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Mr. Yukihiro Igeta, Matr. no. A4877
-TOPIC
Construction and Test of Flexible Walls for the Throat
of the ILR High-Speed Wind Tunnel
Abstract

Aerodynamic tests in wind tunnels are jeopardized by the
lateral limitations of the throat. This influence increases with
increasing size of the model with respect to the cross-section of
the throat. Wall interferences of this type can be prevented
by shaping the wall as a stream surface identical to the one
observed during free flight. To solve this problem, flexible
wind-tunnel walls are needed which can assume any contour of surface:
flow.

Literature:

1. Goodyer, M.J.: "A low speed self streamlining wind tunnel.
Windtunnel design and testing techniques." AGARD-CP-174, 1975.

2. Chevallier, J.P.: Parois autocorrectrives pour soufflerie

transsonique [Self-correcting walls for a transsonic wind tunnel]
12éme Colloque d'aérodynamique appliquée. ENSMA/CEAT Poitiers
Nov. 5-7, 1975.

Problem Statement:

Within the frame of this study, a windtunnel throat is to be
designed for the installation of flexible walls. The starting point
for the design is an existing throat of the ILR. The design drawings

are to be prepared according to workshop specifications.

For the flexible walls of the throat including the pertinent

adjusting mechanisms, a preliminary design shall be produced.

*Numbers in the margin refer to pagination in the foreign language

document.
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The proposal can be based on the theoretically determined flow-
line profiles for a NACA 0012 airfoil, which give an idea of the

wall deflections and curvatures expected in practice.

Based on the preliminary design, a model shall be prepared
for testing of various wall materials and of the adjusting mechanism.
This testing shall determine the anticipated adjusting tolerances
for various numbers of adjusting elements and shall show which

arrangement proves to be most favorable.

Based on the experiences gained in this test series, a
proposal shall be made for the final design of the flexible

windtunnel walls.

Prof. Uwe Ganzer, Ph.D.

Institut fuer Luft- und Raumfahrt (ILR)
Technische Universitaet, Berlin
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Construction and Test of Flexible Walls for the
Throat of the ILR High-Speed Wind Tunnel

Yukihiro Igeta

Institute for Aerodynamics and Aeronautics
Technical Unviersity
Berlin, West Germany

1. Introduction

Aerodynamic investigations in wind tunnels are jeopardized
due to the limited expansion of the air stream. & rigid throat
causes the flow lines to be compressed about the model. However,
free-flowing edges cause an expansion of the flow lines. This
effect on the flow field leads to a falsification of measured

results in the windtunnel.

In the case of fixed windtunnel walls, a wall interference
can only be prevented when the throat walls are far enough away
from the model that the disturbance of the flow caused by the
model has diminished before reaching the wall. This requires

large windtunnels whose energy consumption is inordinately high.

Another solution is a throat with flexible walls, where
the throat walls have precisely the shape of the flow surface,
which would be present at this point in a flow field of infinite

size.

Chevallier [1] and Goodyer [2] have successfully used such
throats with flexible walls for two-dimensional flow studies.
The result shows a good approximation of the pressure distribution

of anairfoil to that of the interference-free case.

In this study, a windtunnel throat with flexible wall is to
be proposed. In order to do this, various wall materials will be
tested and the adjusting mechanism and its location will be tested

in a separate test set-up.
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2. Windtunnel Throat
2.1 Selection of Materials

The starting point for the design of the windtunnel throat
was the dimension of the throat of the ILR high-speed windtunnel:

Height: h = 156 mm
Width: b = 150 mm
Length: 1 = 700 mm

For reasons of weight saving and easy manipulation, the
aluminum alloy type AlCuMg was selected as material; this material

is also used in aircraft construction.

The specific weight ¥* alone is not determinative for the
total weight. The permissible stresses and the elasticity modulus
of the material are primarily responsible in this case. They are

related by a characteristic factor K.

The components of the housing are subjected to bending stress
due to the underpressure in the throat. The factor for parts sub-
jected to bending stress, measured with respect to load capacity
(Kp) and rigidity of shape (Kp) are [3]:

¥
{p = jro=s IGs = S
/ T Wit / 5

For aluminum alloy, it follows:

Ir
-3 |/N .
KT::14,7-1O,E——ﬁ and KF:1'0.10’

cm?
ith N
wi ¥ =0,027 ’fA,—?—z
E = 700 cin:
N

For steel (construction steel St42) we have:

3
_ W N
Kp= 42,3 10 30 and  kL=1,710 4 5




with ¥ =0,078 —hm

E = 2100 —CNﬁ;

= 297 7%%‘

The values for aluminum alloy are clearly lower.
2.2 Design of the Throat Housing

The throat housing consists in principle of 6 main parts:
2 side walls

cover plate

base plate

nozzle flange

e

diffusor flange

These parts are screwed together into a throat housing and
sealant is applied to the joints (fig.1l). The two flexible walls
are installed into the housing as upper and lower throat limiters.
The two spaces resulting above and below the flexible walls are
connected with the throat. Thus, the same static pressure results
in the two spaces as in the throat flow. The flexible walls and
their adjusting parts are thus not under stress and this is in-
tended to prevent sagging of the flexible walls between the indiv-

idual adjusting parts.

