. 

We now have to determine the optimum size of carborundum for  

initiating the transition 011 the band without excessive thickening 

of the turbulent boundary layer in order to avoid a parasitic drag. 
This operation is performed in an industrial wind tunnel using vis- 

ualisations of the transition by a sublimation technique. This in- 

vestigation is usually conducted with the cruise Mach number f o r  a 

coefficient o f  lift Cz in the vicinity of  the appearance o f  bufet- 

tine;. A critical analysis of the selection performed at S2MA has 

been tried at DEHAT by a purely two-dimensional approach using an em- 
p i r i c a l  criterion of optimum initiation 1131, The result is shown 
in figure 6 for a measuring section situated atLz-;*/5 = 0,636 

at the upper surface and at the undersurface in the case o f  cruise 
conditions. The roughness heights seem to be close to their optimum 
value,e. The excess thickening of the boundary layers is therefore 
evaluated to be very small. 

Nevertheless, considering the rather low Reynolds numbars that 

can now be obtained on transport aircraft models, more effort is 
needed to develop a more reliable technique of transition onset in 

a wind tunnel and to improve the prediction means in this regard of 
the device used on the created turbulent boundary layer. 

The general consequences of transitior. initiation may be brought 

to light by a comparison with tests o f  natural transitions. For 

illustration, figure 7 shows the pressure f i e l d s  on the wing in 
natural transition ( i 4  1 and the initiated transition ( '0 ) 

for Mo = 0.75 and cs = 0.5,, which corresponds to one of \;he 3 
cases  of calculation selected by the G A R T W R  research team which 

w e  will return to in chanter 4. Notwithstandina the noticeable 

7 



reduction of the rear loading at the external wing undersurface in /6 
TD, the shock wave position at the upper surface seems to bo hardly 

affected by the initiation. On the other hand, the variation of 
the coefficient of pressure at the trailing edge of the section 
situated at > \  t'.', =- o,.'hOc) at this Mach number and also at the 

cruise Mach number (fig. ) diverges at C z  that are much lower in 
TC than in TN. Since this divergence is expressed by the appear- 

ance of a separation at the trailing edge, the Cz appearing with 
buffeting is also lower in TD than in TN. Likewise, w e  can 8ee in 

figure 9 that the fineness ratio, at the cruise Mach number, under- 
goes a loss of about 10% at the cruise Cz relative to the configur- 
ation in TN. 

3.2.- Aerodynamic Performances 

To have a general idea of the aerodynamic quality o f  the con- 
figuration under study (in TD), the drag divergence limit should 
first be studied in a plane Cz, Ma. This requires the study of the 

drag coefficient variation Cx as a function of the Mach number at Cz 
(figure 10). In passing, it may be observed on this figure the ab- 

sence of a noticeable precritical drag. The determination of the 
drag divergence from these curves has been performed using the usual 

ci-i terion 
k 0.1 

The result obtained is shown in figure 1 1  and shows In particular 
that the target cruise point f o r  the flight at an optimum fineness 

ratio i s  situated below this limit that physically expresses the 

presence of a supercritical f l o w  with the appearance of shock waves. 

Finally, in order to evaluate the induced drag, it is convenient 

to examine the experimental curve 



The slope of this curve relative to the optimum theoretical value 

is a quality index. Figure 12 presents the result obtained at the 
cruise Mach number, the slope ratio being 4 = 0.88i. . 

The aerodynamic quality of a project may also be expressed in 
the Breguet formula relative to the distance that the term can cov- 

er cut, * vo 

the maximum of which is researched for the cruise point. A plotting 
of lines at the same level, extracted from the set of stress meas- 

urements, in plana Cz, Mo (figure 13) illustrates that this condi- 
tion is quite satisfactory in the present case. 

One last point concerning the limit of a buffeting appearance is 
as follows: considering the model equipment used, several types of 
measurements allow us to make an evaluation of this limit: 

-steady measurement using the balance: C2r{faJ; the appearance of 
buffeting is determined at = 0 , l "  beyond the linear variation 
of this curve? 

-unsteady measurements ( e-.$ values within a given frequency 

band) by the balance (dynamic roll " ~ q + ~ = / ( D l j )  , a bending gage 

at the root and an accelerometer integrated in the wing. In these 

cases, which correspond to various structural responses, the ap- 

poarance of bueffeting is diagnosed by the signal diverge.xe, L e .  
a sudden increase in its intensity when the incidence increases 
beyond a certain value. 

Figure 14 shows that the range formed by all limits thus found 
is very wide and its interpretation 3 not easy. Neverthele88, the 
limit deduced from the curves of lift are likely to be pessimistic 
in a case such as this one for which the important viscous effect8 
affect the flow on the airfoil. 

