View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)


https://core.ac.uk/display/42883635?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

NASA CR-144979

e Rt

(NASA-CR-144679) EXPEFRIMENTAL INVESTIGATION N76-22158

OF WRLL SHCCK CANCELLATICON ANL REDUCTICN OF

WALL INTERFERENCE IN TRANSONIC TESTING

(General Applied Science labs., Inc.) 36 p Unclas
C3CL 013 G3/02 25365

HC $4.00

General Applied Science Laboratories inc.



NASA CR-144979

EXPERIMENTAL |RVESTIGATION OF WALL SHOCK
CANCELLATION AND REDUCTION OF VALL
INTERFERENCE IN TRANSONIC TESTING

By Antonio Ferri and Gerald Roffe

Prepared under Contract No. NAS1-13616

GENERAL APPLIED SCIENCE LABORATORIES, INC.
Merrick and Stewart Avenues
Westbury, New York 11530

for

NAT!ICONAL AERONAUTICS AND SPACE ADMINISTRATION



Iv.

TABLE OF CONTENTS

INTRODUCT I ON
INTERFERENCE CONTROL TECHNIQUE
APPARATUS AND PROCEDURES

EXPERIMENTAL RESULTS
BOW WAVE CANCELLATION
POROSiTY CONTROL

MACH NUMBER SENSITIVITY

DIFFUSION OF THREE-DIMENSIONAL WALL EFFECTS

CONCLUSONS

Page

10

17
18
22
24
24

29



FIG. 1.
Fic. 2.
Fig. 3.
FIG. 4.
FiG. 5.
FIG. 6.
Fig., 7.
FIG. 8.
FIG., 9.
FIG. t0.
FlG. 11,
FIG. 12.
Fie, 13.
FiG, 14.

LIST OF FIGURES

WAVE REFLECTION FROM A CORRUGATED SURFACE
MULTICHANNEL CORRUGATED WALL

WAVE REFLECTION FROM AN IRREGULAR SURFACE
WAVY WALL CORRUGATED SECTION '

DISPLACED ROD WALL SECTION

TRANSONIC TEST INSTALLATION

CRO5S SECTIONAL VIEW OF CORRUGATED WALL TEST
SECTION USED IN EXPERTMENTAL PROGRAM

PERFORATED WALL CORRUGATED TRANSONIC TEST SECTION

MODEL DETAILS (DIMENSIONS IN MILLIMETERS)
BASIC HOLE PATTERN ON POROUS PLATES
CALCULATED FREE FLIGHT FLOW FIELD

CALCULATED FREE FLIGHT PRESSURE AND STREAMLINE
INCLINATION AT INNER AND QUTER WALL RADIAL
STATIONS

MEASURED PRESSURE DISTRIBUTIONS ON MODEL AND
INNER AND OUTER TEST SECTION WALLS - UNIFORM
POROSITY

CHANGE N PRESSURE DISTRIBUTION PRODUCED BY
VARIABLE POROSITY WALLS

Page

11

12
13

th
16

19

20

21

23



e e pm ] .. HERE
LT AT o . S A T R R £ 2

o

LIST OF FIGURES (Continued)

Page

FIG. 15. EFFECT OF MACH NUMBER PERTURBATION ON MODEL
PRESSURE DISTRIBUTION 25

FIG. 16. EFFECT OF MACH NUMBER PERTURBATION ON MODEL
PRESSURE DISTRIBUTION 26

FIG. 17. MEASURED PRESSURE DISTRIBUTIONS FOR VARIOUS

MODEL ROTATIONAL POSITIONS 28



ABSTRACT

A series of experiments were performed to evaluate the effectiveness of
a three-dimensional land and groove wall geometry and a variable permeability
distribution to reduce the interference produced by the porous walls of a
supercritical transonic test section. The three-dimensional wall geometry was
found to diffuse the pressure perturbations caused by small local mismatches
in wall porosity permitting the use of a relatively coarse wall porosity con-
trol to reduce or eliminate wall interference effects. The wall porosity dis-
tribution required was found to be a sensitive function of Mach number re-
quiring that the Mach number repeatability characteristics of the test appara-
tus be quite good., The effectiveness of a variable porosity wall is greatest
in the upstream region of the test section where the pressure differences
across the wall are largest. An effective variable porosity wall in the down-
stream region of the test section requires the use of a slightly convergent

test section geometry.