A view window of acrylic glass (polymethacrylic acid methyl
ester) is installed in a side wall to permit observation of the
deformation of the flexible walls. The opposite side wall has a

circular disc for holding the airfoil.

The airfoil NACA 0012 is screwed eccentrically to the disc by
two bolts. The radius of the circular disc is sized so that during
a change in setting angle, a vertical shift of the airfoil occurs
simultaneously from the throat midline. This assures that the /5

stagnation flow line is found in the middle of the upper and lower

flexible wall in an adjusting-angle range of about -15° to-150 (fig. 1).
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. ox >0°
Figure 1. Key: 1-flexible wall

2.3 Calculation of the Housing Stress

The throat housing is stressed by the underpressure in the
throat. The calculation of the static pressure in the flow results

from the equation for a compressible, frictionless flow:

-’i=[/-+ -xT-"M’_]aéi

70
With the blower-stream mach number of Mmax= 0.9 and %=1.4 for
. . P
air, we have: = - 75
» 92

I%=10332&591o1,4.uf14 in an ICAO standard atmosphere at

md = m

H=0Om and T=288K
=> ﬂ=6605'103';‘44

From the external pressure Po=101.4. 103£% and the static pressure
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in the housing, there results the pressure difference AP

AP=P, -5=1014-10% 66,5 10" %
A P=35-107 X

2.4 Determination of the Housing-plate Thickness

The thickness of the housing plate must be sufficient so that
the plate undergoes the smallest possible deformation under load
A maximum wall deformation of 0.1 mm - 0.2 mm would not affect

the flow quality in the throat

For a determination of this thickness, the solution to the

plate equation for freely-rotating, universally supported plates
[4] was used.

From: 9w o'w v _ ~
5 + 2 Bfaf + 2y% K
Aaw =%

there follows the sag for a uniformly-distributed full load

d’i dnb
= K 71’5 Z n® { 2tosh dnb [('2+ igh :

2

- cosh dn] - o(,,] sinh oﬂn]' ]} Sin &n-X

with: n=4,3, 5§ -
1\

k= £
T 72 (1)

i

y

T O = T
-0

i

p:surface-area load AP
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This series converges very quickly (n=1). For the plate

midpoint x = % a, y=0, we have:

l{;

W, ='_Jgg Wb L T8 ﬂb }‘ N

i K< {{ 2:3} "b (2 ‘l ) (1.1) %

.Solved for the plate thickness: ‘~§
‘ 3

8 pal (1= 4 3

hP= 222 1- — (24 2y T

E 7% Wmax { 2 cosh -T-,a—b- 8 } 4‘

4

&

With the dimensions of the side wall: a = 400 mm; b = 650 mm,
the value of the E-modulus and the transverse contraction ratio:

2 et

.
EXIN

E=72-10> 2 j
A=0,34 3
we have the plate height h = 22 mm, where Woax = 0.1 mm was used :

for the maximum sag.

A plate thickness of 20 mm was selected. The calculation with

s

this plate thickness gives a max. sag of Woax = 0.14 mm. This /8

value is not attained in practice since the plate is stressed in
the housing on all sides. For example, the ratio of the sag of

fixed beam to hinged beam is:

We.
fixed -~ 0.25

]hinged )

SR Y L AL Y

!
:
¢
!

and that of fixed to hinged quadratic plates is:

W,
fixed - 0.3

”hinged

2.5 Rough Calculations of the Load Capacity of the Components
The rough calculations of the load capacity of the individual
“components is done without formation of comparison stresses--for .

the sake of simplicity--by means of which the multiaxis stwness

state is converted back into a monoaxis one.




2.5.1 Side Wall

The greatest bending moment in the middle of the plate is
computed from the equation for freely-rotating rectangular plates:

4, n n
m, = /JaZ [/_ hd"b(z o{zbi&hdb)j

2
(1.2)
" a
For n=1 = n, =52 N

n 3 mx,=-26,6n
n=5 Dy, = 5,8N
n=7197 Ryq = -2, 1N
n=29 m‘,- 1,0N
n =11 my .= -0,6N

41

m'nna—'me‘ qﬁj,sm SOON
i=1
From the equations

_ E-z dw " D

O = - 72 <a4‘ i 3)">

aa.w aaw
mx’:_K ox* + M ajl)
the stress Gx can be computed:
m
6; = -12——-—5——"2 (1.3)

/'3
During bending, the max. stresses occur on the edge zones;
with a plate thickness of h=20 mm, we have z = + 10 mm. When

substituted into the above equation:

= G = 7.5 X%

mm?
The elastic limit of aluminum alloy lies about at GngSOﬁé, The
maximum stress on the stressed plate is very much smaller than the

elastic limit: Conae < 6%, 2
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2.5.2 View Window

The maximum sag for the acrylic glass window results from
equation (1.1):
W= 0.9 nm with &=310mm
b=510mm
#=0,35 N
E=4-10° 7=
h=20mm
By gluing on two strips of acrylic glass (size: 10mm x 20mm),
the view window was reinforced and divided. The sag in the middle
of the window is thus decreased considerably. From the equation
for a fixed, square plate, we then have the maximum sag of
w=0,00127-f%f, Woax = 0-14 mm; with a=b=310 mm.
The airfoil fixed in the middle of the throat forms an addi-

tional support for the view window.