9 '  
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If a first problem in the study of buffeting is an accurate 
determination of the appearance of this phenonmenon, an even great- 
er problem is quantification. An attempt is being made to implement 
the very simple, but also very controversial Mabey method j[141, 

! t .  . -*- 

4 - PREDICTIONS BY CALCULATION AND COMPARISON WITH EXPERIMENTS 

The conditions for the calculations to be performed on the 

configuration under study were suspended after the experiments on 
the mod.el at NLR were completed, The selection made on cases in 
the vicinity of the cruise point exempt from pronounced 1ocal.separ- 

1 at ions : 
2 3 

0.75 
Mach number Mo 

0.75 0.77 

0.6 0 . 5  

0.84 -0.01 

0.5 coefficient of lift Cz 
or incidence !x 0.10 

In order to account for deformations subjected by the airfoil 
under aerodynamic loading, a minor correction of the twist law 
(chapter 2.3) has been made as a result of a theoretical evaluation 
at the NLR. 

4.1 - Supercritical Flow on the Wing 

Calculations have been performed at ONERA, as is the case with 
most participants, by processing the airfoil separately as an "exposed" 

airfoil. These are perfect fluid calculations using a relaxation 

method to solve the equation of full potential in a non-conservative 
form. This method isddescribed in detail in '[is] . The code of 

calculation has, nevertheless, been constantly improved and it now 
exists in a more operational form. 

Sinceacalculation - Cz experiment comparison is likely to under- 
go considerable effects of compensation, the calculations have been 
performed at a given incidence. This method of pi-ocedure doe8 not 
favor a ccmparison with the experiment, but it does make it possible 

to evaluate important viscous effects that are expected in view of 
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the high rear loading of the w i n g .  

Calculations are performed using a boxed meshing technique, 
the finest mesh of which is 130 x 32 x 30 ,  or 124,800 points, while 
the flow on the wing is described by 20 sections along the span with 

84 points in each (42 at the upper and lowersurface). 
of parabolic type, develops spanwise. Figure 15 shows details of 

the sections closest to the root  and tip of the F4 wing. It may be 
seen that -:he sheet outlining the slip-stream straightens as we move 

downstream from the wing. 

The meshing, 

The variation of the maximum residue along the iterations and 

the convergence of the lift are shown in fjgures 16 and 17 for the 
case of the first calculztion. The last fiarrs indicates that the 
result obtained has not completely converged, in spite of a 185 mn 

computer time on the Cyber 170-750 computer. 

The solution obtained is shown by iso-Mach lines at the upper 

surface (fig.l8), then by the pressure field vieved in perspective 

along the upper surface and on the undersurface (fig.19). 
upper surface, we may see the presence of a widely extended super- 

critical zone with a high plateau preceded and followed by relatively 

important recompressions and, on the undersurface we may see the 
high rear loading, particularly on the external part of the wing. 

On the 

The comparison of these pressure distributions with the exper- 

iment on figure 20, however, is not satisfactory. It is not satis- 
factory in the fine description, with in particular the absence of 
a definite shock wave and a t o o  high rear loading in the calcula- 

tion, or at the level of the coefficients of local lift Csq s 

the theoretical values of which are clearly too high. The span 

load di stribution (fig.21) confirms the high overestimation of the 
calculations, although the appearance of the curves are quite sim- 

ilar. Furthermore, the lack of agreement in the calculation-exper- 
irnent comparison appears also in the other two cases treated. 

It should be remembered that the transonic calculations per- 

formed do not include the presence of the fuselage and the viscous 

1 1  
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e f f e c t s .  I n  t h e  next  c h a p t e r  w e  w i l l  t r y  t o  evaluate t h e  r e s p e c t i v e  
r o l e  o f  each o f  t h e  two f a c t o r s .  

4.2 - Eva lua t ion  o f  t h e  I n f l u e n c e  o f  t h e  Fuselage and Viscous Effects 

I n  o r d e r  t o  de te rmine  t h e  r e s p e c t i v e  i n f l u e n c e s  of t h e  fuselage 

and o f  t h e  v i s c o u s  e f f e c t s  on t h e  a i r f o i l ,  t h e  c a s e  o f  a s u b c r i t i c a l  

f l o w  w a s  prepared.  The fo l lowing  c o n d i t i o n s  w e r e  s e l e c t e d :  

Mach number Mo = 0.60 
i n c i d en c e o< = 0.7O 

I n  o r d e r  t o  e v a l u a t e  t h e  i n f l u e n c e  o f  t h e  f u s e l a g e ,  we used a 
method o f  s i n g u l a r i t i e s  developed by A d r o s p a t i a l e  [16]  i n  vh ich  t h e  

e f f e c t  o f  t h i c k n e s s  i s  de+,errnined by a s u r f a c e  d i s t r i b u t i o n  o f  

s o u r c e s ,  w h e r e a s  t h e  l l f t  e f f e c t  is ob ta ined  u s i n g  a d o u b l e t s  d i s t r i -  

bu t ion  on t h e  o u t l i n e  o f  t h e  a i r f o i l .  

