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NOTATION

Xp
Yp Cartesian coordinates in the reference working section
Zp (porthole axis)
X
Cartesian coordinates in the wing reference (leading
Z edge to socket)
C Profile chord of the wing section considered
ol angle of the model (fuselage axis)
Mo Infinite Mach upstream of the flow
M Local Mach (wing or wall)
P-po
Kp m .-2
lde Pressure coefficient
2 [
Cz Local or complete-wing lift coefficient
X
¢ - j Kp . d (=&~
z lacal P"f“ (Cu)
Cz = Fa

ESA V. Sale



TESTS WITH THREE-DIMENSIONAL ADJUSTMENTS IN THE RECTANGULAR
WORKING SECTION OF THE FRENCH T2 WIND TUNNEL, WITH AN
AS 07-TYPE SWEPT-BACK WING MODEL

A. Blanchard, M. J. Payry, J. F. Breil

1 - INTRODUCTION /7%

This test series follows a study done in the T2 wind tunnel
with the goal of defining a shape for the adaptable walls which
would minimize their influence on three-dimensional objects

placed in the center of the section or fastened on the side.

The present configuration of the working section does not
allow obtaining a shape identical to that of the layer of
current existing around a three-dimensional model in unlimited
atmosphere (two completely rectilinear and parallel lateral
walls, two flexible and bendable upper and lower walls). The
planned solution thus consists of using the two bendable walls
to minimize the influence of the walls on the model.

The method implemented uses solutions developed by "E.
Wedemeyer and L. Lamarche" [5]. A first series of tests was
done in cooperation with the University of Berlin on various

existing models [6]:
- a C5 revolving body 166 mm long, 0.3% blockage;
- a civil F4 airplane model with 120-mm wingspan and three-
component balance;
~ a duck~-type military airplane model with the same balance.

Another series of tests was then done on a bigger model [7]:

- a C5 body 400 mm long, 1.8% blockage.

*Numbers in the margin indicate pagination in the foreign text.



The results and calculations were compared.

The calculation method was optimized for revolving bodies
placed in the center of the section; an extrapolation was tried
which placed a half-wing at the wall. 1In this case, calculation
is done as if the section were twice its actual width, using the
Mach distribution at the wall measured near the plane of

symmetry.

The results obtained on the "16/1000-scale" AS 07 are
discussed in this report. They can be divided into two groups:

control tests and systematic tests.

Included in the first group is control of wing angling by
rotating the walls. The path of the jacks would not permit the
displacements required by calculation for angling the model to
+2°; we thus used this artificial method after having verified

its validity.

The three-dimensional adaptation method supplies the
optimal shape of the walls from the first calculation, whatever
the initial position of the walls; this was verified in /8
several test configurations. Finally, an adaptation called
"two-dimensional" was tested; it uses the normal method for T2
profile tests. This case, without theoretical justification,
was tried to see the influence of the shape of the walls and the

size of errors which can be made.

The second part of this study corresponds to systematic
tests: four configurations were chosen which gave different
lift coefficients, without making highly supersonic zones appear
on the profiles. For each configuration, three wall positions

were tested:

- The first, called "unadapted," corresponds to the upper
and lower divergent rectilinear walls compensating for



thickening of the limit layers; it served as our basis
for beginning three-dimensional adaptation calculations.
These particularly simple limit conditions can also be
used for complete calculation of the flow in the working

section.

- The second wall shape comes from the three~dimensional
adaptation calculation; the flexible sheets are

positioned before the gust.

- Finally, the last case corresponds to "two-dimensional -
adaptation”; the iterative process converges on a single

gust.

For each type of test, three gusts are necessary to obtain
readings from the six rows of pressure recorders spread along
the AS 07 wing.

The experimental results gathered during this series are
not sufficient to validate the three-dimensional adaptation

method used. Additional calculations must be made to estimate
residual corrections. 1In these tests, a negligible influence of
the walls is observed for low lift values or low Mach numbers;
inversely, for 2 degrees of incidence or for Mach 0.8, the gaps
become significant and can in part be interpreted as variations

in aerodynamic incidence.

2 - ADAPTATION PRINCIPLE

The purpose of the adaptable walls is to create an
unlimited flow around a model in a working section with finite
dimensions; this can be done by controlling the wall conditions,
either by their shape in the case of solid walls or by flows of
mass through porous walls. The first solution has been chosen

at T2, where flexible sheets moved by jacks form the upper and

lower plates of the working section [3].



In the case of a three-dimensional body, it is necessary to
bend the walls located around the model to arrive at a shape
near the layer of current existing around the model in unlimited
atmosphere. This solution is not at present possible at T2, but
on the other hand it is possible to use the two flexible /9
walls to minimize residual corrections due to the influence of

the walls on the object.

2.1 Two-dimensional adaptation

The details of the process will be found in [2] and
[4]; it uses a coupling between the real flow in the working
section (internal field) and a calculated virtual flow outside
the wind tunnel (external field). Coupling occurs on a control
surface near the walls through speed vector components,
Adaptation is achieved by an iterative process acting on the
shape of the walls: the components of the speed on the control
surface become available at each iteration; they are
extrapolated from the pressure measurements at the wall. The
velocities needed on the control surface to achieve an unlimited
external flow are calculated by the Green function following an
inverse method. A method of optimized relaxation between the
internal and external flows for the vertical velocity component,
followed by an integration along each flexible wall, supplies
the new shape of the wall. The real shape needed is obtained by
adding the thickness displacement of the four wall limit layers.

2.2 Three-dimensional adaptation

For three-dimensional adaptation, the process is
different [5]: it uses schematization of the model through
distribution of sources and vortices in a narrow horseshoe
placed on the section axis. This schematization gives a good
representation of axisymmetrical bodies mounted in the middle of
the working section.



The originality of the method lies in then doing a
linear transformation, which permits passing directly from
distribution of velocities at the walls to the adapted form
without needing to determine the intensity of singularities.

The optimized shape of the walls is thus theoretically obtained
from the first calculation; this shape, which is not exactly
"adapted," minimizes residual corrections on the model caused by

the influence of the walls.

Using this method for a half-wing at the wall is
abusive, because the base schematization does not represent a
wingspan; it has nonetheless been tried here by replacing the
lateral door by a plane of symmetry leading to a fictional
double section width, and taking the Mach distribution of the

flexible walls near the plane of symmetry as reference.

3 - EXPERIMENTAL EQUIPMENT

The T2 transonic wind tunnel is pressurizable and can
function at low temperatures; only minimum-pressure and ambient-

temperature tests were done during this series.

3.1 Working section eguipment /10

The working section has an almost square section of
0.39 x 0.37 mm2 at the entrance. Flexible sheets of Invar
make up the upper and lower walls, equipped with three rows of
pressure recorders whose coordinates are given in figures 7 and
8. The sheet-positioning mechanism is described in [2], [3],
and [4].

The left lateral door has three portholes with
pressure recorders placed along horizontal and vertical lines

whose coordinates are shown in figures 7 and 9.



The pressure recorders are linked to the Scanivalves,

each of whose head can observe 48 positions in 5 seconds.

The position of the wing in the working section is

given in figure 6.

The Mach number of the flow is set by a second neck
controlled by the computer which controls the gust.

No other equipment or wind tunnel measurement method

was used.

3.2 Mounting the wing

The AS 07 wing model with a scale of "16/1000" is
shown by the photographs in figure 5. The method of mounting
the wing on the wall is shown (figure 6), the plane of the wing
and its specifications are given (figures 10 and 11), and the
shape of the profiles which compose it and the positions of the
pressure recorders are indicated (figures 12 and 13).

There are six rows, each with 16 recorders on the
inner and outer sections and one on the leading edge; they are
placed across the wingspan so as to form lines with constant
chord percentages. These recorders communicate with tubes
placed in grooves along the wingspan; each tube communicates
with three recorders (either on the external wing or on the
internal wing). When one of the three rows of recorders is used
to measure pressure, the other two are covered with thin (0.05-
mm) adhesive strips. It is thus possible to simultaneously
measure pressure on two sections of the wing (one internal and
one external); measurement of velocities over the entire wing

thus requires three different gusts.

The wing is mounted on a half-fuselage linked to a

porthole, whose rotation ensures the angling of the wing-

10



fuselage assembly; the angular reference is the rectilinear part
on the back of the fuselage [1].

3.3 Acgquisition and examination program

The T2 wind tunnel is linked to a team of two
computers, one concerned with creating and regulating the gust
and the other with obtaining data and storing measurements to
disk at the end of the gust.

These tests are pursuant to the series done on the /11
C5 body and use its principal elements.

Disk cartridge LU 26, Program
LU 34, Test files, calculation files

Acquisition program

(TEACQ) Fixed walls:

I No adaptation
(RAFAL) PARC 5 (lance ACQC5) during gust

or

PARC S (uses PROJ and ADAP.) Two-dimensional
adaptation

Initialization of programs with (TR,) RINC 5 (For PARC 5)
‘ {or (TR,) RINC S (For PARC 8S)

AD =--- test number from AD 100 to AD 173

11



Wall positioning file

- any test file

- or calculation file
- or special file AD 4:
AD 444:
AD 445:;

AD---
AD 9 ---

Divergent rectilinear walls of

symmetrical limit layers.
AD 4 + 10°
AD 4 + 30°

rotation upward

rotation upward

Three-dimensional adaptation calculation

Calculation from a test file AD ---

VKJ 43
VKI M Calculation
| ip
T g * A
H }
| |
l):—— i h=370mm
| -
: v
©TTTTTTT 780 mm

-—PpFiling to disk

Calculation of wall shapes without rotation

of wall shapes with rotation

- section length 780 mm

h/b 2.1081

- reference recorders:
right lateral RL

- weighting coefficients
file VKJ - R (cartridge
LU 43)

- ratio ¢ =

File for new calculated wall shapes

AD 9 ---

beginning test number for the calculation

Programs for examination of AD--- files

LTCS:

- graphs local profile Mach numbers

graphs Kp
lists AD file

calculates Cz

12



LTC 51:
- graphs wall Mach numbers
- graphs wall shapes
starts LTC 52 (does an RP, LTC 52)

LTC VK:

- graphs only wall shapes calculated by VKI 43 or VKIM
(from AD 9~--),

4 - SUMMARY OF TESTS PERFORMED

A previous study was done on the AS 07 wing [l]. We
verified in one case that the same results would occur, although
the working section was modified when the T2 wind tunnel was

adapted for cryogenics.

The first control tests were done by measuring rows 2 and 5
of pressure recorders for the Mach numbers and incidences
indicated below:

| H : )

Mo 0,6 : 0,7 : 0,8 )

= 4 . . )
)

( +2° X X X )
( O X X X )
( =2° X X )
( )

13



Four configurations were selected for systematic tests: /13

s . )

Mo :
0,6 : 0,7 : 0,8 )
(o4 . . )
( )
( +2° X )
( )
( H H )
( o° X : X )
( o N )
' )
( =2° X )
( )

They correspond to a sampling of 1lift coefficients and to an
infinite Mach effect upstream, while limiting the supersonic
zones which appear on the profiles.

Figure 1 shows the list of tests in chronological order,
and figures 2, 3, and 4 classify them by configuration.

We first showed that rotation of the upper and lower walls
was equivalent to angling the model at the same angle. This
artifice was made necessary because the path of the jacks did
not permit the displacements required by calculation of

three-dimensional adaptation for a model incidence of +2°.

- Divergent rectilinear walls

.M°
( : )
X, (X 0 Wl 0,6 : 0,8 )
Qe;md- { Dusplay Stgni : )
( )
£9° ( +2°  AD 4 AD 120 )
( +1,5° AD 445 AD 122 )
( )
( : )
o‘ ( 0° AD 4 AD 107 - AD 109 : AD 108 - AD 132 )
( -0,5° AD 445 AD 137 -8 . AD 139 )
( : )

14



- Three~dimensional adapted walls

Mo

( .
( o CALCUL 0,6 0,8
( R

X a6rod. = 0° ( :
(0° VKI 43 117 : AD 119
( -0,5° VKI M 138 : AD 141
( :

The three-dimensional adaptation method theoretically
supplies the optimal shape of the walls from the first
calculation, whatever the initial position of the flexible

sheets, Controls were done in this respect for the following

configurations:

Mo

( : y
( & . 0,7 0,8 )
( plisplay )
( )
( +1,5° AD 127 (1) )
( AD 128 (2) )
( AD 129 (3) )
( )
( )
( 0° AD 115 (1) AD 118 (1) )
E AD 116 (2) AD 119 (2) )

)
( )
( -0,5° AD 140 (1) )
( AD 141 (2) )
( ' )

The figure in parentheses after the file number indicates the

~
[
£-%

|

order of the iteration; the wall-positioning file thus results
(Iteration (0) is the

from calculation of the preceding test.
test done with rectilinear walls.)

We also verified that the tests called "two-dimensional

adaptation" converged rapidly, as is the case for the profile

tests; it is sufficient for that to compare the wall position of

15



the 3rd and 4th iterations done during the same gust; the two
positions are always close. In general, the beginning shape
chosen is near the adapted shape, but we have tested this
convergence in the two particular cases when the beginning shape
was far from the adapted shape. The beginning file chosen was
AD 4: rectilinear walls divergent from limit layers and

symmetrical.
A5
Configuration: Mo = 0.7 & = +1.5° File AD 130 (1)
Configuration: Mo = 0.8 &« = 0° File AD 133 (1)

followed by File AD 134 (2)

Comparisons were made between the various wall positions;

they are noted:

- "Non," for divergent rectilinear walls

- "2D," for two-dimensional adaptation done with the PARCS
program

- "34," for positioning of the walls in the shape
calculated by the VKI 43 or VKI M program

It was decided to do systematic tests for the three cases
of "adaptation," the non-adapted case serving as a basis for
three-dimensional calculation (any wall shape will work); this
case can also serve as a basis for complete flow calculations,
because here the limit conditions are particularly simple. The
two~dimensional adaptation, a priori outside the subject of the
study, was systematically tested to use as a comparison with the

assumed optimal shape.

Finally, four configurations for three cases of adaptation,
reproduced three times to have the velocity field on all of the
wing, were tested; these 36 gusts make up the systematic tests

listed in figure 26a.

16



5 - CONTROL TESTS
We will not present all the tests done, but only a
selection of cases judged most interesting, since the goal of

this series is not to evaluate the AS 07 wing.

5.1 Angling by wall rotation

Of the five configurations tested (paragraph 4), three
are presented. The first corresponds to Mo = 0.6 and & = +2°
for rectilinear walls (figure 14); this is the configuration
which obliged us to use this artifice, as the three-dimensional
case could not be tested.

Figure 15 shows the comparison of Mach numbers on the
walls and on the wing, for an aerodynamic incidence egqual to 0°
and a Mach number equal to 0.8, in the case of rectilinear
walls. Figure 16 presents the same configurations but for wall
shapes coming respectively from calculations VKI 43 and VKI M.

The results of figures 14 and 15 show that the high
Mach case is the most recordable, but the correspondence of the
tests remains good. Figure 16 shows that the VKI M calculation
makes perfect allowance for total rotation.

It is thus possible to display a model incidence /16

different from that desired and to compensate by rotating the

walls.

5.2 Convergences of iterations

5.2.1 Three-dimensional adaptation

Several calculations for optimization of wall
shape were connected for one configuration. The last test is
always recalculated, leading to a wall shape which by definition

17



will not be used, but which will in fact constitute an

additional iteration.

Of the four tested cases, two are presented in
figures 17 and 18; the first (Mo = 0.7 and = 0°) shows that
the adapted shape is practically obtained from the first
iteration; in the second case--much more difficult (Mo = 0.8
and & = +2°)-~-it is necessary to wait for the second
calculation. This second case corresponds to a freely
supersonic regime of the wing which will not be studied

systematically herein.

5.2.2 Two-dimensional adaptation

In all tests done, the 3rd iteration is always
identical to the 4th and last iteration of the gust, even when
the upper and lower walls have been prepositioned in a shape
very different from the "adapted" shape. This is the case shown

in figure 19 corresponding to Mo = 0.8 and oL = 0°.