The max. bending moment on the plate without acrylic strips is

derived from equation (1.2).

For n=1 = m_=314 N
n=3 me, = =11,6N
ns=>5 Dy,=  2,5N
n =1 My, = -0, 9N

',-
Mopan = Z ani = 304' N
£nd

From equation (1.3) there results for the stress:

6 N

max mm?

= 4,6
The elastic limit for the acrylic glass has the value of about:

_ b N
6:;1— )O mm?

;
L
i

N




2.5.3 Cover and Base Plate

Calculatiors for the cowver and
a =150 mm, b = 650 mm, h = 20 mm;
the
for

As the ratio of b/a increases,
approaches the simple solution
ratio of b/a = 4.5, this result is
solution for plate strips fixed on

distributed full load runs:

base plates measuring:

b/a = 4.3.

solution of equation (1.0)
When the
The
both sides under uniformly-

the plate strips.
sufficiently accurate.

* . 3
£ a X x
wix) = 22 (1-8 = +.1 )
384K @ [ oa
For the max. sag, we have:
&
Wiay = W (X=0) = ra
384 K
W, o= 0,86-10—3111111, with E=72-103--/! and _~«=0,34

max
Bending moment:

Pal , X2

RS A N (R A I f A

n (x) ) (- 761 a*>

pa

My, = i(x-0)= 5
™ 32,8 N

Stress:

From (1.3) => Cmay = 0,5

Gm\x < 6\‘0.1

2.5.4 Circular Plate

Mm"

Calculations for the circular plate (airfoil mount):

The dimensions: @ = 2a; a =

160 mm; h = 20 mm.

Solution for a circular plate with a freely-rotating suspension

at the edge r=a under uniformly-distributed full load:




-

. - 7 S+ u 4 3+ a2 _a 7_‘*
W(ﬂ"é‘fK(f-r/a 2 -l+/«ar+ . )
For the greatest sag, we have: A
Wog = W (T=0) = SE4 ~&
144 4K
) 3
W .y = 0.026 mm, with ]-::72.10”.":‘".'.a and 4 =0,34.
The bending moment from:
]
m = ra
Mag (3"7‘) ’6

.= 56 N

The stréss from (1.3):

=> Grax = 0,84 ’;‘ﬁ‘:‘
m

Coux < G,z

The greatest stresses occurring in the individual components are
very much smaller than the elastic limit of the material.

The design drawings for the throat are found in the -appendix

(figures 2 to 10).

3. The Flexible Walls of the Throat
3.1 Flow Profile of the NACA 0012 Airfoil

Theoretically determined flow-line profiles for a NACA 0012
airfoil were taken as a basis for the design of the wall-adjusting

mechanism and its distribution along the throat.

With an existing computer program, based on the panel method
[5], flow-line profiles with 0°, 6° and 10° ad justment angle of
the airfoil, were produced for the deflection range of the flexible
walls between adjusted angles of 0° and 10° (fig. 11 to 13). The
deflection of the wall flow-line in all three figures is about
x/c = 0.3. For an investigation of the wall deformation, the flow

lines of the airfoil with an adjusted angle of 10° were selected,



since these lines have the greatest curvature of the three settings
(fig. 21).

The flow-file prof:i- was enlarged to a 1:1 scale (profile
length: 100 mm), in order tc be able to measure the contour more

72 TiPrar

accurately. To compute the slope and curvature of the flow-line

FRY N S
PO IR

contour, it was simulated by a spline function formed from 17
support points (table 1). The profile of the contour (f(x)), the
slope (f'(x)) and the curvature (k=f"/(1+f'2)3/2
fig. 14, since fgi(x)lgo it follows kef''(x) ).

are shown in

3.2 Number and Location of Wall Supports

1 . - . ‘ 1.
AR et e Aot L,

With increasing number of wall adjusting parts, the deviation
of the flexible wall becomes smaller compared to the flow-line

contour. The arrangement of wall adjusting parts must be selected

TR S-S

so that a good approximation of the wall contour to the flow-line

shape is assured with a small number of adjusting parts.

An adjusting part (5) was provided at the point of greatest
deflection x/c = 0.35, so that the flexible wall attains the
greatest-possible deflection of the flow line.

The environ of the inflection point (y' = const.) can be /14
approximated by straight lines. In order to obtain these lines,
ad justing parts are needed at their end points (adjusting parts
2, 3 and 6, 7 in fig. 15). An adjusting part (1) was attached at

x/c = -1.65, since at this point the curvature changes. The
large difference in curvature at the adjusting parts (3) and (5)
which are 70 mm apart, was bridged by an adjusting part (4) at

; x/c = 0.05. Between the adjusting part (7) at x/c = 1.65 and (8)
~at x/c = 2.25, the slope of the flow-line curve is again constant.

This region can be approximated by a straight wall contour.

From this follows a number of 8 adjusting parts. Near the
airfoil where the largest curvature occurs, there are 4 adjusting
parts close together. Each pair of adjusting parts supports the



flexible wall before and behind the airfoil. The ratio of the
flexible wall length to the number of adjusting parts is 7.51 cm/
support. In the self-correcting windtunnel of M.J. Goodyer [2], the
ratio is 7.11 cm/support and of J.P. Chevallier [1], it is 6.88 cm/

support.