REPR(
I. INTRODUCTION ORIGINAL Les-

In principle, the flow near the wall of a transonic test section can be
controlled by altering the local wall properties (permeability and/or shape
to eliminate wall interference (Reference 1). The concept, known as the
"intelligent wall', is based on measuring local flcw properties near the
wall, comparing them with those predicted for an interference-free flow
and correcting wall properties until differences between the actual and
interference-free flow disappear along the wall boundary. Although the con
cept applies to both subsonic and transonic flows, its application to the
latter is made difficult by the extreme sensitivity which Mach number, and

thus wave propagation angle, displays toward flow deflection disturbances.

In principle, any wave reaching a permeable test section wall can be
cancelled at the wall by selecting an appropriate local value of wall per-
meability. However, if the wall permeability is not properly matched to
the wave strength the wave will be reflected, either as a compression or
an expansion, depending upon the sign of the permeability mismatch. When
one considers the cancellation of a simple two-dimensional wave reaching a
wall, the problem is rather simple and requires only that the appropriate
value of wall permeability be selected. However, when one considers more
common situations such as the intersection of the bow wave of an axially

symmetric model with a wall, the problem becomes more complex. In this

)

case, the bow wave system consists of a shock followed by an isentropic com-

pression of nearly equal strength. If the wall permeability were to be
selected so as to cancel the reflection of the shock, the family of follow-
ing compression waves would be reflected as expansions, disturbing the
model flow field. |If the wall permeability were to be selected so as to
cancel the isentropic compression fan, the leading shock would reflect,

again causing a disturbance.

In general, there are two approaches to solving this problem: tailorin
the wall permeability distribution so as to exactly match the requirements
imposed by the intersecting flow field or selecting a uniform value of per-

meabi lity appropriate to the total strength of the distributed shock-

9



compression system. The mechanics of implementing the first approach are
made extremely complex by the fact that the bow wave system is a surface
which intersects the wal! along a curved line and small changes in test
section Mach number produce significant movement of the wall-wave inter-
section curve. The second approach is far simpler mechanically and must
eventually produce cancellation at large distances from the intersection
zone. However, close to the intersection region, the mismatch produces a
weakened shock followed by an expansion fan of the same family which prop-

agate into the flow field and can cause significant disturbances.

In the work reported here an alternate concept has been explored for
contralling the reflection of nonuniform wave systems from the permeable
walls of a transonic test section. Fundamental to this concept is the use
of a uniform wall permeability in the region of the bow wave system inter~
section in order to uvoid mechanical complexity. However, the flow field
disturbances normally associated with the local! mismatch of wall perme-
ability are rapidly cancelled by the use of a threé?dimensional wall geom-
etry which diffuses the wave system in the streamwise direction. The
technique permits introducing wall permeability corrections in a rafher
simple way without the need to produce extremely close-matching of stream-
wise gradients, as long as the average local permeability is correct,
Moreover, the method is applicable to adjusting flow field properties
throughout the test section and can be employed to allow Implementation of

the intelligent wall concept in a mechanically realistic way.

The details of this interference control scheme will be discussed in
the next section. A series of experiments have been conducted to determine
its effectiveness at supersonic free stream Mach numbers close to one. This

report describes these experiments, presents their detailed results and draws

conclusions regarding the applicability of the technique of three~dimensional

wall geometry and tailored wall porosity for minimizing wall interference

effects in transonic testing.
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Il. INTERFERENCE CONTROL TECHNIQUE

“he fundamentai mechanism used to control test section wall interference
is that of variable wall permeability, If a compression wave were to strike
a solid surface, the condition of flow tangency requires that it reflect as
a compression. |If, on the other hand, the compression wave were to strike a
free boundary, the condition of constant bov .dary pressure requires that it
reflect as an expansion. Clearly, by varying the wall permeability between
zero {solid wall) and one {open test section) one can always find a value for
which the wave reflection changes from compression to expansion at which point

the wave reflects as a Mach wave of zero strength,

For an ideal wall, the particular value of wall permeability required
for the zero reflection condition is not a function of the strength of the
wave. However, real walls display cross flow characteristics which vary with
. wave strength and type: As a result, achieving a zero reflection condition
in a real test seétion requires tailoring the wall permeabi[ity to * inter-
secting flow field. Since close tailoring is extremely difficult, s mechanism
must be employed to decrease the sensitivity to local permeability mismatches,
as long as the average permeability within a given region is correct. The
mechanism employed here consists of diffusing a concentrated wave system in
the streamwise direction by the use of a simple three-dimensional wall geometry.
To understand the functioning of this system, consider the solid corrugated
test section wall illustrated in Figure (1). For convenience, the inner and

outer wall surfaces will be referred to as lands and grooves, respectiveiy.