To confirm the validity of this statement, a
second test was done, positioning the flexible sheets on the
preceding shape; the values obtained can thus be considered to
correspond to the 4th, 5th, 6th, and 7th iterations of the test;
they are all identical (figure 20), which confirms that the

convergence was well obtained.

5.3 Non/2-D/3-D comparison

Two cases are presented here, one of which is not part
of the systematic tests:

- Mo 0.7 X = 0°
- Mo 0.8 o = 0

18



The gaps observed following the types of "adaptation"
will become more significant as lift and Mach number upstream
increase. The adaptation called "two-dimensional" gives results
nearer to the non-adapted case; in fact, everything happens as
if the aerodynamic incidence of the two-dimensional case were
higher than that of the tests with a wall shape adapted in three
dimensions. On the other hand, rectilinear walls lead to a

higher effective Mach number upstream (blockage effect).

In the first case (figure 21), the gaps are moderate;
they are more significant in the second case (figure 22).
Observation of the direction of the walls leaving the convergent
(figure 21) shows that effectively the direction of the flow
upstream is no longer horizontal in the "2-D" case, unlike the
"3-D" case; the angular reference was given by the "non-adapted"
case. The effect produced is incontestable,'because we /17
previously demonstrated that rotation of the wall assembly
modified the aerodynamic incidence of the model; however, this
is not sufficient to prove that the 2~D case is erroneous,
because the direction of the current lines in unlimited
atmosphere is not known. We note also the very different shapes
of the walls downstream; they go downward for the "3-D" cases,
which is logical allowing for the chosen schematization
(horseshoe vortex) and the calculation made (in the plane of
symmetry). But once more, that does not prove that the shape

obtained is optimum.

Finally, one can observe on the last figure (23) that
the effect produced by modifying the shape of the walls is not
constant across the wingspan. This was predictable due to the
working section geometry itself, allowing for twist of the wing

and for three-dimensional effects.

19



5.4 Visualizations

For three configurations, o0il visualizations were done
on the left door of the working section, giving the direction of
the current lines 55.4 mm from the end of the wing. Reference
marks were made, making it possible to locate the positions
relative to the current lines and to measure their deviations.

< 63‘5 mm B : - 34; I
|
|
' Wind
\o
+ 600 +boo +200 ! - 200
. ¢ ey o wmtmem ¢ tsjms o ommmtes o o o oo | —— —— o+ m—— s — s < -—:1
Wenling |
56(.".00 |
Axs ‘
§ |
! ]
! porthole

Nede
The end of the wing is located between the abscissas

91.06 mm and 135.86 mm from the porthole (figure 6) and very
near to the section axis (function of the incidence).

The maximum deviations noticed are located on the
section axis slightly behind the tip of the wing (figures 24,
25, and 26).

( : : )
( Mo : o Walls : 5 max )
" : ’
( 0.6 ¢ 20 “Non-adapted"; (5°...... 6°) ; Figure 24
E : AD 4 )
( . ’ )
( 0,6 M +2° . ; (5°.-.-.-6°) ) .
( . 'Adapted 2-D, ) Figure 25
E ' ’
: : . )
g 0,6 ° -2° "Non-adapted": v0.5° ) Figure 26
( X AD 4 X ;
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The photos taken from behind clearly show the 1

o]

deviations of the current lines.

6 - SYSTEMATIC TESTS

For the 36 gusts that made up the systematic tests
(paragraph 4 and figure 26a), the following information is
given: wall shape (figures 27 and 28), Mach numbers of the
three rows of recorders on the adaptable walls (figures 29, 30,
31, and 32), Mach numbers of the left lateral door (figures 33,
34, 35, and 36) following the horizontal axis or the three
verticals, and finally spread of Kp on the AS 07 wing (figures
37 to 44).

Numerical values for these curves are given in the attached
test listings. File numbers corresponding in chronological
order to the experiments were kept in the interests of clarity.

Here will be found a systematic comparison of the three
cases of adaptation--"Non/2-D/3-D"~-and their influence on the
speed distributions whose principal characteristics were seen in

paragraph 5.3.

Finally, integration of Kp for each section supplies local
lift coefficient Cz. The values are tabulated in figure 45;
they were traced along the wingspan of the various
configurations tested (figures 46 and 47). It is observed that
the internal wing changes less rapidly than the external wing
with incidence (figure 46) or Mach number upstream (figure 47).

On the other hand, the gap between the "non-adapted" and
"adapted 3-D" cases increases with the 1lift.

21



Local Cz were multiplied by the chord of the profile in the
section considered; the product Cz ° C represents local /19
contribution to wing lift. The values obtained were traced in
this representation (figures 48 and 49); this weighting modifies
the appearance of the curves ("elliptic" distribution plane),
but the observed tendencies are the same.

Finally, integration of the curves in this last
representation supplies the overall 1lift coefficient of the
wing, which was reported as a function of incidence (figure
50). We have also reported the lift measured during the
preceding series [1l], done between rectilinear walls for a Mach
number upstream of 0.47. The effect of compressibility is felt

more as supersonic zones develop on the wing.

7 - CONCLUSION

This series of tests on the AS 07 wing is registered as a
study on three-dimensional adaptation of the T2 wind tunnel. It
uses the two flexible walls to minimize residual corrections in
the presence of a three-dimensional model. It implements the
"E. Wedemeyer and L. Lamarche" method where schematization of
the model by a distribution of singularities adequately
represents an axisymmetrical body. Extrapolation of these
methods in the case of a half-wing at the wall has no ultimate
goal; it serves merely as a preliminary phase, to observe the
influence of wall shape in various sections of the wing, to
study the convergence of the method, and to make adjustments

(rotation of walls, incidence, etc.).
On the other hand, these experiments can serve as a basis

for calculating potential three-dimensional flow around the
model. Then, a three-dimensional object placed in the section

22



could be more elaborately schematicized; it would lead to
development, as for axisymmetrical bodies, of a method of
adaptation minimizing the influence of the walls on the model.

At present, it is difficult to know if the shape called
"adapted 3-D" is nearer to the values of unlimited atmosphere
than the shape "adapted 2-D," but it is definitely not the

optimum shape.

The tests will next be completed by directional limit layer
readings on the lateral wall at the level of the end of the
wing., The direction of the current lines in this area will be
an important element in the reality-calculation comparison.
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Figure 1

List of "AS 07 wing" tests

File AD4 ¢+ Divergent regctilinedr walls
AD445 : Idem + 30° rotation (upward)
AD~--~- H Test file No. ---
AD9---- ¢ 3-D calculation of new wall position
. B c » E
A File 5-“*‘4“*4?‘*9*7,?‘.440041 D L L R AT Y R PR Y e TS
# A LING, I PRANGEES ! FICHIER ! RQT, ! I NB. 4
® #FICHIERIAFF. lnH-H'nE PRISES!DE DEPART!PAROIS! ADAPT.!D!ITER.«
Rows of PP B A B B S P I YAy Y
Recorders « ADIES ! B! 7! 2% ! RAD4 ) 9 I NOM ) t %
= AD1Q7 ¢ B ! .5 ! . ! " R S S R S
. * ADIO3 ! 9 1 .3} . ! . R S N R R
CStarting # ADLLD 1 =2t (T ! . ! : T U N S
File # ADI1S ! @ 1 .7 ! » tOADA1RS ! 9 13-D <1d1 1 &
# ADILS | 3 1 T ! . I AD3LIS t 9 13-D (23! 1 4
# ADLI? ! 9 1 L5 ! . IOAD3AT L 9 1 3-D I &
# RDIL3 ¢ 91 L3 ) " ' AD3183 ! 9 13-D <1y 1 %
D wall # RDL13 ¢ 9 1 .3 ! . ! ADIL13 ! 9 13-D (2P 1 o«
Rot. # ADL2Y | +2 | .5 ! . ! AD4 | B I NON I 1
* agxgg !+1.g! 5! . ! aga4s 1397 1 NON Ot 1
# AD123 !+1.%5) .5 ! . t RDI122 ! 39° 1 3-D I 1 =
€ No. of # AD124 1+1.5¢ .7 ! " & AD44S t 3’ 1 NON | 1 &
iter. - # AD12S !+1.%! .7 ! . tORADI124 ! 39° 1 3-D ! 1 4
# AD126 !+1.%¢ .3 ! . ' AD44S 1 39* 1 NGN ! 1 4
# AD127 !+1.S! .3 ! . C ORADRLAS | 39 13-D Lyl L e
# AD123 !+1.,%1 .3 ! N booADI127 397 13-D (21 1+
# RD129 141,51 .3 ! . tAD9123 ! 39* 13-D (33t 1 &
# AD139 1+1,%1 .7 ! . ! RD$ ¢ @ 1 2-D | 4 #
# ADI3L 1+1,5! .5 ! . OADL3D r 9t 2-D ! 4 &
#RADI33 ! D 1 .3 ! . ! ADs ! @ 1 2-D I 4 &
+# AD134 ! B 1 .3 ! " 'ORDI33 ! 9 ! 2-D 1 4
# ADI3S ! B 1 T ! . I AD134 ! 9 ! 2-D ! 4 %
# AD136 ! 9 1 .5 ! “ I AD13S !t @ 1 2-D ! 4 %
# ADL37 1-9.5! .5 ! : ! RAD44S 1 39 1 NON 1 1 s
+ AD133 !-9.%5! .5 ! : { AD3137 ! 397 ¢+ 3-D ! 1 &
# AD139 !-9,5! .3 ! " I AD44S 1 3@ 1 HON t 1 =
+ ADL4d 1-9,5! .3 ! " !ORDIL39 ¢ 39 13-D (1! L %
* RD141 1-9,51 .3 ! . | AD314 ! 39’ 13-D (2 1 4
+ AD142 ! =2 1 .5 ! : ! AD4 I B L HAN 1L 4
# AD143 1 =2 | .5 ! : ! AD3L42 1 9 ! 3=D I 1
# AD144 | =2 1 .5 ! " bOADI3E L 9 1 2-D 1 4
+ AD14S 1 +2 1 .5 ! ' ORDI3L ', @ ! 2D 1 4
fmmmm——— R el R . R | m———me [ +
# ADI48 ! +2 1 5 ! 1 -4 | ADL4S ! 9 I 2-D ! & «
% AD147 1+1,51 .5 ! . I RD44S 1 39’ 1 NON ! 1
4 AD143 141,851 .6 ! ' ' AD9122 ¢ 39’ ! 3-D ! 1 ¢
# ADL4% + 9 1 .5 ! . ¢ RD136 ! 9 ot 2-D ! 4 4
#ADIS® | B ! .6 ! . ! AD4 ! @ L HON ! 1 #
# ADISL 1 Bt (5! . | AD91A7 ! 9 ! 3-D ! 1+
# AD1IS2 ! 9 1 ,3 ! N ! AD134 ! @ ! 2-D t 4 =
# ADIS3 ! B 1 .3 ! . tOCABY I B 1 NAN I 1 e
+ ADIS4 ¢+ 9 1 ,3 ! . £ ORD3LIZ3 L B 1 3-D 1 {4
# RDISS !t -2 1 .5 ! . t AD144 ¢ 3 1 2-D + 4 %
# ADISH | =2 1 5 ! " ! RD4 ! 3 1 HON ! 1 ¢
4 ADIS? | =2 1 .5 ! ! RD3142 ! @ ! 3-D + 1 4
- lemme | sovmml ccmm—— e | v o o IR LT 2 | wmme—- | —m—— -
+ADIS3 | =2 1 .5 ! 3 -5 ! RDI44 I D 1 2-D | 4+
+ AD1S3 | =2 1 .5 ! ' ! D4 ! 3 ! NOM ! %
# AD16D ! =2 1 .5 ! " tORDRI42 ! 9 1 3=D 1 1+
+ ADL6L t 9 1 5 ! . ' OADL3E ! 9 1 2<D I 4 #
« ADIS2 ' B 1 .5 ! " ! ADY L @ L ONON ! 1+
+ ADIE3 !+ B 1 .5 ! . ' ORAD3IYT ! @ 1 3-D ! 1
< ADIB4 ! 9 1 .3 I ADL34 ! 3 ' 2-D ! 4+ *
« ADLSS ¢ B 1 .3 ! : ! D4 0 9t NON I 1 %
+ ADI6S ! @ 1 .5 ! " { AD2113 ! 9 1 3-D ! -1«
# ADIST !+1,5! .5 ! ‘ t RD44S ! 39' & NON ! 1 #
# ADISS 1+1.%1 .5 ! : ! AD3122 ! 39* 1 3-D ! | <
* ADLEY | +2 1 .5 ! . bORDI4S 1 3 1 =D 1 4
-Q‘Q**‘oq,o-‘*—--00-o.-c—-q-q‘oqéﬁ*.’déq‘d‘éoq-.‘.‘—'.‘.‘.‘q’io’o‘"o’od—--q
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Figure 2

Rows of recorders : 1-4

[mmmmmmmm e — e e mee e — e e - . me o e ——————— .
| MNON ADAPTE i
| e e e ettt Dl R T ettt Dl bt 4
| Incidence { Mach |
LAl Sl DL D L frem————— Trm————— 4
| Affichee | Rerodynamigue | 0.6 ! 0.2 ! 0.8 |
e e Rl el f t

! +1.5 1| +*2 147 | l

b —————— R R dmmmcm—- Fommme e
! 0 | 0 150 ! I 1S3
ormmm—m————— S — S P dommm
| -2 | -2 156 | |
e de e i ]

| Shateabentiedh hubadndededei e fntndedesiadebedetedndek et e d i h
! ADAPTE 3-D |
brmmemeececem— e cam———— S 4
1 Incidence i . Mach [
brecm e D et S Trem————— Te—————- 4
] Affichee | Aerodynamique I 0.6 { 0.2 | 0.8 |
bommmmmm oo R U : !