The irregular deviation of the computed slope and curvature

values of the flow line from the actual flow line, is explained

by the following reasons:

1.

2.

3.

are

3.3

The input data for the support points of the spline function
contain inaccuracies due to the computation.

The overshoot of .spline curve is possible from the flow
line between the support points.

These errors are additive when taking the derivatives.

The qualitative profile of the wall curve and its derivatives

shown in fig. 14.
Wall Materials for the Flexible Wall

As wall material, plastic was chosen for its elasticity, flex-

ibility and good damping properties. But the material must have a
certain stiffness so that the wall will not bend due to the result-
ing pressure difference between its upper and lower sides (especially
near the airfoil) and due to its own weight between the supports.

Three commercial thermoplastics came into consideration:
Polyvinylchloride (PVC)

Polycarbonate (PC; trade name: Macrolon)
Polymethylmethacrylate (PMMA; trade name: Plexiglas)

In the table below, the mechanical properties of these plastics

are presented [6]:



PHMMA PC PVC-hart

Zugfes tl["cJt[cm 1100 (-40C)| 800 (-40t) | 500-650
800 (+23C)| 600 (+20C)

ReiBdehnung; [o/v) 5 -6 80 - 110 20 - 50
E-Modul  [Li 33000 20-22-10' | 30-34-10’

. . [kp
Blegefestlbk.[ch 1400

k

Grenz - n - ag] 900 750-110C
Schlag- ~ [emkp) 12 (20C) |ohne (20C) | ohne
zihigkeit ©emd 4 o 90 (-60C)|Br. (-100) | Bruch
Xerbschlag- [cmkn] ca 2 20-30{+20C) | 2-3(+z20c)
zdhigkeit 1 cn 10-15{-40c) | 2-2,5(-20C}

Kriechmodul b.23C | 1h:290C0 1h:20000 1h: 32000
(Prurspann.zoolc‘-g) 100h:25000 | 100h: 18000 100h: 30000

Key: 1l-tensile strength 2-elongation at break 3-E-modulus
4-bending resistance 5-strength limit 6-impact re51stance
7-notched-bead resistance 8-creep modulus at 23 °C (test
stress 200 kp|lcm) 9-no break

PMMA: Hard, stiff, does not fragment on break. Good tensile,
compression and tensile strength and low deformation, generally
scratch-resistant.

PVC-hard: Hard, stiff, may chip (impact resistant PVC types are
less sensitive), high strength. Brittle at -5 °c, impact-
resistant types to -25 °C.

PC: High strength and high hardness with good toughness; very
good shape retention with low temperature dependence up to
140 °c. Good impact resistance. Favorable creep strength
over time, even at high temperatures. Brittle below -190 °c(7].

The flexible wall will be installed into a throat where the
temperature varies, depending on mach number, between the outside
temperature (at M = 0) and -25 °C (at M = 0.9). It is expected
that another temperature will prevail on the flow side of the flex-

ible wall due to the presence of the boundary layer, than that on
the side turned toward the adjusting mechanism. The plastic
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""polycarbonate'" has good mechanical properties even at low tempera-
tures.

With the equations for hinged beams with single load:
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For the three plastics (PMMA, PC, PVC) with the samc¢ Gimensions,
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Substituted for the three plastic's tensile strength and E-modulus:
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Polycarbonate has the largest sag value. PC has the greatest
flexure of the three wall materials.
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In order to keep the load on the wall-adjusting parts as small
as possible during the deformation of the wall, but also to have

e

A
t 3
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a certain wall stiffness, a wall thickness of 2 mm was selected for
the test set-up.




3.4 WYall Adjusting Mechanism

The flexible wall is first provided manually with a spindle.
The adjusting mechanism is shown in fig. 16. A grooved ball bear-
ing of small size is used to absorb the rotary motion of the
spindle, because the force generated by the deformation of the wall
is very small (max. 100 N).

The 2 articulated joints one above the other are needed
in order to offset the shift of the wall suspension-point during
wall deformation and at the same time, to permit a variable wall

slope at this point.
3.5 Test Set-up for the Flexible Wall

A test set-up was prepared with 4 adjusting parts (fig. 17)
in order to test the adjusting mechanism and to investigate the
deviation of the wall contour from the flow line with this reduced

number of adjusting elements.

A half-frame of plywood was used as support for the flexible
wall. The fixed bearing of the wall is illustrated in fig. 18,
whereas fig. 19 shows the shifting bearing of the wall on the

diffusor side.
3.6 Measurement of Wall Contour Deviation

From the profile of flow lines at the positions of the adjust-
ing parts, the particular deflection was determined and adjusted on
the wall. On the mid-line of the deformed wall the wall deflection
was measured by a dial gauge at 19 points and compared with the
flow line contour. Figure 20 shows the used combinations of number
and location of adjusting elements. In these tests, only the com-
binations were selected with which the greatest deflection of the
flow line contour was attained. In this manner the number of meas-
urements was reduced. The deviations of the wall contour from the

flow-line contour are shown in figures 22 to 25.

wles e
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3.7 Evaluation of the Measured Results

To determine the adjusting tolerances of flexible walls, we
investigated a wall with 4 adjusting parts as an- example. The
investigation should show what number and location of adjusting
elements are needed in order not to exceed a specific wall adjusting

tolerance.