P NV .. WL, . N . N "W V. O, WO O
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Reflected
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FIGURE 1, WAVE REFLECTION FRCM A CORRUGATED SURFACE



A two-dimensional shock reaching the wall reflects from the inner or
land suifzce producing the expected two-dimensional pressure rise immediately
downstream of the intersection point. However, this results in a lateral
pressure gradient which turns the air toward the grooves, weakening the re-

flected shock. Reflection of the shock from the groove surface occurs fur-

ther downstream and is strengthened by the flow spiliage from the land surface

to produce the final expected two-dimensional pressure rise. The net result
is a geometric spreading of the two-dimensiunal pressure rise over a stream-
wise distance proportional to the depth of the grooves and a corresponding

decrease in the streamwise pressure gradient,

Since the pressure rise produced across a bow wave system is small at
transonic speeds, the use of a corrugated wall design can distribute the
pressure rise over a distance sufficient to produce gradients which are of
the same order as those encountered elsewhere in the flow. As a result,
graduaily distributerd variable porosity can be used to produce the correct
wall conditions, At the same time an average porosity value can be selected
using the same criteria used for the gradual pressure variations encountered

elsewhere in the f]ow.

The use of a three-dimensional wall geometry provides the possibility
of using wall corrections to eliminate wall interference in the presence of
shocks. Figure (2) illustrates a possible scheme for such an approach using
a corrugated wall made up of a series of parallel channels of unequal depth.

The flow field created by such a wall is illustrated schematically in Figure

(3).

The incident wave v strikes surfaces A, B and C at positions which are
displaced in the streamwise direction by an amount proportional to the dif-
ference in their radial positions. The wave is of a strength which causes a
flow deflection 8. The pressure perturbation immediately behind the reflec-
tion of the wave on surface A is proportional to 26, However; the pressure
at radial.station 8 adjoining this surface is still §, causing expansion
waves to propagate laterally inward lowering the pressure on A, turning the
flow outward to spill over onto surface B and weakening reflected wave Voo
The pressure increase on surface B is somewhat larger than that on A due to

the increased pressure caused by the initial spillover. However, the initial

-
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reflection from B is also weakened by the lateral expansion waves which re-
sult from the spillover onto C. The last channel, bounded by surface has
no spillover mechanism and so produces the maximum strength reflected wave
Wy However, as soon as Vg propagates above the channel it is weakened by

lateral expansion which strengihens wave w The net result of the process

3
3’ w'!{!
pressure perturbation of strength 25. However, the fairly slow rate at which

is a diffused set of reflected waves Vigy W which, In total, produce a
waves of the sane family intersect one another keeps the individual waves Trom
coalescing for a substantial distance and a gradual coxpansion of surface C can
completely cancel the reflected wave. Thus, the use of a three-dimensional
wal) geometry such as the corrugated design illustrated in Figure (2} produces
a distributed reflection which is well matched to the partial cancellation
characteristics of a porous (or slotted) wall and reduces the interfering ef-
fect of any uncancelled portion of the wave group which may reach the model.
The }imiting case of the multigroove wall is, of course, the laterally wavy
wall shown in Figure (4} which can be constructed using standard corrugated
sheeting. A wall constructed using alternate rows of rods such as that i1-

lustrated in Figure {5) is yet another embodiment of the same concept.