The c a l c u l a t i o n s  performed are, o f  c o u r s e ,  concerned w i t h  t h e  

wing-fuselage combination, tl?e q u a n t i f i c a t i o n  o f  wh ich  is shown i n  

f i g u r e  22, t hen  w i t h  t h e  f u s e l a g e  s e p a r a t e l y  and t h e  wing s e p a r a t e l y .  

Two c a l c u l a t i o n s  w e r e  performed f o r  t h e  l a t t e r :  

-one f o r  t h e  wing e x t r a p o l a t e d  t o  t h e  symmetry p l ane ,  

- t h e  o t h e r  f o r  t h e  exposed wing as adopted  f o r  t r a n s o n i c  c a l c u l a t i o n s .  

F i r s t ,  t h e  wing t o  f u s e l a g e  i n t e r f e r e n c e s  a r e  shown by comparing 

t h e  p r e s s u r e  d i s t r i b u t i o n s  ( f ig .23)  ob ta ined  i n  t h e  symmetry p l a n e  

for complete system c o n f i g u r a t i o n s  and f o r  t h e  f u s e l a g e  s e p a r a t e l y .  

A n  e x c e l l e n t  agreement between c a l c u l a t i o n s  and experiment may be 

noted.  

The fuselage t o  wing i n t e r f e r e n c e s  a re  shown i n  f igure 24, where 

a comparison is given ,  f i rs t ,  of t h e  span l o a d i n g  d i s t r i b u t i o n s  cal- 

c u l a t e d  on t h e  e n t i r e  conf igu ra t ion  and on t h e  e x t r a p o l a t e d  wing. 

I t  may be observed t h a t  t h e  t h e o r e t i c a l  l i f t  oi' t h e  e x t r a p o l a t e d  

1 2  



winR overshoots that of the full configuration by some 8%. & ;  
The calculation-experiment comparison of the local lift distri- 

1 

butioti on the full system brings t o  mind that of the supercritical 

case (fig. 21 ). The calculated ldft exceeds the experimental value i 
by 309,. 

Another concern is to bring to light the benefits of exposed 
wing calculations compared to full configuration calculations. The 

a n s w e r  may be found in the results presented in figures 25 and 26. 
Uy comparing the lift distributions obtained by the method of singu- 
larities, we may detect, at the wing level, relatively few differences 
between the full configuration and the exposed wing which are ex- 

presssd  by a lift deficiency in tlie case of the exposed wing of 

about 3.5%. Moreover, the result o f  a calculation of the exposed 

wing using the transonic method aKrees perfectly with the result 

g i v e n  by the method of singulari ties. The pressure distributions 

calculated on the full system and on the exposed wlng by using both 

metliods confirms the idea that the concept of the exposed wing in 

the calculations is acceptable, at least in the subcritical case. 

firtherrnore, a f e w  published result3 1171,  1 1 ~ 1 ,  tend to show that 
this observation is also true  for supercritical flows. 

To bring to light the influence of viscous effects on this con- 

figuration, a two-dimensional approach has been tried by using 

a section at mid-span from the wing. The calculation code used 
solves tlie entire equation of potential in connection with tke 

evaluation of the boundary layer using an integral method 1 1 9 1  

In an iterative calculation process, the geometry is corrected of 

displacement effects, with the convergence intervening a few steps 

later. 

F o r  the example treated here (fig. 2 7 ) ,  the two-dimensional 

calculation was performed by beginning with the perfect fluid of 

the coefficient of local lift determined by three-dimensJona1 cal- 
culation. The aRreement of t h e  pressure distrlbutions thus calcu- 
lated with the experiment is Rood, except at the undernurface at 

tlie rear loadinc . l eve l .  Compared to the experiment, the calculation 



of the p e r f e c t  fluid lead8 to a n  ove ree t ima t ion  of the l o c a l  l i f t  

by 26$, t h a t  of t h e  v i s c o u s  f l u i d  l e a d 8  t o  on overe8tiImation of 
on ly  4$, T h i s  proves t h a t  t h e  i n f l u e n c e  of v i s c o u s  effects  on the 
F4 system is c o n s i d e r a b l e  and e x p l a i n s  t h e  poor q u a l i t y  o f  direct  
comparisons o f  p e r f e c t  f l u i d  c a l c u l a t i o n s  and expe r imen ta t ion ,  

$j - CONCLUSION 

The DFVLR-F4 model, designed w i t h i n  t h e  framework o f  t h e  G e r -  

man ZKP r e s e a r c h  o p e r a t i o n ,  has been s e l e c t e d  by a r e s e a r c h  t e a m  
of GARTEUR as a suppor t  f o r  t r a n s o n i c  s t u d i e s  o f  a wing-fuselage 

system used t o  r e p r e s e n t  a c i v i l i a n  t r a n s p o r t  a i rc raf t ,  Experiaen- 

t a l  r e s u l t s  a r e  expected t o  be obta ined  i n  f o u r  o f  t h e  large8 t r a n s -  

o n i c  wind tu i ine ls  of Earope t o  be used as a basis o f  e v a l u a t i o n  of 
o p e r a t i o n a l  t r a n s o n i c  c a l c u l a t i o n  methods or of t h o s e  b e i n g  deve l -  

oped. 