The evaluation of the measured results shows that for a
wall-contour setting, an adjusting-element arrangement can be found
so that a specified, small wall deviation is attained with a minimum
of adjusting parts. For example, it is possible to obtain a
smaller deviation of the wall contour with two favorably-located
adjusting parts, than with three or four adjusting parts. But if
the best arrangement of the adjusting parts is selected, then
with increasing numbers of adjusting elements, smaller wall-

ad justing tolerances result (fig. 26).

The smallest measured wall-contour deviation with four
ad justing parts, shown in fig. 26, is larger than those with two
and three adjusting parts. The reason for this lies in the selection
of the location of the adjusting elements made at the beginning of
the test. Through the addition of an additional adjusting element

2 at x/c = -1.15 to the combination F with three adjusting parts
4, 5 and 6 (fig. 25), the value of the smallest wall-adjusting
tolerance would be reduced with four adjusting parts to |ayl| = 0.3

mm (>-symbol in fig. 26).

The measured results (fig. 22-25) show that the front part of
the flow-line contour (y'>0) can also be approximated sufficiently
by the wall without intermediate support (|Ay|<0.7 mm). The front
region of the flow line contour has a constant curvature and slope,
in contrast to the rear region. For this reason, the wall-adjusting
tolerance in the front region is less with a smaller number of

ad justing parts.



A deviation in wall contour with 8 adjusting parts can be
estimated through combination of curves A and B in fig. 22. In
the region of adjusting parts 4 and 5 however, the estimation is
inaccurate due to the combination of the two curves. On the other
hand, the error due to the closgzly-packed adjusting parts cannot
become large. Over the entire wall length, the max. wall-contour
deviation is |oy] = 0.2 mm). This error is on the same order
as that of the material production tolerances.

Thus with 8 adjusting elements, a good approximation of the
wall to the flow-line contour can be achieved with sufficient
wall stiffness. When reducing the number of adjusting elements,
the flexible wall must be reinforced in the flow.direction. But
this causes the adjusting forces to become 1argé'during the deforma-
tion of the wall.

In table 2 the measured results of three wall materials are
presented for the same number and arrangement of adjusting elements.
For a specified wall contour which is to be put in place by the
adjusting parts, the deformation of the flexible wall is independent
of the wall materials. The different elasticity modulus is expressed
only in different support forces for the adjusting parts. A com-
parison of measured values of the three wall materials PMMA, PC,

PVC confirms this theoretical state of affairs. The deviations

lie within the tolerance for wall production.

The manual adjusting mechanism can be taken over for future
applications, except for a few changes to the back wall-mount (fig.
27). A suggestion for a wall adjustment with an electric motor is
illustrated in fig. 28.

4. Summary

An aluminum alloy was selected for the throat structure in
order to save weight and to assure easy handling. The wall adjust-
ment can be observed through a large plexiglas window. The adjust-

ing-angle setting of the airfoil takes place via a circular disc

. P Yy XML 47 meen e e
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attached eccentrically to the profile.

For the wall deformation the investigation of the flow-line
profile of:a NACA 0012-airfoil gives an arrangement with 8 adjust-
ing parts. As wall material, the Polycarbonate plastic was chosen
due to its good mechanical properties and flexibility.

The measured results with 4 adjusting parts show that an
arrangement of adjusting elements can be found for a wall-contour
setting where a small wall deviation is attained with a minimum
number of adjusting parts. Through combination of two measured
curves each with 4 adjusting parts, a wall contour deviation with
8 adjusting elements can be estimated. The maximum deviztion
layl = 0.2 mm applies over the entire wall length. With & ad just-
ing elements, a good approximation of the wall to the flow-line
contour could be achieved with sufficient wall stiffness.

An investigation of the influence of the wall-contour deviation
* on the flow field will be left for the windtunnel testing.

18
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Figure 12: Test with NACA 0012 o= 6° Flow Lines
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Figure 13. Test with NACA 0012 o= 10° Flow Lines



do. ol

el

24

D L T UYL JOUS SO S

| -

Figure 14:

Wall Contour at = 10°

ey

M, SIS SR IR ORI IS

A TR S O,

W

e sy A Tt

~

1§ 45 K WS

<

e

<
PR

R
o

e

YA

L RUEEER




?I‘
b
i
1
i
|

]
f

‘o P
E I Rt R A :
0 L LS SO,
’ Hg // e Wl .. K

KT e ST S

. Vers

Figure 15: Position of Adjusting Elements

Key: 1-adjusting elements



1Spindel ' 2 Deckplatten
(Schichtholz)

]
|1

0 ///{ | h/////%
NN INNSNN

Y.

g
| VE
E
i
E

/

5
£ Boppelge/enk 4Ciue/'versz‘eifun.c] flex. Wand

Fig. 16: Adjusting Mechanism

Key: l-spindle 2-cover plates (plywood) 3-articulated joint
4-cross reinforcement 5-flexible wall




—r—— — -

Figure 17:

Test Set-up

AN T

ok et b

~ -t

Al

.



o o ) |
! ] 1 | i
AN Y S — N - A < o 3
e

i : : i

2 ' _‘___~’//~’) b

A_ 1

i

i

i

A

l

}

|

. H

Cross—-section A-A' %

4

S
\f/ex. Wanld

Diusenflansch

Fig. 18: Front Vall Reinforcement

Key: 1-flexible wall 2-nozzle flange




I ol e AL 5 Ly o .