In addition to ite geometric diffusion produced by the purely inviscid
three-dimens inns) f]ow effects, the use of a three-dimensional wall geometry
can produce geometric diffusion of wall reflections by viscous effects as
well, In a real flow system, it is quite.difficu]t to achieve an instantaneous
pressure rise by reflecting a wave from a wall. The presence of the wall
boundary layer causes the pressure disturbance to propagate upstream, af-
fecting the boundary layer-inviscid flow interaction ahead of the wave re-
fleqiion point. In the case of a shock or compression wave, the adverse
pressure gradient causes a region of lzcal bLoundary layer separation which
extends upstream by a distance which increases as the boundary tayer thick-
ness increases. In a supersonic field, this boundary layer separation and
subsequent reattachment has the effect of spreading the pressure rise out
over an area proportional to the size of the separation region. The use of
a three-dimené?onal wall shape such as that illustrated in Figure {2) pro-
duces a considerably increased boundary layer thickness in the corners of
the corrugations. This thickened boundary layer produces considerably
larger regions of separation than are encountered in a standard design and

results in additional streamwise spreading of the waves.
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REPRODUCBILITY O THE
111, APPARATUS AND PROCEDURES' -GN F3Lud 1o U0

The transonic test facility utilized in this program is shown in Figure
(6). Air enters the settling chamber and passes through a screen pack which
removes velocity nonuniformities before entering the convergent norzle. The.
conctant area test section is provided with a corrugated porous wall sur-
rounded by a low pressure bleed plenum. A cross section of the corrugated
test section wall is shown in Figure (7). Air leaving the test section
fiows through a divergent nozzle which accelerates it to a Mach number of
approximately 1.4 before shocking down to a subsonic exit speed. The high
velocity test section exhaust air is utilized as an ejector to evacuate a
vacuum plenum. Pressure in the blead plenum is adjusted by regulating the

size of the orifices which separate it from the vacuum plenum.

The test section is shown in Figure (8). Its walls are formed by a
series of twenty four lands and grooves which run its entire length. The
lands and grooves are made of 0.16 mm thickness steel plate with a regular
pattern of 0,16 mm diameter holes. The land and groove plétes are con-

nected by thin non-porous radial strips.

The test section radius, measured to the surface of the lands, is 67 mm.
The grooves are 20 mm deep. A short transition section at the upstream
boundary of the test section is formed by a series of alternating ramps
leading from the convergent nozzle to the land and groove plates. The ramps
are alternately converging and diverging surfaces with respect to the
cylindrical entrance nozzle and provide a constant geometric cross sectional
area, Two of the land-gqroove paifs, located 180° apart, are instrumented

with static pressure taps to provide wall pressure distributions.

The model used ‘n this program is a 16 mm diameter cylinder with a
blunted ogive noise, i1lustrated in Figure (9), and produces a test section
blockage.of just over 1%. The model is supported from the rear by a strut
mounted in the supersonic section of the exhaust nozzle and is instrumented
with static pressure taps starting at the shoulder-;*lthe'cylindriCal section
and extending 68 mm downstream. The smal) diameter of the model méde it

necessary to install the pressure taps following a helical pattern, so the

10
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a) Seen from downstream showing ventilation control ring.
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b) As seen from bleed plenum.

FIGURE 8. PERFORATED WALL CORRUGATED TRANSONIC TEST SECTION

HE

e Iy NI THI

L‘-:"#ﬂ



Lo N K

(SHILIWITTIW NI

SNOISN3WIQ) STIVLIC 1300W "6 JUN9Id

A - GT —amy

ﬁ.w_em.m_|~

.

0

4

0C

~o00F
(*dAL)g N Ry

- 59 ——ed

de] aanssaJdg 3seq I_

' dej 24nssady um‘_EL

bl |

th



taps were spaced at 30o intervals in azimuth, duplicating the repeat pattern

of the land-groove arrangement on the corrugated wall.

The initial porosity of the walls was made equal to 16% by utilizing an
appropriate pattern of 0.16 mm holes. The porosity was altered during the
test program either by decreasing the number of holes in order to decrease
porasity in a given region or by enlarging the size of the holes in order to
Increase the porosity. The basic hole patterns used on the land and groove

plates are shown in Figure (10).

15
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1V, EXPERIMENTAL RESULTS
The experimental program had four principal objectives. They were:
1} Demonstrate that a simple three-dimensional wall design will

providé the capability to eliminate the bow shock reflection

without requiring excessively fine control of the wall porosity

[ distribution.