1 +1.5 | +2 148 | |
bommmmmm e m 5 S ) S $ommmmmm TR
| g 1 0 151 | I 154

R R L T LD EE LR Rttt et et e et
i -2 { -2 152 | !

| A e o = e am - —— 1 1

[ Sntadesheteieted bbbttt ettt ddesaa et et h
| ADAPTE 2-D !
bommmmm———————— mmmmmam—aae femmmdom————— mmmmm————— 4
| Incidence | Mach |
R Sttt bt e ittt bbbl oo T ————— Tom————- .|
! Affichee | Rerodynamique { ¢.6 | 0.7 1 0.8 |
R s $romm e { t

] +2 | —-——— 196 | l
bommmm————— WGP S, TR dommmmm ]
! 0 | -—- 143 1| I 152
bormm——n———— dommmmccc————— Y NS PR, e m s
| -2 | - 155 | 1
S 1 I

Affichee = Displayed
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Figure 3

Rows of recorders : 2-5
pm——— > D D R WS D " A D W - an - - - - - LY
1 NON QDQPTE {
jommer——ccmccccccer—a—————— e e cresmem—————————— 4
1 Incidence | Mach !
b= b Sutndededebindt """‘- ''''''' | Sabaindudedaded Sdudud bl 4
| Affichee | ﬂercdynamzque { 0.6 y 0.7 { 0.8 |
prmom e ——— drrmmrm e e ! 4
| | *2.17 121 1 |
i +2 beccoccmmccccccedcm e m—aa, P bomemmaa]
| { +2 120 | !
oo emm———— S } QU bommmmm cdmmmmme ;
i «1.5 | +2 122 + 1249 | 128
bomcmceeaan § QSR SpE SSp— S SR F T 1
1 0 1 ] 107 1+ 105 + 108
\ | 109 | 1 132
formmo————— b mr e ————— A . domcmeed
| -0.5 | 0 137 | | 138
R D e T R ittt D b :
! -2 1 -2 142 1 110 |
| . B PR S U L )
.......................................................... 1
ADAPTE 3-D !
T qemmmmmmmmmemmmeemm—————————— 4
Incidence ! Mach |
[ R L e e it Tememm————— 1
Affiches | ﬂerodynamzque I 0.6 | 8.7 ] 0.8 |
bemeemcoman dommmm e - .
! | 1 127(1)
+1.5 | +2 123 | 125 1 128(2)
i 1 1 123(3)
b ————— b ———— § $omamm ———— N S 1
0 1 0 117 t 115¢1) 1 118(1l)
| f 116¢2) t 118(2)
[ e Dt EE T PRSP R Y S S etttk
-0.5 | ] 138 | Y i 140(1)
| { 1 141(2)»
bormmm—mmae $ommmmmcem e S § I ¥ PRI
-2 ! -2 143 | 1
levmcmcceae decmcccemcm—ea —— i !
[ v s e o O WD - - > - - - - - ~
[ ADAPTE 2-D {
S S S e ——mmmeemeeo 1
] Incidence { Mach |
[ kit T mman———o e —-—-—— T ww-- P ————— 4
| Affichee | Aerodyrnamique | 0.6 ! 0.7 ! 0.8 |
| ettt Lt b DL DL EL L LT + }
! +2 | ——— 145 | |
beemreeemm e R T T S dommmea ﬂ
| +1.5 | ——— 131 | 130 i
R ittt R e R e i 4
4 0 1 -——— 136 { 135 | 134
| WU U S I S T b=
| -2 1 - 144 | 1
| S, B | |
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Rows of recorders : 3-6
P T e e e e . e e e - e e--— 1
| NON ADAPTE |
[ et L D s - T - D - W - - oo 4
t Incidence | Mach |
e m e B T L domrmma LT B Ry |
! Affichee | Aerodynamique { 0.6 0.7 0.8 |
[ e & t
( +1.5 | +«2 167 | t
SR F S e e dommmmee F PR ——
1 0 | 0 182 | | 165
prcomomeeaa R S U SR, ¥ SR —
i -2 { -2 159 | |
| B 1 I
[ o 4 e e e o e 0 9B e o e ot e o -
] . ADAPTE 3-D |
S S 4
} Incidence | Mach i
b mm e T P —— T R — pommm——- gm————— 4
! Affichee | Rerodynamique | 0.6 | 0.2 1 0.8 |
| o e e bttt L + -
I +1.5 | +2 163 | |
| AP PR e demmceca- domcamae—d
1 0 1 0 163 i | 168
bmmmmmmeeee RSP . N SR R :
1 -2 { -2 180 | [
e m e ———— i 1 1
B T T T e e mmoa = bl
{ ADAPTE 2-D
bmeeememe e e oo eae R 4
I Incidence l Mach t
[ T b Sadabadad et ——————— lemmn e Pomm———— Tom———— 4
! Affiches | Aerodynamique { 0.6 | 0.7 { 0.8 |
boemm e L D —————— } -
| +2 [ —-—— 169 | | '
S e T Y R, ¥ P, ]
! 0 ! - 161 | I 184
bommmmmmm e ¥ " e e e . dommee
| -2 | -— 1s8 | 1
| B 1 1

Affichee = Displayed

Figure 4
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Figure 5

Presentation of mounting
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WING MOUNTING

FIGURES 5 TO 13
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Figure 8

Equipment of adaptable cryogenic walls: specs of
pressure recorders, jacks, and thermocouples

Wall pressure recorders Jacks
; WPH  ¥PB 2P 1 %PH “F3 P I
. -312.5 -§12.5 2.3 43 260,08 2£0.8 0.9 { ~7a%.9
5 =-727.5 =-787.3 -29.9 S8 299.9 299.9 -29.9 2 =~575.3
3 -747.3 -747.3 26.9 51 3Z9.8  320.9 20.9 3 =430.4
4 -v22.5 -722.3 -22.9 52 39,0 &39.9 -29.8 4 -255.8
5 =5%2.9 -632.5 29.49 o3 417.3 417.3 -23.8 S =-&7S5.9
6 ‘66?-5 '66?.5 ‘39-‘3 54 442!5 44205 EB-B s "215-6
7 -§30.9 -538.8 -28.9 S5 4£7.5 47,5 -24.9 7 -155.9
3 =-592.5 =592.3 ¢8.9 56 492,93 432,5 29.9 3 -53.9
3 =-567.5 =587.3 -29.8 S7 517.5 S17.5 -29.9 ? ~35.9
19 ~-338.8 -538.48 -28.8 3 542.5 5%2.5 29.9 19 25.93
11 "492:5 -49205 33-[’] 59 "63803 -6313.3 2‘3.0 11 85-8
12 -457.5 =~467.3 -20.8 68 -520.,8 -539.0 2R.9 12, 145.8
13 -442.5 -442.5 28.9 61 2e0.9 359.8 28.9 13 zu3S5.9
14 -417.5 =417.95 -208.90 62 =-735.8 =-735.9 -133.8 14 285.0
15 =332.5 =392.5 28.49 €3 =-S29,8 -520.8 -133.8 15 399.9
15 =3€7.5 =367.5 -20.9 64 -330,3 -329.8 -133.9 15 Ta5.8
17 =-2328.8 -2308.9 20.9 £ -299.8 -~Z99.8 -133.9
13 ~-279.0 -298.9 -20.9 €5 =-199,9 ~1p3,8 -123.9
13 "35809 ‘369.3 2809 6? -4G'B -4808 -13316
29 -238.8 -230.9 -28.9 53 8.0 2.9 -123.89
zt -298.8 -23908.0 29.9 63 43,8 42,3 =-133.9 THERM.
22 -i7e8.8 -178.0 -28.9 73 160.0 100.8 -123.9 FREREF
23 -145.8 -145.9 299 71 200.9 289.0 -~133.9
4 ~120.,8 -128.9 -z8.8 72 2z8.9 328.9 ~133.
Z5 =-168.9 -180.0 20.9 73 530.9 370.9 ~133.0 1 WTH
¢ -35.8 -35.0 -20.48 74 =-735,8 -735.0 123.9
27 -78.9 -70.08 29.9 75 =-£280.8 -£23,0 123.8 8 -7v3V.0
23 -35.8 -85, -28.8 78 -339.8 -529.0 133.9 7 2.3
29 -48.8 -40.9 29.9 77 -428.,8 -4208.80 123,19 9 $79.8
29 -30.8 -30.89 -28.9 T8 =328.8 -328.,9 133.9
23 -19.86 -18.0 -20.8 29 =-3692,8 -2830.9 133,98
23 2.8 2.0 20.08 31 -145.8 -1345.0 123.8 6 -¥37.0
o4 1.9 1.8 -28.8 32 -lud.,0 -1803.8 132.9 4 =-427.3
33 28.9 20.9 28.8 23 -73.8 -72.9 133.0" 2 -1392.9
§2 20.9 38.9 -2@.3 34 ~40,04 -48,8 . 132.8 1 3.9
g; 3.8 48.9 2e.9 3? ~20.9 -28.9 123.9 3 172.9
';"J 55.3 55-9 -380‘3 8'3 al a' 9.9 133-‘3 s 4??'0
33 78.8 79.0 28.9 87 £0.9 29.9 1232.98
49 7’8.8 78.8 -28.9 83 40.0 43,0 133.9
41 1.3 91.3 20.8 39 78.9 ’0.08 133.9
43 138.08 108.8 -28.8 94 169,0 162,83 123.8
3 123.9 120.8 2p.8 91 139,89 132.3 122.9
4 138.8 128.8 -28.8 g2 209.9 209.8 123.0
is 151.3 151.3 2.9 $3 258.8 8.9 133.9
36 178.08 1706.0 -28.8 34 328,98 329.9 133.9
?7 200.8 200.0 20.8 95 428,08 428,08 133.9
%3  238.9 220.98 ~-28.8 96 538.8 S39.0 132.0
XPH~XPB-XV-XTH~-XTB IN MM/AXIS PORTHOLE Z in mm/section axis
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Figure 9

Pressure recorder specifications - lateral walls {(mm)
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Figure 10

Diagram of the wing
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o wy

Specifications of the AS 07 wing

! I  B.A. | B.F. | i
§ Y | X | X | corde |
R [ [ [N |—mmmme e !
3 | Emplanture | 0 | 0 | 148,112 | 148,112 |
fommemmoean—— |omemm e PN—— N fomem e !
¢! ranges 1 | 7,56 | 4,46 | 147,62 | 143,16 |
|ommammmm——an - [emmccanea RN fommmmaana !
| rangee 2 | 30,34 | 17,88 | 146,12 | 128,24 |
|ommmmmm— e [P foommememe fommmaena . |
| tangee 3 | 60,40 | 35,6 | 144,15 | 108,55 |
T fomomm e IR [mommemman fomemmeeee !
| rupture | 75,227 | 44,335 | 143,18 | 98,845 |
fosmmemcmmceae A A |mommcam—— |mmcncen—e |
| rangee 4 | 104,301 | 61,47 | 153,61 | 92,14 |
|emmmmmene - lmmmmmmmee | oo mmaea fomonmanan A, |
| rangee 5 | 196,41 | 115,75 | 186,66 | 20,91 |
fommmeacemem [P [P ORI . -
| rangee 6 | 279,87 | 164,34 | 216,60 | 51,66 |
fomommemacmae [P, |ecsmcmana feommmanan fommmomee !
D ! Saumon | 309,60 1 182,464 | 227,264 | 44,80 |
§ o o et o s > e = " > - - . - " - e mm = s AR - A% W - - [}
chord
root
row
tip

Figure 11

(ram)
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Figure 12

Position of pressure recorders for each section
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Figure 13

Specifications of pressure recorders on "Airbus" AS07 wing
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CONTROL TESTS
Wall incidence and rotation:
Convergence of iterations:

Non/2-D/3-D comparison:

Figures 14 to 16
Figures 17 to 20

Figures 21 to 23

44



HEOOmWw

Key to figures 14, 15,

and 16

Non-adapted

Wall shapes

Row

Upper wall

Lower wall

Central rows of pressure recorders
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Figure 17

First case
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Figure 18

Second case

M=08

- °
A Formes des parvis . : 0 Q)

) :::. Convergence 3.0

™ Rotation 30’

XP

N o— AD 126 (0)
PN — . —.- AD 127 (1)
b3

C. ~ \\\ + . AD 128 (2)
Rangée ® ™\ \ " —— AD 129 (3)
: \ \ - AD9129 (4)

Wall shapes
Row

50



Figure 19
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Figure 20
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Key to figures 21 and 22

Wall shapes
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Upper wall

Lower wall

Central rows of pressure recorders

53



.

7o

MACH

Figure

Non/2-D/3-D comparison
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Non/2-D/3-D comparison
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Figure 23

Non/2-D/3~-D comparison
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VISUALIZATION OF CURRENT LINES

ON THE LEFT LATERAL WALL

Mo = 0.6 oL = +2° Non-adapted Figure 24
Mo = 0.6 oL = +2° 2-D Figure 25
Mo = 0.6 ot = =2° Non-adapted Figure 26
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Left lateral door visualization &= +2°

M

Figure

0.6 non-adapted

24
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Figure 25

[illegible]
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Figure 26

Left lateral door visualization &= -2° M = 0.6 non-adapted
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Use of four base cases
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Use of

"Sans rotation"
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Figure

Use of the four base cases - Wall shape
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Key to Figures 29, 30,

A - Left lateral row
B - Central row
C - Right lateral row

and 32:

64



Figure 29

Use of the four base cases - Mach of adaptable walls
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Figure 30

Use of the four base cases - Mach of adaptable walls
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Use of the

Figure 31

four base cases - Mach of adaptable walls
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Figure 32

Use of the four base cases - Mach of adaptable walls
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Key to Figures 33,

A - Vertical rows
o upstream
____ middle
. downstream

B - Horizontal rows

o upper
middle
. lower

34’

35,

and 36:
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Figure 33

Use of the four base cases - Mach of lateral walls
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Figure 34

Use of the four base cases - Mach of lateral walls
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Figure 35

Use of the four base cases - Mach of lateral walls
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Figure 36

Use of the four base cases - Mach of lateral walls
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Figure 37

Use of the four base cases - Kp
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Figure 38

Use of the four base cases - Kp
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Figure 39

Use of the four base cases - Kp
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Use of the four base cases - Kp
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Use of the four base cases - Kp
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Figure 42

Use of the four base cases - Kp
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Use of the four base cases - Kp
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Use of the four base cases - Kp
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Figure 45

Use of the four base cases - Cz
Cz recapitulative
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Figure 46

Use of the four base cases - Cz
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Figure 47

Use of the four base cases - Cz

006 0,8 A = 00

o [ e [non adapté

A | 4 | adapté 2_D

o | = | adapté 3_p

J Cz local
0,51
0,4
0,3
0,2
0,1
A B Y
Aile interne | Aile externe (cm)
0 1 L d..] -
0 10 20 30
Key
A - Internal wing
B - External wing
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Figure 48

Use of the four base cases - Cz
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(cm) o non adapté
5 L + adapté 2D
x adapté 3.D

]

0 10 20 30

Key
A -~ Internal wing

B - External wing
C ~ Cz x chord
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Figure 49

Use of the four base cases - Cz

06108 a=0°
o | e |non adapté

A | o | adapté 2.D

: Aszcorde o| = Odupgé 3.0
5 (cm)
4 |
3
2

‘l .

A
0 Aile interne ' Aile externe | Y(cm)
0 10 20 30
Key

A ~ Internal wing
B -~ External wing
C « Cz x chord
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Use of the four base cases -

Figure 50

Cz

A
06 IECZ aile 0‘61£Cz Ate ,
o non adapté o non adapté /
05 + adapté2.D 0‘5 i + adapté 2_D .
T » adapté 3.0 / x adapté 3_D /
04 M= 0,6 -/ 04 |
03} 031 M=08
02} 0,2 L
o.—. M=06(TN)
o —. M=0,47(T.D.7%)
0,1 . 0,1 5 B campagne Mars 1977
° °
O i e A (xl o O | i an o
A 2 0 2 4 -4 =2 0 2 4

Key

A - Wing
B - March 1977 series
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Rey

Fichier
Rangee
Corde

it

File
Row
Chord

Listing of Cz

Annex 1
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s4#%+FICHIER
# RAMGEE ¢ 2
% RAMGEE ¢ S

ferEEEbRer

#s%%+FICHIER
# RAMGEE : 2
# RAMGEE ¢ S

FRERREFERE

*#%%*FICHIER
# RAMGEE ¢ 2
# RAMGEE : S
FEEPREFRES

+#2%¢FICHIER
# RAMGEE : 2
# RRHMGEE ¢ 5

FEREECEEERR

##4#+FICHIER
# FAMGEE ¢ 2
# RRHGEE ¢ 3

ShEERETEEE

*#%%%FICHIER
# FRAMGEE @ 2
% RAMGEE ¢ S

FHRERERLEES

#5e%+FICHIER
# RHHGEE ¢ 2
% RAMGEE ¢ S

FELpEERES

##+%%FICHIER
# RANGEE § 2
# RAHGEE : S

EHEFETLEEE

#4%%2+FICHIER
# RRAMGEE ¢ 2
% RAMGEE * S
Fhepeetes

#x8x#FICHIER
# FRAMGEE ¢ 2
« RRAHGEE ¢ S

LI XS E T ]

ssx22FICHIER
# FANGEE ¢ 2
# RAMGEE ¢ S

X FT T Y I

= 2,310E-91
- 2. 7‘9@E-gl

R 1S4E 51

«
|

I
o}
—

[ N Xux]
NN O

ES
fa 02 &

AD11G w=xxx
5. 315E-02
= 3, HW3IVE-BE

Do N ]
e T

oo

30 .‘“ :IE-él
5.132E-091

= 782 INCIDEMCE = ©.89

CORDE#CZ= 2.953E+81
CORDE#C2= 1.97BE+8!