e
Bunaynypudig § *z\/\ (\_
\\‘_ ’ \ puoy @ﬂx % B e =S 80
. ‘X3 i AR —T
¢ " 2 NN\ Q%\ ) Zin S &
\ . & -
Z1_ / N H
/| o
= .,m
—_ : p
/| > 7
o .H.I».,h_l I8 /..»
\ ——d o o=
g 3
/ £
Iy m [
y S 3
< Wn
/ =
3]
/ .. S
o~ T ; i
N s ¥ L_Ju = 83
< : o e e . Y
JosSNHIg " / /// / // J = n/__rM
/| _ : [T
| NN N =
A e N
o / “ 2
LHIISNVNILIZS ¢ . sr1ord / b
. o £ %
. #10] v\.quN rwwnbysig .m.w
T )
i N

Key:



e e i

2

—————

\

KOMBINATIONE N

3

-
-t

335 005 035 075

4 5 6 7

S U U A S

. -165 -115

Fig. 20:

Key; 1-flex. wall

Distribution of Adjustion Elements
2-distribution 3-combinations

2Yy ERTE I L UNG
Y ] 5 6 8
B 2 | 3 | 4 |
C 2 3 5
D 3 | 4 5 6 ]
E 2 5
5 | 4 5 6
G 3 5 6
H 2 o
/ 4 6
J 3 6
7, 5




07

|
I
I
[

l
|

[l

1Profil NACA 0012

St%‘omlinien in Hohe d. flex. Wdnden

Fig. 21: Test with NACA 0012 in the Windtunnel. Alpha = 10.0
Key: 1-NACA 0012 airfoil 2-flow lines at the level of the flex. walls

~ Mwa@-&&'ﬁn‘.{iﬁ&*%,.-,.wn O PR AU

B L Y Y R s TR P PR DR

- ® ks



1

:

Fig

22: Deviation of Wall Contour (4 adjusting

elements)




u:.;

il

..

1

. . .
: . H .
camtesesime s ek

Fig. 23: Deviation

of Wall Contour (1 and 4 adjusting elements)

5 2..! —— .l

e e scammeleiem e

H

o
v

Kty 4ese

S

b




v reemrolees

Lo

Fig. 24

[l H
1 '
| F e

i
BN FOR0 RIS

Deviation of Wall Contour (2 adjusting

elements)

Y



.

1}

N [
. '

. . [T

* . :

: . T
RO P

v
be mermecs . ‘

Fig

25: Deviation

of Wall Contour (3 adjusting elements)

o




sit.d.Veraiellteila)

0,35, 0,75
~1,65 =1,15
=1,15 =0,%%
-~u,p);' 0,05
=1,15.. 0,)5

~=0,35.70, 35""'

O 05.-0,7 .

0,35 -0,75 ]

HE ..
! L3N ST | .
DR e

"5. =1,15: 0,55

-—-o 357 -~0,‘75"‘-ﬁ—

1,65
QO,}S
0,35
0,35
1,65
~0;05 0,35 0,75 - .
0,757

2

<

~D

0,0%
1,65

075

H i .

. . .
H :
H . :
: : .
. . H
v
!
.

- —

v

Teet
.

11

-3

-
I,D)

G ST W A
1= nna_aﬁmadgw-pafts““
2-combination ti-.

‘PQSlt%On—Of—adeparts-

2,

T, uw'—1,15'—b,>5 0,05

‘
.
I
.

¢
i
i
H
i
H
!

E

26: Wall-adjustment Tolerance



S ho NN DISCHNITT A-B° ' T

S =

\
N

N,

RN N NN N N NN N

M ]
=§\ O v R
© N ;/ ey
| = 7/"" \flex Wand" /
_____ / g :
Y 1 / \\R\ / K’E// 5Diffusor'flan.sch -

Fig. 27: Rear, Modified Wall Attachment

Key: l-cover plate 2-side view 3-cross-section &4-flex. wall 5-diffusor flange

vy A s va i ) Arve o 2y b SN e v e eV e el WedE e RBM S emien RVt o Figuga s et



1
E-Getriebe-
motor
2LV 1 12W
.2 :
Rillenkugellager . ili 4 ,
{DIN 625, Kurzz. 627) AN ‘F&‘S—‘\‘v Gummilippe
Ll

e

’b-;J\\/

Mefistreckengehduse

4

o~

/]

2%

i@? 7
1 g
9

; -

Spindel
M10x1.0

N W

/,

/L

RN R

/2

L

/

/

(ISP

AR

Fig. 28: Electrical Adjusting Mechanism

Key: l-electrical geared motor 2-grooved ball bearing
housing &4-rubber lip 5-spindle
reinforcement

6-joint bolt

8-flex. wall 9-rubber lip

I IF«mwizzzf
- / =
e o s v
a 1.
6 \// // \\ 9 ////
Gelenkbolzen Querversteifung lexible Wand  Gummilippe

//"
/

Id

/

3-throat
7-cross-—



b

a

Stiitzstelle x/c Y

7 2.3 0.

2 -2.25 0.

3 ~1.65 .1.5

4 -1.25 4.

5 -0.85 7.