We may a t  t h i s  t i m e  conclude from r e s u l t s  a l r e a d y  c o l l e c t e d  i n  

t h e  S2MA wind t u n n e l  t h a t  t h e  aerodyanmic c o n d i t i o n s  o f  t h e  p r o j e c t  

are  s a t i s f a c t o r y ,  However, t h e  i n i t i a t i o n  o f  t h e  boundary layer 
t r a n s i t i o n  on t h e  w i n g ,  which i s  i m p e r e t i v e  f o r  o b t a i n i n g  t u r b u l e n t  

boundary l a y e r  - shock wave i n t e r f e r e n c e s  on t h e  t o p  s k i n  u s i n g  

Reynolds number c, , __ ‘ j .  1 (;b r e s u l t s  i n  a f e w  losses from t h e  p o i n t  

o f  view o f  performances,  

Furthermore,  t h e  c a l c u l a t i o n  - experiment comparisons performed 

a t  ONERA stress t h e  presence  o f  important  v i s c o u s  e f f e c t s  on t h i 8  

c o n f i g u r a t i o n .  On t h e  o t h e r  hand,  t h e  i n f l u e n c e  o f  t h e  fuselage 
does n o t  seem t o  be a majo r  Obstacle  f o r  a comparison of expe r imen ta l  

results w i t h  c a l c u l a t i o n  r e s u l t s  ob ta ined  on on ly  t h e  wing, 
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Fig .  1 - Planar Shape of the  DF'LR-Fb Wing. 

Geometric parameters: 

aspect ratio A c9.5 

leading edge sweep 9 =27.1° 
taper ratio A =O.3 

fuselage radius a,fi =001263 
trailing edge break 3rd d . 4  

/.'C DFVLR-Rb PROFILE 

-,;; I 

Fig. 2 - Geometric Characteristics 
of the Basic Profile. 
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Fig.3-Theoretical & Experi- 
mental Pressure Dis- 
tributions in the 
Vicinity of an Adap- 
tation Point. 
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Fig.4-Relrt%vo Thloknraa Law. and W i 8 t  
of the DFVLR-F4 Wing. 
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Fig. 5 - Wing Transition Initiator. 

Fig. 6 - Application of the Transition Initiation Criterion to a 
Rough Surface (DERAT 11311. 
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F i g .  7-Example of Pressure Fields in Natural and in 
Initiated Transition, 
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Fig.8-Effect of Transition Initiation on the Coefficient of 
in section 2y/b 0,409, 
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Fig.9- Finesse Ratios in Natural and Initiated 
Transitions. 
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Fig.10-Drag Curves at CZ=const. 
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Fig. 1 %-Induced Drag. 
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F i g .  13-Aerodynamic Qual i ty .  
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Fig. 14 - Limits for the Appearance of Buffeting. 

F i g .  17 - Lift Convergence 
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Fig. 16-Maximum Error Variations. 
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UPPER SURFACE 

Fig.18-180-Mach Lines Calcu- 
lated in the Vicinity 
of a Crossing Point. 
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Fig.18-Field Pressure Calculated in the  Vicinity of 
the Crossine Point. 
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i Figm20-Pressure Distributions (Theoretical and Experimental). 

Fig.21-Span L i f t  Distributions. 



Fig. 22-Subcritical Calculations o f  t h e  Wing-Ebsela.Te Fb Model 
Geometric Quantification. 

Gin wy FVLL SYSTEM singularities) 

Fig.23-Effects oi Wing-Fuselage Integration. 
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,' Key: a-(Singularities) cal- 
culation; b-mll system: I' 
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Fig. 24-Ef fec t s of Fbselage-Wing Integration. 

Key: a-Full s stem (singu- 
larities J ; b-Wing part; 
c-Exposed Wing; 
d-Singularities. 
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Fig. 25-Influence of the wexposed wing" 
design on the span lift distribution. 
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Calculations 
__ F'u11 system 

- - .  Exposed wing (FPE) 
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Test (s2H4) 
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Fig.26-Influence of "exposed w i n g "  concept on 
pressure distributions. 
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