= ,399% IMCIDEMCE = 9.89

CORDE#CZ= 2.753E+01
CORDE#CZ= 1.6567E+D1

= ,341 IHI
CORIE#CZ= 3.254E+21
CORDE#CZI= 2.942E+81

= . 5 I I :
CORDE#CI= §
7z 2

I
CORDE#EZ= 2.:

i
BY2E+D9
S30E+00

= .702  IMCIDEWCE = @.89

CORDE#CZ= 2,645E+21
CORDE#CZ= 1.STRE+E]

= ., 7E1 IMCIDENCE = @,
CORDE=CI= 2.829E+81
CORDE#CZ= 1.E10E+01

= 958 IMCIDEHCE = B,
CORDE+CI= 2.5435E+41
CORIE#CZ= 1.3%Q0E+3!

= L E30S IHIIDEH:E = g,
CIORTIE *¢ 2.855E+31
IUPUE*C: 1.327E+01

= 505 INCIDEMZE = 8.
CORDE#LI= 2.729E+81
CORDE#CZ= 2.823E+11

= 5493 IMCIDEMCE = 2
CORDE#CZ= 4,87VEE+D1
CORDE#CZ= 3.£35E+A1

= ,E63 IMCIDENGZE
CORDE#CZ= 4, BV SE+E
CORDE#CZ= 3.E83E+

Doy =]
— e {1l

1

HCIDEMCE = 9,99

EMCE =-2.89

!

X

2.88



#ex#*FICHIER -

% RAMGEE ¢ 2
% RAMGEE ¢ &

CEPPERELEE

s##44F ICHIER
+ RANGEE ¢ 2
# RAMGEE 1 5
BERERRERES

####4FICHIER
# RANGEE * 2
* RPAMGEE ¢ S
FHEPSEERPES

*%x22FICHIER
% RAMGEE @ 2
% FAMGEE ¢ 5

FELEELIEES

#x224FICHIER
# FKRHGEE ¢ 2
# RAMGEE ¢ §

SEELELEREE

#2554 FICHIER
% RAMZEE 3 2
% FAMGEE ¢ S

BREEXROREEESR

##4%%FICHIER
# FAMGEE ¢ 2
# RAHGEE 3 S

FREERSGRELE

#%52<FICHIER
# RRMGEE ¢ 2
# RAMGEE ¢ S

FREFRSEREE

"xxxs+FICHIER
# FAMGEE ¢ 2
# FAMGEE ¢ §

FRERRLEESE

+%222FICHIER
# FEAMGEE & 2
* FRHGEE ¢ §

GEPREEZRER

#4+%#%FICHIER
# PAMGEE : 2
# FRAMGEE ¢ 5

SEEREFREESE

AD123 #%#%
CcZ=
LZ=

3.229E-91
4,127 E'Bl

AD124 #&%4%
cZ=
£Z=

MACH
4.B71E-01
6.183E-81

AD125 ##%% MACH
CZ= 3.361E-01
CZ2= 4,738E-91

AD13E #&%#
£Z=
C2=

MACH
S.213E-01
7.334E-81

RD1Z7 #%%% MACH
CZ= 2.732E-al
7ela3E-01

[ N w
NI
([}

RD128 %%%% MACH

CZ= 4.118E-81
L2= 7.321e~-01

AD129 #%%% MACH
L= :BQ'B?F.E_‘BI
£2= 7.43SE-81

RD13G #%#% MACH
£2= 2.4%1E-81
C2= 4,336E-01

AD131 #=%% MACH
£2= 3.2109E-61
CZ= 4,166E-B1

AD13S ####
£2= 2.334E-01
C2= 2.792E-91

MACH =

MACH =

. 5538
CORDE#CI= 4. 141E+01
PDPDE#C:= 2.726E+831

= 783 IHNCIDEMCE =
CORDE#CI= 5.231E+9!
CORDE#CZ= 4,327E+831

= ,783 INCIDENCE =
CORDE#CZ= 4.210E+9}
CORDE#CZ2= 3.353E+81

= 6.,E37E+R]
= 5.242E+81

= , 3085 IMCIDENCE =
CORDE#CZ= 4,353E+81
CORDE#CZ= S.@38E+3!

IMCILDENLCE =
2= S.EV3EE+81
*CE= S.3I3E+01

= 288 IMCIDENCE
COFDE*L_- S.131E+
LORDE#CZ= STCE+D

S-—f&.

= 787  IMCIDENGCE =
CORDE#CZ= 4.477E+a1
CORDE#CZ= 3.542E+31

= .6‘2‘2
CORDE=CI=
CORDE#CZs

IHCIDEHCE =
4,117E+0D1
2.354E+91

= 203 IMCIDEMZE =
CORDE*CZI= 3.E17E+01
CORDE=CZ= 2.712E+81

. 7R2 INCIDENCE =
CORDE#CZ= 3.0953E+H1
CORDE#CZ= 1.95cE+A1

IHCIDEHCE = ;

IMCIDENGE =

)
1

2.69

2.08

2.84

n
[\
[ex]

38

=3

I
[
o

1ISB

.88

a.03

Sﬁ(l)

HON

D¢y,

HON

30D

3D2)
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,.*aﬁFICHIER
+ RANGEE 3 2
* RHHC‘EE : 5
QQbfé{****
+++#3FICHIER

s RANGEE : 2
s PANGEE ® 3

PEEREEERES

sx+#4FICHIER
% RAMGEE : 2
# RAHGEE ¢ S

FEEELERESS

sx##*#FICHIER
s+ RAMGEE ¢ 2
% RAMGEE : S

FREELRERES

sex3#FICHIER
# RAMGEE ¢ 2
# RAMGEE ¢ S

PEEELRERES

#2%#¢FICHIER
# FAMGEE ¢ 2
# FAMGEE ¢ S

#ERREFEEEERL

#s232FICHIER
# RANGEE @ 2
# RAMGEE ¢ S

CEELRERP S

##453#FICHIER
# RAMGEE : 2
% RAMGEE ¢ S

EXEpEEERES

#5%3#FICHIER
# RRMGEE : 2
# RAMGEE ¢ S
SRR REFRER

*22%%FICHIER
# RANGEE : 2
¥ RANGEE ¢ 5
RRCRUBERESR

#xx2¢FICHIER
* RAMGEE @ 1
% RAMGEE : 4

FEEEEEEEES

c2= 9
C2= 2.33

RD137 ##%% MHACH
CZ= ‘._PBE 81
CZ= 2.451E-81

AD1339 =#++ MACH
CZ= 2,p2cE~21
C2= 4,513E-61

AD149 #<#+  MACH
C2= 2,BeTE-AI
CZ= 2.543E-81

AL141] *#%%  MACH
L2= 2,222E-61
N2= 2.391E-91

RD142 #x¢%  MACH
CcZ= 35.,87V3E-92
£2= S.e11E-82

AD143 ###£% MACH
2= 7.99E-22
CZ= 4,53%E~-82

AD144 =x%% MACH
CZ= 3.13%E-92
C2= ¢4,33%5E-82

ADL4S ##x% MACH

£2= 3.537E-0!
CZ= 4,943E-01

AD146 ###% MACH
CZ2= 3,485E-91
CZ2= 4.715E-81

= 9% INCIDENCE = 9.9
CORDE#*(CZa 2.819E+11
CORDE#(CZ= 1.657E+91

= 598 INCIDENCE = 3.88
CORDE#(Z= 2.833E+01
CORDE#CZ= 1.733E+0!

= 539 INCIDENCE = 9,68
|UPDE‘h¢- 2-#?8E+91
CORDE=C2= 1.335E+81

= ,3204 INCIDENCE = 2,09
CORDE=#CZ= 3.445E+01
CORDE#CZ= 3.139E+81

= ,3804 HCIDENCE = 13,849
CUPDE'C: 2.5651E+91
CORDE#CZ= 1.876E+A1

= 554 IMCIDENCE = 8.69
CORDE#CT= 2,350E+41
CORDE#LZ= 2,128E+B1

= 993 IMCIDEMCE ==-2.,883
CORDE#CZ= 1. 133E+91
CORDE#CZ= 3.97V3E+49

= ,53:5 IMCIDEMCZE =-2,88

CORDE#CZ= |, 025E+91¢
CORDE*#CZ= 3,443E+29

= 595
CORDE*C:
CORDESC

MCIDEMCE ==
1. 050E+a1
3.116E+RQ

I 2.049

-
[
-
¢
[

= ,5%8 IMCIDEMNZE = 2,09
CORDE#CZ= 4,.7V23%3E+81
CORDE#CZ= 3,593E+01

= .S34  INCIDEMCE = 2.8
CORDE#CZ=2 4.572E+01
CORDE#CZ= 4.344E+D1

o
=

MM

3001

MoK

)L W)

MOH

200

[ RN
[ ]
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##5#+FICHIER ¢ AD147 ###* MACH = ,3%3  INCIDEMCE = 2.49 hp,
# RRNGEE ¢ 1 CZ= 3,608E~-31 CORDE#CZ= S,151E+91

%+ BAMGEE : 4 C2= 4,740E-01 DDRDE*C" 4.357E+91

LR T X LY LX)

#+5x#FICHIER ¢ AD148 ###+ MACH = ,594 THCIDEWCE = 2,89 31,
% RANGEE : CZ= 3,927E-91 CUORDE#0Z= 4,332E+91 o
% RAMNGEE : 4 C2= 3.261E-01 CORDE#CZ= 3.55T7E+Q)

REEREFREFR

#x4x%FICHIER RD143 =#%% MACH = ,S594 IHCIDENDE = 3,89 2]
* RANGEE ¢ 1 2= 1,%35E-81 CORDE*CZ= S55E+B1

% RANGEE : 4 2= 2.41%E-81 CORDE=CZI= _.-_8E+81
SELREbETRE

##4%%FJCHIER ¢ RD1SH #%x% MACH = ,535 THCIDENCE = 8.88  HON
% RANGEE ¢ 1 C2= 2.821E-41 CORIE*CZ= 2,973E+01

# RAMNGEE : 4 CZ2= 2,412E-91 CORDE*CZ= 2., 223E+81
LT T L 2L 28

##2#*FICHIER ¢ HAI1S1 ##%% MARCH = ,594 IHCIDEHCE a.99 30
# RAMGEE : 1 C3= 1,285E-B1 CORDE#LZ= 2,883E+91

% RAMGSEE ¢ 4 C2= 2.AVEE-A1 CORDE*CZI= 1,%13E+31

LI 222X Y32 ]

#%%%+FICHIER ¢ RD1IS2 #*#% MACH = ,282 IHCIDEMCE = 9.08 2D
# RAHGEE : 1 2= 2.253E-91 LHPDE*L_‘ 2.225E+AY

* FAMGEE : 4 £2= 3.341E-901 CORDE=CZ= 3.878E+91

FHRERREEREE

AD133 ###% MACH = ,363 INCIDENCE = B.089 HON

sase:FICHIER ¢

* FAHGEE ¢ 1 C2= 2.400E-91 CORDE=#CZ=s 3,434E+61

¥ FAMGEE ¢ 4 C2= 2, VS3E-81- CORIE=*CZ= 3.45BE+01
LT T T X T )

###2«FICHIER ¢ RD15S4 **** MACH = 283 IMCIDENCE = 3.88 3D
* FRNGEE ¢ 1 C2= 2.8934E-a1 CORDE*CZ= 2,.311E+41

% RAMGEE ¢ 4 C2= 2.826E-01 CORDE*CZ= 2.735E+91
rhReREeghee

####%FICHIER ¢ RDISS #+#% MRCH = ,5395 IMCILEHIE =-2.88 2D
# RANGEE ¢ 1 C3= B, 214E-02 COIRDE=CZ= 2,751E+08

# RANGEE : 4 C2= £, 321E-82 CORDE#CI= 5,324E+88

BERERLLRER

#¢+##FJCHIER ¢ RD1T5 ###% MHACH = ,5%5 [HCIDEWCE =-2.00 HNON
% RANGEE : 1§ 2= 7.920E-D2 CORDE=#CIZ= 1, 142E+41

% RRAMGEE ¢ 4 CZ= 5,854E-22 CORDE#CI= €.131E+80

EREEEEEEEE

#%+#4FICHIER ¢ ADLIS? ##%« MACH = , 595 INCIDENCE ==-2.08 3D(1)

*
??'E"92 CORDE#CZ2= 9,836E+80
o]

* FANGEE : 1 C 4
c JESE~-B2 CORDE#CZ= $,583E+00

# FEAHGEE : 4

BESEEFLRES

[0 U\
- -



zesxsF [CHIER
# RRAMGEE ¢ 3
# FAMGEE ¢ B

SHERETRERES

s#xx*FICHIER
# RAMGEE ¢ 3
# RAMGEE ¢ €&

SREXEERRES

#*##%%FICHIER
* RAHGEE ¢ 3
* RAMGEE ¢ 6

SEEEREREEE

#xexsFICHIER
# FRHGEE @ 3
# RRAHGEE @ &

SREPREPRFEE

$#3%*FICHIER
# FAHGEE ¢ 3
# RRMGEE : 8

FEFEELEEES

e FICHIER @

# RAMGEE : 3
# RAMGEE @ &

GHEREFRLFFLS

###xxFICHIER
# FAHGEE ¢ 3
* RERMGEE ¢ 5

FhEEBEEEER

##x%*FICHIER
# RAMGEE : 3
# RHHGEE ¢ £

FRpLeEreeS

sx32x%FICHIER
% RRMGEE ¢ 3
% RAMGEE ¢ »

FEEFELRELE

#%x%#FJCHIER @

# RANGEE ¢ 3
# FERHGEE @ ©

EEEREHSEES

#+xx<FICHIER @

*# RAMGEE @ 3
* RAMGEE ¢ 6

FREFLLBESE

##%#:4FICHIER 3

# RAMGEE ¢ 3
# RAHGEE ¢ &

ERLRSBEEES

HDIEB ****

l.»l 'I

-
—

- T

mm
t 1
Dl v

0y ~-)

[}
—

+

Lol £V 2 o
$

LY R I 3

oL -
Celb —

Py

I

-
.4

C3 T

4 -4 PO

([ 1]
™

[

)

— s T

=)
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Il
*

Ll O
E

T fe
La s
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X
—
i
1
S
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4 13 0
Hwn
1

[

[
—
3

iR 4
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I
i
DN Y I 5
XN
- —a T

D)

I
Lo ]
—

e
£
C

Ul

= ,53%5 INCIDEMCE =-2,80
CORDE=#CZ= 1,.03pE+a)
CORDE#CZ2= 1, QF7RE+GD

THCIDENCE =-2,89
#*C2= 1., 074E+01
*CZ= {.20BE+99

S
F”ﬂai

LDR

= .59 IMCIDENCE =-2.099
CORDE#CZ= 1.02Z5E+D1
CORDE#CI= 3,393E-81

= 597 IMCIDEMCE =
CORDE#CE= 2.734E+81
CORDE«#CE= 9,%45E+04

[}
-

(X}
[

= -593 I'C B-BB
CORDE*CE= 2
= 1

CORDE#CEZ

IDENCE = 9,89
CORIE#CZ= 2. :

= 398 IH
= £
CORDE#CZ= 3.3508E+19

,_
D)
-
L
-~
1

I
EDFIE*F“=
CORDE#CZ=

= 248 I iC
EDPIE o= 3.:4oE+B
CORDE#CZ= 2

= ,563 I
CORIE«CC=
CORLE#CI=

[}
Cl
LR
=
m.
¥
o
103
HIIH

. 589 IHLIDEHIE = 2,89
CORDE#CI= 4,B74E+91
RDE#CZI= 1.a¢9E+Bl

= ,599 INCIDEHCE = 2,00
CORDE#CZ= 4,500E+a1
CORDE#CZ= 2,195E+81¢



Listing of Adaptable Wall Shapes
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Listing of adaptable wall shapes (rows 2-5)

| AIAPT.: FORME : MACH : IHBIDEHEE—i
! : DEFART TR N P

! HON i AD44S 122 :

I 2-D t 145 1 : +z |
| 3D i ADRIZE 5 123 : ;
| MON t AD4 AD4 ¢ 167t los: |
! E_;'"Il LI ] 134 ] !
| 3-1 1ADA1S7 AIRLIE: 117 : 103 1 !
| ———— o e e fommcemmmmem :
| NOW & FD4 to142 : !
I g-D D144 : -2 !
L 3=D 3 ADS14Z to143 e : [

Forme depart = Beginning shape

94



File: AD1l36 File: AaDl34
Lines of current (mm) Lines of current (mm)
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R i : 4 " Nemene

!
1
|
]
1
I
1
b
'
[}
1
'
1
'
!
!
]
1
}
'
1
'
]
1
1
1
t
'
§
'
1
'
1
1
36 ¢
!
1
1
|
1
¢
1
'
i
|
]
1
!
t
|
'
t
I
1
t
|
!
1
'
1
!
!
I
|
]
'
'
t
[
'

fae
Y}
ot
t
1

high



Rey:

File:

AD144

Lines of current (mm)

Haut
Bas

12 L.C.Haur!Z L.0

L] Abse .
wesrloveascdans jecnavmacentonrnne
1 -¥00. 1 v,
~754

=71t

POMB YNV AU CERJOR S W -

Y R Ry T L 2T T T I\ e

R R R I I N N R B R S N I B B B R BN

e 0 bt e 0 e 03D RO RO RS 0 R0 03 D B2 15 1T I D 1D B NS S BRI D B 0D KD e e b e B b B e 0 e g e
. . e e e e TS 3

3
a

[
.