6 -0.45 10.

7 -0.05 12.75
8- 0.35 14.

9 0.75 12.5
10 1.15 9.75
1 1.55 7.
12 1.95 5.
13 2,75 3.
14 2.75 1.5
15 3,15 0.25
16 3.25 0.

3.3 0.

-
-~

:Table 1: Values input into the Spline Function Program

Key: a-support point
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[y

€Wanaausleniurz., (mm)

x/c PC PMMA PVC ‘max.Diff.
~2.25 0.00 0.00 0.00 0.00
-1.95 0.20 0.25 0.30 0.10
-1.65 1.50 1.50 1.55 0.05
-1.40 2.95 2.95 2.95 0.0C
~1.15 475 475 475 0.0
-0.75 8.00 8.10 7.95 0.15
-0.35 11.20 11.20  11.10 0.0
-0.15 12.45  12.40  12.35 0.10

0.05 13.40 13,35 13,35 0.05
n.20 13,80  13.80  13.80 0.00
0.35 14.00 14,00  14.00 0.00
0,55 1%.60 13,60 13.60 0.00
0.75 2,85 12,80 12,85 0.05
1.20 9.80 9.85 9.85 0.05
1.65 6.50 6.50 6.50 0.00
1.95 4.15 4.25 4.25 0.10
2.25 2.20 2.30 2.25 0.10
2.80 0.10 0.15 0.10 0.05
3.25 0.00 0.00 0.00 0.00

Table 2: Comparison of Wall Contour

Number of adjusting elements: 3

Arrangement: 2-5-7

Key: a-wall deflection
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-2 -2 j
x/c Y Y' (107°) Y" (107°) i
-2.25 0.000 0.128 3.831 ':
~1.95 0.389 2.482 4.200 3
~1.65 1.500 . 4.946 4.200 §
~1.4 2.962 6.605 0.673 ]
-1.15 4.730 7.410 0.520 :
-0.95 6.239 7.618 =1.198
-0.75 7.956 7.534 -0.181 s
-0.55 9.255 1,461 0.136 k
~0.35 10.741 T.338 ~2.141 3
-0.15 12,137 6.482 -6.377 f§
0.05 ~ 13.275 4.714 -7.663 F
0.2 13.829 2.543 ~12.770 E
0.35 14.000 ~0.394 ~11.068 ]
0.55 13.532 -4,018 -3.033 '%
0.75 12.500 -6.034 -3.033 o
0.96 11.142 -6.991 -0.140 ﬁ
1.2 9.303 ~7.340 0.818 t?
1.4% 7.786 ~6.675 5.567 ‘§
1.65 6.451 -5.188 1.174 %
1.95 .. 5.000 -4.905 -1.636 ’
2.25 3,476 ~4.942 4.657
2.53 2.277 ~3.777 0.997
. 2.8 1.342 -3.136 0.339
" 3.08 0.49 ~3.159 ~2.055 |
3.25 0.000 ~0.844 25.322 ;?

Table to fig. 14: Values computed with the Spline Function Program




a Wandauslenkung (mm)

X/c  soiLP Ssp Ddiff. CIst  aiff.
-2.25 0.00 0.00 0.00 Q.00  0.00
-1.95 0.25 -~ 0.10 =-0.15 0.25 0.00
-1.65 1.50 1.20 -0,30 1.45 -0.05
-1.40  3.00 2,45 -0.55 2.80 -0.20
-1.15  4.75 4.15 =0.60 4.50 -0.25
-0.75 ~1.75 7.35 -0.40 7.60 -0.15
-0.35 10.75 10.75 0.00 10.65 -0.10
-0.15 12.25 12.15 -0.10 11.95 -0.30

0.05 13.25 13.25 0.00 13.00 -0.25
0.20 13.75 13.80  0.05 13.60 -0.15
0.3% 14,00 14.00 0,00 14.00  0.00
0.55 13.50 13,45 ~0.05 13.90  0.40
0.75 12.50 12.50  0.00 13.50  1.00
1.20 9.50 9.35 ~0.05 11.25 1.75
1.65  6.50 6.45 -0.05 8.50 2.00
1.95 5.00 4.50 -0.50 6.40  1.40
2.25 3.50 2.85 -0.65 4.30 0.80
. 2.80  1.50 0.80 -0.70 1.50  0.00
T 3.25  0.00 0.00  0.00 0.00  0.00

Table to figures 22, 23: Deviation of Wall Contour

Wall material:

Number of adjusting elements: 4 and 1

Arrangement: 3-4-5-6 = D

PC

Key: a-wall deflection

b-theoretical

c-actual



aV¥andauslenkung (om)