PR R N N S R S R N S R N B A R B B RS IR S S R R R I3

high
low

File:

EL R T W ICTRE ]

1 Abse. 12 L.C.Kaut!1Z L.77. was |
lecermmcmentoancarencelaoan
1 =900 6.00 ¢
«734 .12
=711 .29
~670 ]
~wil .Sl
-592 5%
-556 RT)

A
.7 i
.4 )
] )
4 [
5 [
.3 '
v Ll
0 0
.5 - ’
4229 b.enw
~334.7 [ 33 L.ue
-371.2 ve 1.4
~345.¢0 Eel 1.42 ¢t
-319.9 20 L.sw 1
-295.9 42 1.y ¥
-273.0 62 1.4%
«251.2 L3 Lot
-230.3 o8 1% '
«210.3 4?7 [T
-131.2 3 1.75
~174.4 .97 IS T
«199.3 g ] 13
-14%.% 1 17 Loed
~132.3 vt 1.8
~i20.9 11 1 94
-109.7 n Lwa }
~5%9 .08 82 1wt
«29.89 41 IR
-79 .49 31 Ly |
-89 5y 60 2.0
-5}.39 (3 2.45
2. '
2. '
2.
2.
2
2

g B U U SO
R N T N N N N N O P N A T R A A N N N N N N N N T e N N
)

-
®

AD145
Lines of current (mm)
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Fichier : fAD142
Cotes des parois (mm)

!N Abzc. 12 Pl.Haut iZ Pl.Bas | hd" 006
P lemommen—a- R T fomoocmmeam 1 - 0
I 11 -705.0 | 24 1 -.34 | X =-2
I 21 -57%5.0 | .68 | -.72 |
1 31 -460.3 1 1.13 i -1.00 |
i 41t =355.0 | 1.4% | -1.42 |
IS 1 =275.0 | 1.8% { -1.70 I
! 61 -215.0 | 1.76 | -1.87 1.
I 21 =185.9 i 1.98 i -2.11
1 81 =-95.02 | 2.29 | -2.13 ,
I 91 -35.02 | 2.41 1\ -2.40 | Non adapte
110 24.93 | 2.45 -2.64 |
)1l 34 93 1 2.52 | -2.82 1t
112 1 144.93 | 2.22 1 -2.83 |
I 13 t+ 204.33 | 3.97 | -3.08 1
114+ 284.%3 | 3.1 ! -3.23 |
i 15 1 339.¢3 ! 3.43 ! -3.62 !
i 15+ S24 32 3.0% -3.493 |
] 1 ' ) i
Fichier @ RDl44 Tichier : BDLl43

fo%es d=2s parois (mm) Cotes ces parois (mm?
[ 1S 1. ¥aa~ 12 Pl.3as LR R Abze 12 21 . Haut 12 %1 . Bas
fmmee | locomeoecaa [P . 1 [ e lecmem e [ S 1
o1 N 37 -.21 P11 -205.0 N 3- I -. 40
2 5.0 | .37 - 70 | I 21 -325.0 1 .83 | - P
| 31 0.t | 1.3% i -1.11 | b 31 -480.9 | 1.25 | -1.09
[ q | 5 1) | 2.9 | ~1.48 | | g | -295.90 | 1.388 | -1 43
1 5 1 3 .G } 2.99 ' -1.94 ! 1 S 1 -2735 ¢ { 2.22 i -1.71
I € i 5 1 3008 | -2.29 | I8 1 =213 0 2.82 -2.07
[ = i 3. .43 i -2.82 [ I 7 1 =155.2 i 3 23 t -2 a3
b or =25 .00 3.8 -2.77 I 8 1 =35.92 ) 257 -2 a8
[T -39 32 4.351 | -3.45 t 2 -35.¢2 ; s 32 ' -3.23
Io1g 2-4.33 ] 4.3 ! -3.2% I ol 24w . 4 12 | -3 472
111 24 .33 f 4. .91 | -3.38% 1 1 34.58 I 4.08 t -3.33
112 1 144 .35 | 4.91 | -3.48 112t 144,98 4.5 -3.54
P13 0+ 204.33 4.82 1 =3.43 1131 204.99 272 1 -3.58
P14 1 224.5% | e. 73 [ -3.986 | 113+ 294 .92 t 3.43 | -3 a3
118 1 389.83 4.84 | -3.%3 ¢ 115 ¢+ 339.38 i 2.87 | «3.72
I 18 | S24.93 [ 4 27 | -3.79 | I 158 1 504.95 t 2.34 1 -3.87
! ! ! H ¢ L. ! |

Key

Fichier = File

Cotes des parois =
Wall specifications

Haut = High

Bas = Low
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Key

Fichier = File

Cotes des parois =
wWall specifications

Haut = High

Bas = Low

PRURT Y RONY BT
wooowo o

ERRABAT G AR LWl b ee

ERETY

Fichier : RD10U7
Cotes des parois (mm)
Absc. 12 Pl.Maut IZ Pl.Bas |
- ' lae t
-205.0 .24 -.26 |
~8$25.¢ .63 -.66 !
-4q60.0 ¢ 1.65 ¢t -.99
-355.0 1.45 -1.4% 1
-27%.0 1.69 -1.723
-2:3.0 ¢ 1.89 1 -1.88 1
-155.0 t 1.98 -1.94
-95.02 | 2.23 1 -2.13 |
«35.02 2.43 -2.41 i
24.99 2.5 1 -2.48 |
94.929 2.73 1t -2.85
144 .33 2.83 -2.99
204 28 3.909 -3.11 1
294.93 3.23 -3.26 |
332.39 283 -3.5% 1
S.a 335 ¢ 330 0 -3.392
' [ '
Fichier @ aL134
Totas des zard:s  Lmmy
Hace 12 Pl.3as

fizhier
£otey des sarcas

) G W W D NI

Al

-

Non adapte

2-D

3-D
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Fiehier : AD122
Cotes des parcis (wm)

PR AR R IR AR R T I YY)

e e bt e g g

U LWKHOBO RN L WK

e b e

Rey

Fichier = File

Cotes des parois =
wWall specifications

Haut = High

Bas = Low

Aboe. 12 Pl.MNaut 12 Pl .Bas
] ]
=208.6 1 1.62 .76
-$73.0 | 3.18 1.60
~460.0 4 4.95 1 2.3
-335.0 ¢} s.02 | 2.89
~278.06 6.720 3.43
-213.0 1 7.42 ) 3.7¢
-155.0 8.05 4.11
-95.02 1 8.70 | 4.32
-3%5.02 3.52 1 4.83
24.98 4 10.22 1 §.03
84.98 ) 10.96 1 §.44
144.93 11.53 | $.97
204.99 ) 12.29 6.13
204.93 1 13.25 6.8¢
299.33 14,32 7.2
334.93 15.7, 7.7:
' '

Fichier : aDi3¢
Cotes 2e3 zare:s fam)

o

h il 1 ap
500 e

ARG OO IO L

Fichier : ©DL23
Cotes des pars:s  wm)

LR RVE I AR

-
=3

10.

OVDW S

Lok P L LV X Y PR W WY S S
o

Non adapte
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AP KRS IRV Y S

g

-
won

13

Key

Fichier = File

Cotes des parois =
Wall specifications

Haut = High

Bas = Low

Fichier : RDiGB

Cotes das parois (mm)

Absc. (1Z PFl.Haut 12 Pl.Bas
t -
«205.0 .21 -.26
-37%.0 .63 ) -.66
~460.0 | 1.04 -.99
«335.0 1 1.46 ~1.4%
«27%.0 1 1.689 ) «1.74
-218.0 | 1.89 1 -1.88
«189%.9 ¢+ - 1.972 1 -1.94
-93.02 2.22 ) -2.13
-3%5.02 1 2.43 -2.40
24.98 ¢ 2.5¢ ~2.486
81.928 2.729 1 -2.67
144.93 1 2.82 -2.89
204.28 3.08 -3.11
234 .93 1 3.23 1 -3.2?7
389.93 3.82 ¢ -3.5%
504.93 4 09 1 -3.%2
' '

Fighier @ &l 3g

Cotes des zarais  fmm)

.
R 4s 000 b v e
&
o

Fichier : WD119
Cotes d2s jperois (pm)

|

)

[} . 1 .

! . | .

t 1.4 ) ~1.39
| .08 1 -1.24
t 2.83 -2.33
[} 3.6 «2.%39
t 3.8¢ -3.36
1 4.41 ~3.93
' 4.51 1 -4.%2
] 4.9 1V -4.93
' 4.2% -5.33
] 3.8 1+ -5.80
0 3.9 «3.11
1 2.3> 5.7}
1 1.38 -7 30
\ .45 ) «3.03
' )

M=08

4

n

o
°o

Non adapte -

2-D

3-0
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Annex 3

Listing of Test Files
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Key to Annex 3

Fichier = File
Parois rectilingues = Rectilinear walls
Symetriques = Symmetrical

Page format:

MACH HIGH AND LOW WALLS MACH LATERAL WALLS ASO07 WING
I HIGH LOW I HIGH LOW I MACH I MACH I MACH
DBL. RECORDERS UPSTM PTHOLE

LFT. LAT. RECORDERS

DNSTRM PTHOLE RT. PTHOLE

RT. LAT. RECORDERS

LFT. PTHOLE

NECK RECORDERS

102



LISTE DE3 ES3SRI3 "AILE AsHT"

ERXTIL L ERLL LS LL S R LR L SRS LSRR LSS LY
# FICHIER AD4 ¢ PARNIS RECTILIGHES DIYERGENTES +
* RD445 3 IDEM + ROTATIOM DE 33' . WER3S LE HAUT: <
* RD_.. ¢ Y FICHIER DE L°E33A[ N =__ *
* RD? ..ot CARLCWUL 3-D DE LA NOUYELLE POSITION DE3 PaPOI3 4
ER AL A2 2R LI LA R e Ll e L A AL A st a I e P e e eI I eIt e Y e

a*&+siaqq+w4é'-*44~--nqq‘-‘--,-’é—4+¢*A*-7-*-*‘*94*ééiéé*ééﬁ&%
# VING, ! RANGEES ! FICHIER | ROT. ! I MB., #
QFIlHIER'HFF 'NHIH'DE PRI;ES'DE DEPHPT'PRRDI:I RDRPT 'D’ITER.#

* RDlGS ! B ! .? ! ” - 5 ! RD4 ! 9 ! NON ! i *
*# AT 1 A 1 .5 ! " ! " 1 9 | " ! 1 4
# ADIY3 ! 3+ ,3 1! " ! " ! 9 1 " | 1 *
# ADI1Y 1 =2 1 7 | " ! " ! 9 ! " ! ! +
# ADLLS v+ 3 ¢ 7 | b I AD319YS ! 9 13=D il 1 #
# ADLLS v 9 T " ! OAD3LLS ! 3 13=D 021 1 +
# ADLLI7 ! A 1 .8 " !ORDPLAT ! 3 1 3=-D ! 1 *
= ADLL3 ¢+ B 1 .3 ! " ! AD?193 ! ¥ 13-D it g #
# ADLL3 ¢t 9 v .3 ' t RADALL13 ! 9 13=D (20} 1 *
* RD129 | «2 1 .85 | " ! AD4 ! 9 ! MM s L]
# ADL22 1+1,91 .8 | " !ORD44T I 39* 1 ONON ! { *
# RD123 t+1.5! .5 | " ! ADF132 Y 38 . 3-D | 1 *
# AD124 1+l T 7! v ! AD44S 1 3t NOM 1 »
# AD12Y t+1, %1 7 1 " ! RAD?L24 ¢ 39+ 3.0 | 1 *
# ADL2S t+1.%! .3 | " ! RD44S P39 1 NON ! t *
# RD127 !+L.81 ,3 1 " !'ORD3138 1 39 13-D ot 1 +
# AD123 [+1,81 ,3 1 " ! HD‘!:T to39r 13-D 2! 1 *
# RDL2? 1+1.9! .3 ! b ! AD3123 ¢+ 39 13-D (3! s *
# AD139 !+{,.%1 T | " ! AD4 | 3 1 2-D ! 4 %
* ADI3L 1+1,5) .85 ! v I RDL3Y 3 ! 2-0 1 + *
« ADI32 1 9 1 .3 " ! AD4 | 9 1 2~ 1 4 +
# AD134 I P 1 .3 ! ' ' RDI33 g ! 2-3 ! 4 *
* ADL3S ! Bt T " I ADI34 3 ! 2-D ! 4 +
# RDI3S ! 9 | 5 | " I RDt2S ! 3 1 3-i ! 4 *
# ADI3? 1-9.5! .8 | " OADdd3 ! 39 1 NN t *
+ RDLI3IB t-3,5! .8 ! ' IoADeL3I? v 33 v 3-2 ) ! *
# ADL3? !'-9,.5!1 .3 | " I RD443 1 39 1 MOM ! 1 *
# ADLY4D 1=9.%0 .3 | " I AD3L39 1 39 13-D it 1 *
# ADL41 1-3,31 .2 " I RDFL4D 1 39 13-D 2 1 %
= ADL42 + =2t .8 ! " ! ADs ! 31 NQM { #
# ADLA3 | =2t 5t " I OAD9142 ! 3 1 3=D 1 { *
# AD144 t =2 1 5 | ' t ADL3s ! -3t 2-D < +
# ADL4S 1 +2 1 8t " YOADL3L | 3 t 2= ! 4 *
fmmm———— R el EC UL DL S |emmme e [IEET LTS | mmmm— = | e —— “
# ADI4S 1 +2 1 (8 1 | - 4 | AD14S | 3 + Z2-D | 4 +
* RDL4T 1+1.%) .8 | " ! AD44S L 39 NDH ! { *
+ AD143 1+1,%1 .5 ! " VoOoRADAL22 !l 3 3-D ! 1 -
# ADL4 1 A 1 8 " 1 ADiS ! 59 1+ 2~ | 4 *
# A01S9 ! 3! .8 ) N ! RD4 ! 9 1 HOH 1 4
# ADISL ! 3 1 .8 " L RD2LY? 5 ! 3-3 | 1 *
* ADIS2 1 31 .3 " ' ADL34 ! 3 | 2-D ! 4 -
# RDIS3 1 A 1,3 " ! AD4 ! B0 HIN ! =
# AD1IS4 ! B L .3 " ' AD?113 ! 3 + 3-D ! ! *
# RDISS ! =21 .5 | " 'OADL4d 9 1 2-] ! 4 ®
= RDL%S t -2 1 .5 | ) ! ADs ! B 1 HOM ! 1 “
# ADIS? | =2 | ,8 1 bORD?142 9 + 3-D { #
bommmmmme | wmne | e e ——— R | sommae femomaea | emmmema +
# ADLS3 § =2} 8 1 3 « £ | AD144 | 3 + 2-D | 4 -
* ADIS3 t =2 | .5 | " ! A4 ! 3 ! NQH ! 1 -
= RD1SD + =2+ .5 ! b v ORD3142 ¥ o1 3-D 1 #
+ ADtaL !+ B L .8 ! " ! RADL3s ¢ g 1 2 ! 4 %
# AD1s2 ! B3 ! .8 ! " ) A0s4 ! B3 ! MOH Ot s *
* A0S 1 9 1 8 " IOADILAT | 3 ! 3-Dp ! t #
# ADled ¢ 9t .3 1! ' ' RD134 ! 9 + 2-D ! 4 #
# AD1aS 1 3 1 .31 ' ! RAD4 ! B MOM { *
# ADdss | B 1 .31 ' ' AD2113 ! 3 + 3-D 1 1 +
# ADLAT 1+1,9 .8 1 : ! RAD44S ! 3 1 NN ! 1 ®
+ RD1g3 !+1.5! .8 ! " ! AD%L22 ! 39 | 3-D | { “
+ L +2 L3 : ! 12 ! 4 *




2

L P R T o T FIBHIER ADLAS MACITu=s 1
147 339 11H4Y ASY? M=,7? [=9 R 2-% NOM RDRPTE ARD12S :
DE RD4 1’ITE. PARNDIZ PELTILI&NE‘ SYMETRIAUES
MACH DE REFERENCE= 7013 UINFa 231 T
93,8 K PIv¥= 1357 MB
EE L]

‘--_‘-“0—*-*-*QQQ*‘-Q-‘qo**-‘--“oo‘*——o—*‘-‘a

LR L R T T oy

MACH PARGIS HAUTE ET BA3ZZE MACH PARDI3 LATER,

-

HAUT BR3 ) HAUT ERS I MACH { MFCH

-

* *
* *
* *
1 A 721  # PRIZES DOUBLES %  HUB., AMONT 33 LTLS s 1
2 b L7058 # % 24 STl e 2
3 7Rl 792 2 992 9l THL % 1 . 792 33 S = I 3
4 LT L7310 & 63 7R3 7O 2 782 35 LTl s 4
b . T99 792 = £l . 788 JTHBS % 3 .79l 37 ST12 s s
5 a2 L7930+ @ 4 791 32 T2 0= 5
T 792 72 % PRIZES LAT. GRUCHMESs S 01 3% A e v
3 . T94 J7TR2 % # 5 .79t 443 T I
3 LT3 795 0+ 852 793 TR B T Tl 41 TS+ 2
19 ..@3 L7009 & B3 .71 STRY & 3 . T31 42 LTI o+ 1
i1 B L7812 B4 LT3 JTOT % 3 731 43 T2 s 1
13 .598 781 <« B3 .?ﬂ? A LI Y 5 DY 44 12 5 1
13 333 709 = HA 77 793 & {1t e s 43 PR S ST T
14 TR PR3 BV .725 A U B 14
13 731 793 & 83 . T23 713 % HUB, RYAL HUB, £ 13
13 s 792 = 683 73R Tl s # 0 14
17 LTS 793 2 7B STET STl # 1 733 { s 1T
13 ek L7923 2 7Y TS LTR3 o« 2 T 2 #0173
13 .TH7 7R3 & T2 W71l LT s 3 S TH3 3 s 1%
29 ch LTS+ 73 533 T s 4 1 4 02
21 LT3 P8 < # 3 ks 3 £ 21
22 TLls J797 # FRISES LAT. DROITES: 5 LT3 5 +  I2
3 ) JPRE # # v L TH3 b 023
24 .71? R o+ T4 CE 3 T3 3 24
29 21 L7l 2 73 LTRA2 & 3 .83 3 29
Y o2l L7190 F T8 PR D SR T ¥ LTaT 14 23
27 T2 783 & 77 NCEE T T B 7R3 il # 27
23 723 98 B SR LTED % 12 = I3
23 V703 LFLL 2 7R JEF3 % HUB, SHRUCHE 12 + oz
33 731 UL 229 L ) 14 £
21 .73“ 733 + 31 JTRT s ST23 19 3t
32 WTE3 713 % 82 i O B 2 WT3m 13 s 32
33 723 J7ld 2 32 T 3 T2 17 & 13
4 T35 713 5 384 LT s 4 T4 13 2w
33 W 733 713 =+ 3% WTL3 e 3 Tl 12 + 35
8 T39S P15+ 38 ST 5 720 29 L1t
3T T35 AT RN I 19 s 7 ST23 21 # AT
33 ..34 714 % 33 T # 3 T35 22 -
39 T35 L2130+ g9 2 TL12 s 3 V2% 232 *
43 739 712 % 99 2! LTIL o2 1) .23 24 -
41 LT3 S S - . T23 LT 1 722 25 %
42 .':3 ST & 22 LT 7R3 2 L2 T2 245 “
43 23 L7R? & 93 LTED LTRY & 13 L T29 27 *
44 4 JTOE 2 94 12 TS 14 R 23 #
43 J7O7 % 2% . 7R3 335 % 13 13 ] *
45 795 & 98 533 JEIZ O % 18 712 29 %
T 793 & s 17 712 31 *
43 793 % 13 A ) 32 #
432 .73 = = 13 W13 33 *
59 793 += 23 LTl 34 *
94 793 2 # 21 il 1 35 +
92 JTRR # PRISES ® 32 TR ki #
93 LJ798 = # 23 T 37 *
S4 708 STEd 24 LTiA 2 &
%5 LTHY # 213 29 729 33 +
51 Mt D B 2T 25 ST 49 #
g7 633 = A3 # 2T 2% +1 #
33 .6,4 .ssr * 1,933 & 23 LT3 42 +
+ 29 T3 43 ®
# 3D LT3 44 *
= 3N Tl b »
32 ST18

SHE

-
-~
N

Féra,

& -'1'2'4~

MALL




3

SHERSSILEFREFLGIBRR ISR DS 0R0ER FICHIER ApLar MCITH= L
14 3 3§ 1LH3S A3A7 M=,6 [=9 R 2-3 NOM ADAPTE RDL117
IE RD4 1'ITE. PAROLIS RECTILIGHES SYMETRIQUES
MACH DE REFEREMCE= ,3923 HINF=  231.193 M-3
TIYV=296.3 K PIYV= 1534 nMB

FRELLBELBLLLELEF A FEPIRTIT PRI FERSREXFEFISRS RS

FEERREIFC ARG R LSt RIS S s T STt et ns

MRCH PRRDI3 HAUTE ET BRS:E % MACH PARDIS LATER. %
»* *
I HRUT BR3 I HAUT BR3 # I MACH I MACH #
» *
1 L .593 # PRISES DOUBLES #  HUB, RAMONT 233 595«
2 .93 502 & * 34 535 =
3 593 .333 = 392 EE JIAT e 1 532 393 504 <«
4 337 537 & 89 ) JEBD % 2 . 5943 35 JEBY
3 537 .333 # &1 539 Bl # 3 .3383 37 509 &
3 L3932 L50) = # 4 . 533 33 504 =
7 .533 399 & PRIZES LAT. GAUCHES# 3 .397 39 s34 #
3 332 333 & ® 3 « 397 49 395 %
e 529 881 = 82 # v -k 41 28T e
13 509 337 0+ 83 w33 % 2 997 +2 B85 %
11 3T L3973 % 84 31 3 . 993 43 B3 %
12 95 .333 0+ 33 Y+ 13 .393 44 A2 =
13 397 393+ 85 3l o+ 1t . 539 45 LEA2 ¢
14 593 B399 & 87 91 *
13 539 1515 I - 33 % HUB, RYAL HUB., #
15 599 339 & B89 35 % #
17 591 399 0+ 78 33 =« 1 582 1 »
13 503 393 % T 21 = 2 . 592 2 +
13 592 .39 = 72 92 = 2 L2523 3 *
29 593 B89 = 73 A e 4+ =295 4 #
21 B33 L899 o« # 3 .593 9 ®
22 .293 S31 % PRISES LAT. DROITESs 5 B33 B *
23 ol 233 # 7 593 7 *
24 513 BR2 + T4 L9593 JEDD # 3 583 3 *
z 212 .833 = TS L3 =k LI 9 1L 3 #
23 WE12 533+ T8 L399 LIR30 n L2032 13 #
v LSl 891+ 7T L3297 L3701 533 11 ®
i3 NS I L5330 T3 L399 JIERT % 12 *
23 513 W333 & TR 29l 335 & HUB, GRUCHE 13 #
9 513 3E3 0+ 39 Lk L5 % 14 #
31 8232 331 & 31 515 JEDL % 1 313 13 *
32 528 295 0+ 32 215 2R3 s 2 NIE 13 *
T3 B33 .59 = 33 .513 Yo S ) 3 .513 I %
4 I eds LS04+ 34 24 MDA 4. 595 13 -
9 LE22 .BRT s 35 B35 JBI2 # 5 .507 13 %
38 539 L BR% = 38 LJEES TR = LER3 29 : *
37 531 ou4 & 37 L) LI 7 .51 21 g1 #
3 213 S04 0+ 83 223 CGEN 3 JELD 22 -3 %
3% 229 594 % 393 LEE2 SED3 el RSt 23 z #
43 317 SB3 + 3) 518 W33 % 1) =12 4 3 *
41 17 293 = 31 214 NP U BB -3 23 Z #
42 LT B892 % 92 B3 9L % 12 519 2% 3 *
43 517 831 = 33 222 JERG % 13 532 27 . 9 *
4 JEL3 B = 34 L) 291 % 14 k) 23 3 *
49 512 L6883 = 3% . 398 .333 # 15 b 2% .5 *
45 ARy L ERL o+ 38 599 LTS Y 294 1) el ®
47 ) 881 % 17 285 3t - *
43 JEIT L8922 = ® 13 585 22 .-k *
49 506 852 % £ 149 235 33 -t ®
3 504 ER2 % = 29 395 34 . *
1 504 B2 # # 21 . 536 39 S *
22 591 582 = PRIZES COL ® 32 -1-14 e W3 #
<3 393 JBR3 + 23 533 37 -t %
94 . 533 B3+ 1.924 % 24 .58 33 .3 +
3 1T 582 = 1,883 % 2 532 L) .5 +
5 593 L5009 =« 231 & 28 =19 4 o3 #
T 931 .32¢ & T3 % 27 511 41 .3 #
23 .5%9 533 = 725 % 2B 512 42 .3 *
# 39 .513 +3 % *
# i .83 44 .8 *
31 505 45 .5 £

+ 32 508




P YT T T P P R PR L L E RS L FICHIER AD193 MICITi= 1
14 5 25 12H ASAT M=.3 [=4 P -5 NON ADAPTE AD193
DE AD4 1'ITE PARDIS FECTILIGNES 3/METRIDUES
HACH DE PErEPENC 39l DIkF= 231,188 M- T
r”—-a:.J k Plua 1984 18

~

MACH FRARDIS HAUTE 2T 2A3ZE MACH PRROIS LATER. AILE F34

* -
! HAUT BAS ! HEUT A3 % I MHPH I MACH - I RO
4 - |
1 . 792 % FRISES DOUEBLES ¢ HUB. AMONT 33 JE2T e 1
2 . 393 = ® 34 335 % 2
3 . .398 < 39 L3393 L3822 % 1 .331 33 324 = 3
4 . 381+ A9 .383 L IB7 o« 2 .39 8 317 = 4
3 . 391 o+ St 211 JER7 % 3 . 399 37 329 0+ H
= . 385+ * 4 .39 38 320 # <
v . L3094« FRIZES LAT. GAUCHES«+ 3 LTl 3% L2270+ v
3 . 733 0w * 5 LTI ) TR E
3 . 393 <+« 82 L 39 303 % B .79 41 J33T o+ E
13 . .308 <+ a3 . 393 3 TS 42 ,2324 + 19
11 . W32 2 54 s = 3 793 43 322 0+ 11
12 . 398+ 53 03 o+ 19 ST 44 321+ 13
13 . .793 L1 312 & 11 . 399 435 328 0+ 12
14 . 393 &+ &7 313 < 14
15 . .383 =+ 83 333 & HUB., AYAL HUB., DROIT =+ 15
1S . 39 + A% 3233 = « 15
1 . 381 <+ 79 319 # { .319 1 =25 A T B
13 . 392 - Tl 13 % 2 314 2 391 0+ L3
13 . a392 o+ T2 314 & 3 3132 3 332 0+ 17
9 . L3908 o« T3 313 % 4 31T 4 392 0+« 19
21 . 383 ¢ * 3 314 3 391 o+ 21
22 . L3189 « PRIZES LAT. IRDITESs 5 313 B 391 o+ 22
23 . .319 =« # 7 .312 v 391 o+ 23
24 . 315 + T4 391 L3983 = 3 J3L 2 391 o+ 24 !
29 . L3135 &+ 79 SEY L2393 & E 314 E L3023 o+ IS '
28 . D e 82 RS DI Y 311 14 392 0+ 25
ar Vi 315 = 7T 033 AT R B 3l 11 392 o+ IT
23 . 313 o« T3 L] JTEAT % 12 391 o+ 373
2% .831 &+ 73F 383 LTOT 4 HUB. GRUCHE 13,331 <+ 3%
33 o .821 <+ 38 313 J395 0« 14 L3R s 19
Rt .3 317+ 31 . 332 311 s 1 L3405 13 ; « 31
32 3973 .325 <+« 32 331 313 e 2 344 13 < I2
373 3BT 8923 =+ 33 543 3le e 3 J343 L7 32
14 L8501 .324 0+ 3+ L3830 L3132 0s 4,321 13 34 l
33 . 388 328 ¢+ 33 LTS 325 = g .32%9 13 « L5 :
35 354 .323 % 38 374 0333 0+ Y 322 9 + I8 .
mw 354 .32% + 37 372 323 % b 344 21 IT
33 . 3%3 3234 = 33 . 383 323 % 2 L3458 22 £ 2
33 L3357 322 = 3% . 357 313« 3 .347 232 < 33
+8 .3%8 329 =+ 39 L1342 313 0+ 19 . 333 24 MMl <« 4B
41 . 347 .813 < 3t 339 317 0+ UL 333 2 TS D U I 5
42 347 313 ¢ 3% 328 312 0+ 12 L 337 23 LE91 & 42
+3 L343 R DU T i 3 31 = 13 2239 arv 331 & 43
44 L339 L3185 <+ 34 5 L3122 14 333 23 R D
49 332 313 0« 35S B8] TR o 1S 51T 23 L33 € 45
45 327 318 = 35 e TE3 o+ 18 317 | 1 % 4
47 .329 311 = + 17 L3313 21 =150 SR T
43 .332 313 = = 13 321 32 392 - 43
43 333 312 = « {3 .321 33 5 T S O
29 315 312 - - 293 . 324 34 LERE o+ 94
91 319 314 = £ 21 L3258 39 382«
2 a1 L3938 = PRPIZES oL « 2z L322 I8 392 -
3 LIS L 385 - * 23 327 37 L3910 s
<4 a7 L3RT 358 1.2IT o+ 24 L334 38 391 e
33 L3185 .382 = 351 JRT O+ S 335 33 L3I0 e
95 312 TR - 242 388+ 14 L3343 49 L3091 -
ST .31 M R 23 L30T . 41 L3391 o«
%3 394 LT3 = ) STEI e 23 . 42 L3910 .
#0239 R 3 381 =
- 3, 4 .39 -
- ;i . 45 391«




5

P AL I PR E R PR I R FICHIER ADI1g - MCITo= |
14 2 3% 1SHS9 ASAT M=,7 = <75 HuN RDAPTE AD1LY
DE ADY 1'ITE. PAROIZ RECTILIGHES SYMETRIAUES
= MACH DE REFERENCE HINF=  231.198 M3
¥ Plvs 1533 Mg