A B

x/c sort® Crsr airr. s aifr.  cIst cdiff.
-2.25 0.00  0.00 0.00 0.00 0.0 ., 0.00 0.00
=1.95 0.25  0.20 0.05 0.25 0.00  0.20 -0.05
-1.65 1.50  1.55 0.05  1.50 0.00  1.55 0.05
-1.40 3.00 3.00 0.00 290 -0.10  2.95 -0.05
-1.15 4.75 4.9  0.15  4.75 0.00  4.75 0.00
-0.75 7.75 ~8.25 0.50 7.75 0,00  7.75 0.00
-0.35 10.75 11.45 0.70 10.75 0.00 10.75 0.00
-0.15 12.25 12,70 0.45 12.15 =0.10 12.10 -0.15
0.05 13.25 13.55 0.30 13,25 0.00 13.15 =0.10
0,20 13.75 13.90. 0.15 13.65 -0.10 13.70° -0.05
0.35 14,00 14,00 0.00 13.85 =-0.15 14,00 0.00
0.55 13.50  13.40 0,10 13.60 0.10 13.65 0.15
0.75 12.50 12,50 0.00 13,00 0,50 13.00 0.50
1.20 9.50  9.30 -0.20 10.65 1.15  9.85 0.35
1.65 6.50  6.50 0.00  8.00 1.50  6.50 0.00
1.95 5.00  4.85 -0.15  6.00 1.00  4.00 -1.00
2.25 3.50  3.50 0.00  4.20 0.70 2,00 -1.50
2.80, 1.50  1.35 =0.15  1.55 0.05 -0.05 -1.55
3.25° 0,00  0.00 0.00 0.00 0.00  0.00 0.0

Table to figures 22, 23:
Wall material: PC
Number of adjusting elements: 4

Arrangement: 5-6-7-8 = A; 1-2-3-4 = Bj 2-3-5-7 = C

Key

:a-wall deflection

Deviation of Wall Contour

b-theoretical c¢-actual
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a
Wandauslenkung (mm)
H I J
c c c
X/c SOLL IST dirf. IST diff. IST d4iff.

-2.25 0.00 0,00 0.00 0.00 0.00. 0.00 0.00

‘ -1.95 0.25 0.25 . 0.00 0.15 =0.10  0.20 -0.05
; -1.65 1.50 1.55 0.05 1.45 -0.05 1.50 0.00
. 21.40  3.00  3.00 0.00  2.90 -0.10  2.90 -0.10

-1.15 4.75 4.75 0.00 4.80 0.05  4.70 -0.05

-0.75 7.75 ~"17.75 0.00 8.10 0.35  7.80 0.05

-0.35 10.75 10.80 0.05 11.20 0.45 10.75 0.00

-0.15 12.25 12.05 -0.20 12.40 0.15 11.80 -0.45

0.05 13.25 13.10 -0.15 13.25 0.00 12.55 ~0.70

0.20 13.75 13.70 -0.05 13.55 -0.20 12.90 =-0.85

) 0,35 14.00 14.00 0,00 13.65 -0.3% 13,10 ~0.90
- 0.55 1%.50 13.80 0.%0 13.20 -0,30 12.90 -0.60
’ 0.75 12.50 13.40 0.90 12,50 0.00 12.50 0,00

1.20  9.50 11.10 1.60  9.75 0.25 10.25 0.75
1.65 6.50 8.40 1.90  7.00 0.50  7.70 1.20
1.95 5.00  6.25 1.25 5.00 0.060 5.75 0.75
2.25 3.50  4.25 0.75  3.25 -0.25  3.90 0.40
2.80, 1.50 1.50 0.00 0.95 -0.55 1.35 =0.15
3425 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00

Table to fig. 24: Deviation of Wall Contour
Wall material: PC
Number of adjusting elements: 2
Arrangement: 2-5 = H; 4-6 = I; 3-6 = J
t Key: a-wall deflection b-theoretical c-actual




- a Wandauslenkung {mm)
b c E c F
X/C  SOLL IsS? diff. IST diff. IST diff.

©

-2.25  0.00 0.00 0.00 0.00 0.00, 0.00 0,00

k ~1.95  0.25 0.20 .-0.05 0.15 -0.10 0.15 =0.,10
~1.65  1.50 1.50 0.00  1.35 -0.15  1.30 -0.20

: -1.40 3,00 2.95 -0.05 5.70 -0.30  2.60 -0.40
2115 475 475 0,00  4.45 -0.35 4,30 ~0.45
-0.75  7.75° "8.00 0.05  7.65 -0.10  7.40 -0.35
-0.35 10.75 11.20 0.45 10.90 0.15 10.75 0.00
-0.15  12.25 12.45 0.20 12,20 -0.05 12,20 ~-0.05
0.05 13.25 13.40 0.15 13.25 0.00 13.30 0.05
0.20 13,75 13.80 0.05 13,80 0.05 13.80 0,05
0.35 14,00 14.00 0.00 14.00 0.00 14,00 0,00
0.55 13,50 1%.60 0.10  13.45 -0.05 13.40 =0.10
0.75 12.50 12.85 0.35 12,50 0.00 12,50 0.00
.20 9.50 9.80 0.30  9.50 0.00 9,50 0.00
1.65  6.50 6.50 0.00  6.80 0.30  6.80 =-0.30
1.95 5.00 4.15 -0.85  4.95 -0.05  4.90 =0,10
2.25  3.50 2.20 -1.30  3.35 -0.15  3.40 =-0.10
2.80_  1.50 0.10 =1.40  1.15 =0.30  1.10 =0,40

- oy v =

3.25  0.00 0.00 0,00 0.00 0.00 0,00 0.00

Table to fig. 25: Deviation of Wall Contour
Wall material: PC

Number of adjusting elements: 3

Arrangement: 2-5-7 = E; 4-5-6 = F; 3-5-6 = G
Key: a-wall deflection b-theoretical c-actual
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