MRCH PARJIS3 HRUTE + MACH FARDIS LATER. € ALLI 9347
I HRUT 8BRS 2} # [ MARCH [ MACH  + [ MACH
- -
1 NLE LB3F7  * PRISES DOUBLES #  HUB, AMDNT 32 T - {
2 . B2 % * 34 STLE s 2 5
3 . .53 % 53 W BE7 VBET % 1 rEn 3% T2 e 3 3
4 598 LB3IT 5 59 R 1 ) 2 W B3T 38 TR s + 3
5 L5933 833 + A1 .91 A ) 3 837 37 S 1 B 3 bl
5 E L] B33« * 4 535 33 T % o 1
T JBRTV B3 4 PRIZES LAT. GRUCHES# 3 . 535 23 TLE s h £
o) .533 33T & * = e 44 AT 2 )
E B39 TA1 + &2 LY AR s v A5 41 ST I 3 3
19 R B3 s 23 . 533 T34 & 3 38 42 A SRR I ¥ 119
11 535 B3 s 24 s LTH2 s 3 I35 3 A S T 3
12 3 833 + 83 TS AL B A ¥ T 44 T s 12 4
13 SR B35+ B8 . TR3 - S 536 45 STl os 12 ]
14 L 333+ 57 STL8 1L s 14 3
19 B3V .833  « B3 713 14 & HUB. AYAL HUB. DROIT % 15 1
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23 313 .381 = * 7 L1397 v L3930 o« 23 A4
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4 L3232 393 &+ 34 L2344 318 = 4 L3123 13 393 0+ 24 1,4%4
33 W335 .393 =+ 2% L3485 L2140 % 3 L3113 13 IE-TE I B R G
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43 L322 397 & 33 587 383 & 13 317 av 0393 0+ 43 « FET
44 318 388 % 34 219 294 & 14 313 23 L33 & 44 353
49 319 304 = 35 . 393 T8 % 1S .31z 23 388 4+ 4% LSRR
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32 308 .301 # PRIZES COL % 22 313 35 .393
53 ] 387 # £ 23 .313 37 393+
94 319 318 # L3893 LL21T o+ 24 .313 33 L2383 4
S 213 397 0+ 373 10183 e 2 339 39 .383 =
55 . 395 .303 # . 242 329 & D¢ . 323 4 .303  +
S7 391 .?°9 * . 323 323 0+ 27 327 41 303 #
33 Mk K 737 % 1.144 732 & 28 .329 42 393+
# 33 324 43 L3903 %
39 318 44 .283  #
# 31 312 43 . 303 #
+ 32 314

N Do 4= ..E

] &S5



24

FEEFEEFERREBRRRR S osRs %N w%s  FICHIER ADLZS MOCITYs ¢
237 3-3% 9H3ID RSQ? MHa, 7 1=9 R 2-5 RIAPTE 2D AD135
DE RAD134 4'ITE

- - D - - -—----—-._-.---__----——----.---_—-—-_—----_—_....______...—_-___‘

MACH DE PEFErENlE= 321 UINF= 31,198 N3
=297.2 K Ply= 1531 =]

-ﬁé'.éé'k'i‘iIw""*-t“?1'-('1"‘?"""?'h"*.'x"r"""“ﬁ**.".'"’.'-v'v‘.'-*ﬁ***#iéﬁ******éi*é*éééi—:i* 22 AL LT L TP

-

MACH PRRDIS HAUTE ET BR33 % MACH PRROIS LATER. *  RILE Asgs
I HRUT BRS I HRUT BHS # 1 MACH 1 MACH % I MACH
¥ *
1 7R3 .99+ PRISES DOUBLES # HUB. AMOMT 33 SR % 1 BT2
2 .TRd 794 # # 34 .TA3 o+ 2533
3 .73 s - T 799 7L % 1 .98 3% TR 3 e
4 T3 7R # 8l 723 799 % 2 .33 35 LTY3 s 4 . 309
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# 29 T 43 T2 #
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12 935 535 = B3 939 558 18 . 3958 44 L9999 0+ 12
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{4 . 535 338+ &7 592 393 % + 14
15 338 598 & 53 532 .393 % HUB. RYRL HUB. DRQOIT # 1S
18 . 325 L5334 &+ 53 592 333 # : 15 3
g 537 .53 = 79 L5285 338 & 1 .993 1 593 < 1T "1
13 L5333 .39 =+ 7! 539 TR 2 .5913 2 .593 & 13 791
13 .333 338 = 72 597 S35 s 3 L3597 3 393 + 12 B35
29 923 - .934 593 = 4 .593 4 .593 % 29 533
21 533 J337 % ® 3 597 S 993 = 21 333
22 592 .3394 = PRIZES LAT. DROITES« [ 397 5 L5983 o+ 23 .538
2 593 333 0+ # 7 597 7 393 « 23 BT
24 502 333 <+ T4 . 399 339 4 3 393 3 393 & s L3959
25 .593 .39 &+ 7S L3537 387 & kS . 593 3 .593 & 2 373
28 . 592 538« 7% - LS o= 1) 398 19 .533 + Zp B34
e 5833 398+ 7T L5386 LT T 398 1! 5% o+ 37 BTH
23 . 595 .5%3 = 73 396 932 % 12 933 o+ .23 554
23 532 L3533 «+ 72 V337 . 332 & HUB., GAUCHE 13 393 ¢ 23 L2395
39 598 333+ 39 L5094 L5935 % 14 L3597 o+ 39 519
31 593 595 = 31 BR800 533 s 1 .583 1S J397 0+ 3L 339
32 1595 L33 0+ 32 .55 V334 & 2 392 15 597 o+ 32 319
33 AT 333 & 33 . 5373 J395 % 3 582 17 337 0+ 33 L33
34 598 337 0+ 34 812 I3 s 4 L399 13 J397 o+ 34 JUar
35 505 L3937 0+ 35 513 933 % S . 539 13 L3970+ 39 .83
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NOTATION
Xp
Yp Cartesian coordinates in the reference working section
Zp (porthole axis)
X
Cartesian coordinates in the wing reference (leading
2 edge to socket)
C Profile chord of the wing section considered
ol Angle of the model (fuselage axis)
g e
ool oo
Mo Fnfimite Mach supstream—of<the—&iow
M Local Mach (wing or wall)
P-po
Kp = 2 ‘
lfVo Pressure coefficient
2 [
Cz Local or complete-wing lift coefficient
Kp . d(-&
Cz local = jp"ﬂ Kp . d(z3)
Ce = 2

1 f. %l. Saile
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AOAPTATIONS
TESTS WITH THREE-DIMENSIONAL APJUSTMENTS IN THE RECTANGULAR
WORKING SECTION OF THE FRENCH T2 WIND TUNNEL, WITH: AN
Twee AS 07-TXPF SWEPT-BACK WING MODEL INSTALLED.

A. Blanchard, M. J. Payry, J. F. Breil

1 - INTRODUCTION

N
~
*

This test series follows a study done in the T2 wind tunnel
with the goal of defining a shape for the adaptable walls which
would minimize their influence on three-dimensional objeets
placed in the center of the,section or fastened on the sidehnlﬁ.

1, ge wel polfueh are SHean, p,

The preseQNuﬁ?nf{gyrazquﬁgf&Fhe working section does not Teres
allow obtaining—-a shapesdidentical to that-of -thelayer—eof
Eﬁiﬁ%ﬁ{ existimg around a three- di«~551onal model in un%tmrted'w~w2¥MHQ
atmosphere (two completely rectilinear and parallel lateral A
walls, two flexible and bendable upper and lower walls). The
planned solution thus consists of using the two bendable walls
to minimize the influence of the walls on the model.

*

The method implemented uses solutions developed by "E.
Wedemeyer and L. Lamarchelr[ 1. oA first series'of tests was
done in cooperation with the,University of Berlin on various
existing models [6]:

- a C5 revolving body 166 mm long, 0.3% blockage;

- a civil F4 airplane model with 120-mm wingspan and three-
component balance;

- a duck-type military airplane model with the same balance.

Another series of tests was then done on a bigger model [7]: -

- a C5 body 400 mm long, 1.8% blockage.

*Numbers in the margin indicate pagination in the foreign text.



The results and calculations were compared.

The calculation meth%gbgas optimized for reaﬁiving bodies cg waei&5“
placed in the center of the,section; an extrapolation was tried
which placed a half-wing at the wall. 1In this case, calculations
4s done as if the section were twice its actual width, using the
Mach distribution at the wall measured near the plane of

symmetry.

~ The results obtained on the "16/1000-scale" AS 07 are
discussed in this report. They can be divided into two groups:

control tests and systematic tests. f%€w~avm,u
! /”"

Included in the first group is control of wing—angltimg by

rotating the walls. The §Z£§'of the jacks would not permit h5?5££;£¢f?
displacements seﬁgisedsby-calculatiga for angling-the model “te '

i "
+2°; we thus used this artificial method after kawing verif'zeaii..\::.:5
its validity.

The three-dimensional adaptation method supplies the
optimgz\shape of the walls from the first calculation, whatever
the initial position of the walls; this was verified in /8
several test configurations. Finally, an adaptation called 2D
"twosdimensional" was tested; it uses the normal method for T220

p;eéii3~tests. This case, without theoretical justifica&ion,
. L 70 ]
wasltziedvég see thé‘inglgezce of the shape—of-the walyigghd the

The second part of this study corresponds to systematic
tests: four configurations were chosen which gave different
lift coefficients, without making highly supersonic zones appear
on the profiles. For each configuration, three wall positions

were tested:

- The first, called "unadapted," corresponds to the upper
and lower divergent keetilinear walls compensating for




ﬁ?&wy,
bowedbns,

thickening of the limit layers; it served as our basis

for beginning three-dimensional adgptation calculations.
These particularly simple limit conditions can also be
used for complete calculation of the flow in the working
section.

- The second wall shape comes from the thregg-dimensional
adaptation calculation; the flexible sheets are

-

positioned before the gas&;ba*wQ “ 3333

- Finally, the last case corresponds to "two-dimensional -
. . . A .
adaptation"; the iterative process converges eh a single

gust.
WQMM

For each type of test, three gusts are necessary to obtain

B
a7 5 W

readings from the six rows of pressure recorders spread along
the AS 07 wing.

The experimental results gathered during this series are
not sufficient to validate the three-dimensional adaptation

method used. Additional calculations must be made to estimate

residual corrections. 1In these tests, neg&%g%&ingnfluence of
the walls is observed for low lift values or low Mach number

inversely, for 2 degrees of incidence or for Mach 0.8, the
become significant and can in part be interpreted as variations
in aerodynamic incidence.

2 - ADAPTATION PRINCIPLE

'he purpose of the adaptable walls is to create an
Zflow around a model,in a working section with finite
dlmen51ons, this can be done by controlling the wall conditions,
either by their shape in the case of solid walls or by flows of
mass through porous walls. The first solution has been chosen
at T2, where flexible sheets moved by jacks form the upper and

lower plates-of the working section [3].




' /f;j e B g
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e sbrcambube . -
%)existing around the model 1n.uﬁ¥§mitedugé

’—nttl This solution is not at present possible é& T2, but
on the other hand it is possible to use the two flexible /9
walls to minimize residual corrections due to the influence of
the walls on the oebjeet

2.1 Two-dimensional adaptation

The details of the process will be found in [2] and
[4]; it uses a coupling between the real flow in the working
section (internal field) and a calculated ﬁ$§§£§$ﬁflow outside
the wind tunnel (external field). Coupling occurs on a control
surface near the walls through speed vector components.
Adaptation is achieved by an iterative pr cess ij}ing on the
shape of,,the walls: the components of Egg:ggéeé en- the control
surfaé:fégcomesavailable at each iteration; they are
extrapolated from the pressure measurements at the wall. The
velocities needed on the control surface to achieve an unlimited
external flow are calculated by the Green function following an
inverse method. A method of optimized relaxation between the
internal and external flows for the vertical velocity component,
followed by an integration along each flexible wall, supplies
the new shape of the wall. The real shape needed is obtained by
adding the thickness displacement of the four wall limit layers.

2.2 Three-dimensional adaptation

For three-dimensional adaﬁtation,wthe process is
different [5]: it uses é%hgﬁétization of the model threuch E:> a
distribution of sourcei Eﬂd vortices in a Bgrrow horseshoe , -
i i i égimatiza%&en T X
placed on the section axis.)| This s gives—a good
-Tonlof axisymmetrical bodies mounted in the middle of

the working section. )
133 alen fme

In the case of a three-dimensional body, it is necessary to
bend tti wglls located around the model to arrive at a shape gav*qfo»JZ::S




The originality of the method lies in then doing a
linear transformation, which permits passing directly from
distribution of velocities at the walls to the adapted form

without needing to determine the intensity of singularities,

The optimized shape of the walls is thus theoretically obtained
from the first calculation; this shape, which is not exactly
nadapted,” minimizes residual corrections on the model caused by
the influence of the walls.

Using this method for alf-wing at the wall.is wﬁr wlé
abusive, because the baselgghemaf&%a%ten does not éZ;EﬁEZQ

wlngspan, 1E“Eis nonetheless been tried here by replacing the om
lateral éeor by a plane of symmetry leading -to a fietienal POPURYON
double section w1dth, and taking the Mach distribution of the j@wa“
flexible walls near the plane of symmetry as reference.

3 - EXPERIMENTAL EQUIPMENT

con be

The T2 transonic wind tunnel is pressurizable and can
function at low temperatures; only minimum-pressure and ambient-
temperature tests wergzéeﬂe-during this series.

wel) J

3.1 Working section eguipment /

The working section has an almost square section of
0.39 x 0.37 mﬁz at the entrance. Flexible sheets of Invar
make up the upper and lower walls, equipped with three rows of
Pressure recorders whose coordinates are given in figures 7 and

8. The s positioning mechanism is described in [2]}, [3],

A2
~and [4]. !3?<:/@wc53

The left lateral deer has three portholes with
Pressure recorders placed along horizontal and vertical lines
whose coordinates are shown in Figures 7 and 9.




The pressure recorders are linked to te Scanivalves,

each ofzfﬁffiﬁfff7~can observe 48 positions in 5 seconds.

The position of the wing in the working'section is

given in figure 6.

Aocet )vfa/ / ‘ﬁ)ujat
The Mach number of the flow is set by a seeend géc%wiaaag

controlled by the computer which controls the gust.tzwwﬁ POV

No other equipment or wind tunnel measurement method . e«e
was used.

3.2 Mounting the wing
bl -
The AS 07 wing, model with a scale of "16/1000" is
shown by the photographs in figure 5. The method of mounting

the wing on the wall is shown (figure 6), the plane of the wing
and its specifica?iozz are ‘iven jfi.ur (] lgﬁfng l%)f and the
shape of the profiles ég&aﬁgéﬁxﬁzﬁsiitAand the positions of the
pressure recorders are indicated (fiqures 12 and 13).
at A%fwd' Spanup vie Locolirvt odn Ahoaon

There are six rows, each with 16 recorders on the
inner and outer sections and one on the leading edge; they are
placed across the wingspan so as to form lines with constant
chord percentages. These recorders communicate with tubes
placed in grooves along the wingspan; each tube communicates
with three recorders (either on the external wing or on the
internal wing). When one of the three rows of recorders is used
to measure pressure, the other two are covered with thin (0.05-
mm) adhesive strips. It is thus possible to simultaneously

measure pressure on two sections of the wing (one internal and
one external); measurement of velocities over the entire wing

thus requires three different gus%sv&::MuQ fﬁ:ﬁ“

The wing is mounted on a half-fuselage linked to a v

porthole, whose rotatfss i af -the wing-
% N A S By

notales
10



fuselage assembly; the angular reference is the ééézzaineax part

‘ on the back of the fuselage [1].

3.3 Acquisition and,e;ﬁ:z&;gion,programs
4 ‘SW./

The T2 wind tunnel is linked to a tegm gf two ' Q S

i A
fcomputers, one concerned with creating and regulal the gust
Jand the other with obtainjng data and storing measurements to

disk at the end of &he ?$Z~qu A | ’

-

These tests are éa*saan%tto the series done on the /11
C5 body and use its principal elements.

Disk cartridge LU 26, Program
LU 34, Test files, calculation files

BAcquisition program

(TEACQ)

Fixed walls:
l No adaptation
(RAFAL) PARC 5 (lance ACQC5)

during egust A,

PARC S (uses PROJ and ADAP.) Two-dimensional
"adaptation

Initialization of programs with (TR,) RINC 5 (For PARC 5)
'{or (TR,) RINC S (For PARC 8)

g Test file

AD --- test number  from AD 100 to AD 173

11




wall positioning file

- any test file AD~---
- or calculation file AD 9 ---
- or special file (AD 4: Divergent reetilinear walls ofinﬁz

symmetrical.3335&:3ayers.
AN
AD 444: AaD 4 + 10'arotation upward
AD 445: AD 4 + 30f?§3tation upward

Three-dimensional adaptation calculation

Calculation from a test file AD ---
VKJ 43 Calculation of wall shapes without rotation
VKI M Calculation of wall shapes with rotation

!LD ' - section length 780 mm
- ratio ¢ = h/b = 2.1081
reference recorders:
right lateral RL

T - weighting coefficients

hz370mm

780 mm file VKJ - R (cartridge
LU 43)
-m—OFi%ing to disk
File for new calculated wall shapes
AD 9 --- beginning test number for the calculation

Programs for examination of AD--- files

LICS:

graphs local profile Mach numbers

graphs Kp
lists AD file

calculates Cz

12



LTC 51:
- graphs wall Mach numbers
- graphs wall shapes
starts LTC 52 (does an RP, LTC 52)

LTC VK:

- graphs only wall shapes calculated by VKI 43 or VKIM
(from AD 9--~).

- SUMMARY OF TESTS PERFORMED

A previous study was done on the AS 07 wing [l1l]. We
erified in one case that the same results would occur, although

Bhe working section was modified when the T2 wind tunnel was WRJ%£;17
' for cryogenics.

The first control tests were done by measuring rows 2 and 5

pressure recorders for the Mach numbers and incidences
dicated below:

: : )

Mo 0,6 : 0,7 : 0,8 )

e : : )

( : )

( +2° X : X : X )

( © X ¢ X : X )

; ( =2° X « X : )
Lo : : )

13




:————

Four configurations were selected for systematic tests: /13

Mo )
0,6 : 0,7 : 0,8 )
e 4 s ;
( :
( +2° X : )
( )
( : : : )
( o0° X : X )
( . . )
' )
( =-2° X )
( )
%u,nn/&{.’w’

hey correspond to a sampling of lift coefficients and &o—an

nfinite Mach effect—upstream, while limiting the supersonic
ones which appear on the profiles.

Figure 1 shows the list of tests in chronological order,
nd figures 2, 3, and 4 classify them by configuration.

' We first showed tha ro g n of cEe upper ang lower walls
$as equivalent tojgggggagAthe model at he same’,angle. Thls—{E
Jstifice was made necessary because the ¥R of the jacks did

owt[)(/

t permit the displacements required byﬁkalculatlon of

ree-dimensional adaptation for a model incidence of +2°

- Divergent reeiti-kinear walls
{

.”o
( : )
X, ( & Wall 0,6 : 0,8 )
aenad. ( Drsplay “S4and 3 )
( : )
90 ( #2° AD 4 - AD 120 : )
( +1,5° AD 445 AD 122 )
( )
( : )
0° ( 0° AD 4 AD 107 - AD 109 : AD ]08 - AD 132 )
( -0,5° AD 445 AD 137 -3 . AD 139 )
( : )

14




- Three-dimensional adapted walls /14

Mo
( - : )
( o CALCUL 0,6 : 0,8 )
( 3 )
X agrod. = 0° ( ~ : )
(o° VKI 43 117 s AD 119 )
( -0,5° VKI M 138 s AD 141 )
( : )

The three-dimensional adaptation method theoretically
supplies the optimgi\shape of the walls from the first
calculation, ghatever the initial position of the flexible

W‘-&*ﬂ _‘T

sheats. were done in this respect for the following
configurations:
Mo
( s )
( & . 0,7 : 0,8 )
(.&!Sp'ﬂ-\/ - : )
( : )
( +1,5° : AD 127 (1) )
( : AD 128 (2) )
( s AD 129 (3) )
( : )
( : )
( 0° AD 115 (1) : AD 118 (1) )
( AD 116 (2) : AD 119 (2) )
( : )
( : )
( -0,5° : AD 140 (1) )
; ( : AD 141 (2) )
: ( : )

The figure in parentheses after the file number indicates the
prder of the iteration; the wall-positioning file thus results
rom calculation of the preceding test. (Iteration (0) is the
est done with rectilinear.walls.)
. ! f ‘/
We also verified that the tests called "two-dimensional AD 7 ;
pdaptation® converged rapidly, as is the case for the profile 20 ”mﬂﬁ[
ests; it is sufficient £GEEhat to compare the wall positionsof

15
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/P‘D 'A)f’OJM’TL)/{ /“{,u/'ww—'(' Aumn)
S’JZ“Q "t
the 3rd and 4th iterations, during the same gust; the two
positions are always close. 1In general, the beginning shape
B -hosen is near the adapted shape, but we have tested this
convergence in the two particular cases when the beginning shape
Mwas far from the adapted shape. .E-S begi q aﬁ ch se
§aD 4: peeft%n’ walls diverge ka
| J 4. te & p— CbeJ
symmetrital. Mjmmixuucr Mg . ‘ﬁm £ uy taxg

/15
Configuration: Mo = 0.7 ®& = +1.5° File AD 130 (1)
Configuration: Mo = 0.8 & = 0° File AD 133 (1)

followed by File AD 134 (2)

Comparisons were made between the various wall positions;
hey are noted: '
skraaid
- "Non," for divergent rectilinear walls
- "2D," for two-dimensional adaptation done with the PARCS
program '
- "34," for positioning of the walls in the shape
calculated by the VKI 43 or VKI M program

It was decided to do systematic tests for the three cases
f "adaptation," the non-adapted case serving as a basis for
hree-dimensional calculation (any wall shape will work); this
ase can also Eerve as a basis for complete flow calculations,

ecause here the limit condltlons a.e particularly simple. The

wo-dimensional adaptation, the subject of the
tudy, was systematlcally tested to use as a comparison with the

ssumed optlmai shape.

Finally, four configurations for three cases of adaptation,
eproduced three times to have e velocity field on all of the
ing, were tested; these 36 guseshmake up the systematic tests
isted in figure 26a.

16




5 - CONTROL TESTS

We will not present all the tests done, but only a
selection of cases judged most interesting, since the goal of
this series Is not to evaluate the AS 07 wing.

Cw fﬁ 3&7\" ~2Q ¢ ?\cv'wd,t 'f{v kil&au) la R (7[& |

5.1 Anglimg by wall rotation

Of the five configurations tested (pa#agfaph 4), three
are presented. The first corresponds to Mo = 0.6 and & = +2°
for reétilinéar walls (figure 14); this is the configuration

w
which obliged us to use this i . as the three-dimensional
case could not be tested.

Figure 15 shows the comparison of Mach numbers on the
walls and on the wing, for an aerodynamic incidence equal to 0°
and a Mach number equal to 0.8, in the case of feetéiiaea;svwi§é
walls. Figure 16 presents theagfme configurations but for wall
shapes coming respectively fromycalculations VKI 43 and VKI M.

327 ' :

Juebly
The results pfkfigures 14 and 15 show,that the high
Mach case is the most §2é32§2§§é, but thefgbz§:£§ghéeaeekof the

tests remains good. Figure 16 shows that the VKI M calculation
[ LoV, Y

makes perfect allowance for tetal rotation.

| .

[, . ye .

It is thus possible to display a model incidence /16

different from that desired and to compensate by rotating the
walls.

Adoghabon

5.2 AConvergence

5.2.1 Three-dimensional adaptation

everal calculations for optimization of wall
Shape were/eennected-for one configuration. The last test is
always recalculated, leading to a wall shape which by definition

, ' 17




ill not be used, but which will in fact constitute an
dditional iteration.

Of the four tested cases, two are presented in
igures 17 and 18; the first (Mo = 0.7 and = 0°) shows that
he adapted shape is practically obtained from the first
iteration; in the second case--much more difficult (Mo = 0.8
nd o = +2°)--it is necessary to wait for the second ] .Q L _ﬂq ?7
alculation. This second case corresponds to a—freely (:> &
upersonic regime of the wing which will not be studied

ystematically herein.

5.2.2 Two-dimensional adaptation

In all tests done, the 3rd iteration is always
Gl o,
dentical to the 4th and last iteration of the gust, even when
he upper and lower walls have been prepositioned in a shape
ery different from the "adapted" shape. This is the case shown
n figure 19 corresponding to Mo = 0.8 and & = 0°.

To confirm the validity of this statement, a
econd test was done, positioning the flexible éﬁégzs on—théfg
recé?ing shapey the values obtained can thus be considered to
orrespond to the 4th, 5th, 6th, and 7th iterations of the test;
hey are all identical (figure 20), which confirms that the
onvergence waséwell obtained.

5.3 Non/2-D/3-D comparison.

Two cases are presented here, one of which is not part
f the systematic tests:

- MO = 007 “ = 0(.
- Mo = 0.8 o

]
(=]
S
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%\w VW"". o .
The ,observed following theptypes of "adaptation"

become more significant as lift amd,Mach number Upstream-
increase. The adaptation called "two-dimensional” gives results
nearer to the non-adapted case; in fact, everything happens as
if the aerodynamic incidence of the two~dimensional case were
igher than that of the tests with a wThl shape adapted in three
strapht I
_ alls lead to a

igher effective Mach number upstream (blockage effect).

In the first case'!(figure 21}, the are moderate;

hey are more significant,éin the second case (figure 22).! Q‘
bservation of the 2

imensions. On the other hand,’/r

n120f the walkls leaving the eeﬁveréent cmﬁch&g,
figure 21) shows that,effectively,the direction of the flow L
pstream is no longer horizontal in the "2-D" case, unlike the

3-D" case; the angular reference was %}ven by the "non-adapted"

ase. The effect produced is ine “*“,;'"9 because we /117
reviously demonstrated that rotation of the wallsasSembly-

odified the aerodynamic incidence of the model; however, this

YA Owrer
s not sufficient to prove thai the 2-D case is erroeneeus,
L 7N

ecause the direction of the é%rfég£?lines in ua%im#fi&%k&i—i -
i tﬁﬁot known. We ﬁﬁi@“?féﬁ‘%he very different shapgg“» L“”&g&”
Pf the walls downstream; they go downward for the "3-D" cases,
hich is logical allowing for the chosen schematization
orseshoe vortex) and the calculation made (in the plane of
mmetry). But once more, that does not prove that the shape
btained is optimum.
;'f

Finally, one can obsefve on the last figure (23) that
e effectf;¥5§§;;§;5;&ﬁodifying the shape of the walls is not
nstant across the wingspan. This was predictable due to the
rking section geometry itself, allowing for twist of the wing
d for three-dimensional effects. ’



5.4 Visualizations fgo,,UJ

Foritix:ﬁe configurations, oilAvisualizations were done
on the left%e‘er of the working section, giving the direction of
the e&&-pgﬁgzlines 55.4 mm from the end of the wing. Reference
marks were made,‘ making it possible to locate the positions

stee ] . . .
relative to the euﬁgg\&—zlmes and to measure their deviations.

< §56 mm b:f 29¢ m —
!
[
' Wind
+é00 +4o - ! -2 ‘o
SO SRR St __zf_o ———. L <
wbﬁ'klﬂ‘,b ]
56(-‘00(1 ) .
Ave !
| |
| L.
I fPonthole

Neude

The end of the wing is located between the abscissas
91.06 mm and 135.86 mm from the porthole (figure 6) and very
near to the section axis (function of the incidence).

The maximum deviations noticed are located on thej’.&&‘
section axis slightly behind the tip of the wing (figures 24,
25, and 26).E

( o : 1)
( Mo : o Walls H fS max )
z = >
C o6 ° 2 "Non-adapted'_'; (5%c....6% ; Figure 24
¢ : AD 4 ' )
( : : )
( 0.6 H *20 . H S°...--- °
( : 'Adapted 2-D ; ¢ ) ; Figure 25
g : : )
s : . )
E 0,6 & -2° ['Non-adapted™" ~0,5° ) Figure 26
( : AD 4 : )

20



1 asej of adaptation--"Non/2-D/3-D"--and their influence on the

; The photoi taken from behind clearly show the 18
: 5 )
Peviations of the current-lines.

- SYSTEMATIC TESTS -

L

or the 36 gusts, that made up the systematic tests

SCecTrIoN

paragraph 4 and figure 26a), the following information is

.,iven: wall shape (figures 27 and 28), Mach numbers of the

hree rows of recorders on the adaptable walls {(fiqures 29, 30,
g1, and 32), Mach numbers of the left 1aterali§x& (figures 33,
84, 35, and 36) following the horizontal axis or the three
berticals, and finally spread of Kp on the AS 07 wing (figures
87 to 44).

Numerical values for these curves are given in the attached
est listings. File numbers corresponding in chronological
brder to the experiments were kept in the interests of clarity.

Here will be found a systematic comparison of the three

were seen in

. . . T he .. -
istributions, whese principal characteristits

: ?g%fﬁf 5.3,

Finally,;integratioh of Kp for each section supplies local
ift coefficiént Cz. The values are tabulated in figure 45;
ey were traced along the wingspan of the various
onfigurations tested (figures 46 and 47). It is observed that
he internal wing changes less rapidly than the external wing
ith incidence (figure 46) or,Mach number upstEean (figure 47).

On the other hand, the%%é;:;:tween the "non-adapted” and

gadapted 3-D" cases increases with the lift.
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Local Czswere multiplied by the chord of the profile in the
R oction considered; the product Cz ° C represents local /19
ontribution to wing lift. The values obtained were traced in
his representation (figures 48 and 49); this weighting modifies
he appearance of the curves ("elliptic" distribution plane),

but the observed tendencies are the same.

Finally, integration of the curves in this last
epresentation supplies the overall lift coefficient of the
ing, which was reported as a function of incidence (figure
‘JO)° Ve have‘also reported the 1lift me@ifﬁiq during the
Sreceding series [1],'3@%@ between reeg+&§§ea; walls for a Mach
Bumber upstream of 0.47. The effect of compressibility is felt
ore as supersonic zones develop on the wing.

- CONCLUSION

This series of tests on the AS 07 wing is registered as a
$tudy on three-dimensional adaptation of the T2 wind tunnel. It
ses the two flexible walls to minimize residual corrections in
Bhe presence of a three-dimensional model. It implements the

e eepresentahon 2 :

. Wedemeyer and L. Lamarche" method where of
Bhe model by a distribution of singularities adequately

epresents an axisymmetrical'gzﬁy. EXttiB? agizz*zf these
gethods in the ,case of a half-wing -ﬂﬁﬂﬁrpas no ultimate
aoal; it serves merely as a preliminary phase, to observe the
Bhfluence of wall shape ¥R various sections of the wing, to
udy the convergence of the method, and to make adjustments

otation of walls, incidence, etc.).
On the other hand, these experiments can serve as a basis

.;Or calculating potential three-dimensional flow around, the
gdel. Then, a three-dimensional ebjeet placed in the ;section
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ould be more el%@mﬁe—i—m; it would lead to

Rievelopment, as for axisymmetrical bodies, of a method of

! rdaptation minimizing the influence of the walls on the model.

At present, it is difficult to know if the shape called
adapted 3-D" is nearer to the values of imi g ‘7 ’é 3

han the shape "adapted 2-D," but it is definitely not the

i.ptimum shape. /£¢Vﬂ\iakﬁ,
The tests will mex.t/\be\_ce.mpl—eteé by~ directignal Iimit,layer
MZ s-r\ka'\ ATy

-dadings<on the lateral wall a-t—-the level of~the—end—of the
1ngt‘o The direction of the c-u:-:—egt‘)lmes in this area will be
pn important element in the reality-calculation comparisons

- r———
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