2) Investigate the effectiveness of porosity control as a means
L to eliminate wall interference.
l 3) lInvestigate the sensitivity of the required wall porosity dis-

tribution to free stream Mach number and pressure distribution,

- pama

4) Demonstrate that three-dimensional effzcts produced at the walls
diffuse sufficient!y rapidly to permit the correction of perme-
ability at a few selected locations along the wall in order to
produce a given flow field correction at the center of the test

section.

All tests were performed at a constant stagnation pressure of 3 atmospheres
using unheated air.  The corresponding Reynolds number produced at Mach 1.12
was h.hxlos m_1. Tunnel caltibration was accomplished by replacing the model
with an instrumented cylindrical rod of equal diameter extending from the set-
tling chamber through the test section and into the exhaust nozzle. The stat-
: ic pressure distribution along this noseless model and that over the walls was
measured and found to be satisfactorily flat. The maximum deviation measured
was at the wall and corresponds to Cp = + 0.03. The free stream Mach number
defined by the ratio of bleed plenum to settling chamber pressure was adjusted
by movement of the ventilation control plate to change the pressure in the
bleed plenum until the desired value was obtained. The range of Mach number
investigated was from 1,07 to 1,15 with most testing being carried out at Mach
1.125,

17




Prior to testing, an analysis was performed to determine the pressure
distribution over the mode} in free flight at Mach number 1.125 as well as
the pressure distribution and flow deflection along the lines curresponding
to the wall Jocations. The calculated free flight pressure distributions are
shown in Figure {11}, The bow shock produced by the model stands approximately
one model diameter upstream of the nose and produces a region of subsonic flow
which extends approximately halfway along the ogive. The static pressure along
the ogive decreases constantly with distance from the stagnation point as the
flow accelerates reaching a minimum at the cylindrical shoulder, following
which a gradual recompression brings the pressure back to slightly less than
the original free stream value. The calculated free flight pressure distribu-
tions at radial stations corresponding to the locations of the land and groove
surfaces of the corrugated test section wall indicate a sharper and stronger
pressure rise occurring along the inner radius with a slight downstream dis-
placement of the pressure distribution at the outer station. Mach lines
emanating from the anticipated intersection points of the bow wave with the
walls are shown on the Figure and indicate that reflection of the bow wave from
the land and groove surfaces will perturb the model pressure distribution from

the shoulder on downstream.

The calculated flow deflection angles along the land and groove lines are
indicated in Figure (12). They show an instantaneous deflection of 1.5° created
by the bow wave at the inner wall radius followed by a gradual turn back toward
the free stream direction with a smal] overshoot and subsequent realignment.
The shock-induced deflection is displaced slightly downstream at the outer wall
radius due to the inclination of the wave and is somewhat weaker than that
produced at the inner station. Of interest is the fact that the vaflection of
shoulder expansion waves from the bow shock creates a condition away from the
body where zero Cp no tonger implies zero deflection angle, and visa versa.
This situation has important implications with regard to the ability of a
variable porbsity test section to eliminate wall interference and will be dis-

cussed later.
Bow Wave Cancellation

Figure {13) shows the measured pressure distribution in the region sur-

roundirig the reflection point for a constant porosity wall and a Mach number

18
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of 1.125. The pressure rise measured at the wall is close to the value for

zero reflection but is diffused over a distance of approximately 2 cm by the
interaction of the boundary layer with the bow shock, Along the wall, the

pressure distribution is displaced by approximately one centimeter due *o a

slightly lower Mach number rear the test section boundary. Along the model,

there is no sign of a reflected bow wave in the region from station 7 to 10

where one would expect its arrival, Indicating that the 16% wall porosity

has effectively cancelled the initlal reflection. However, an extraneous

compression appears at station 10 which, although of only moderate strength : ;

along the walls, focuses rear the axis to produce locally subsonic flow.
Porosity Control

The ability to affect the pressure distribution over the model by altering
the wall porosity distribution is illustrated in Figure (i), 1In order to
reduce the intensity of the focusing disturbance observed on the model at sta-

tion 10, the land porosity was doubled from station 6 to 7, where Cp was posi- -

iw

tive, in order to turn the flow further outward. |In addition, the land was
made impermeable between stations 7 and 10 where the wall pressure coefficient
was negative in order to prevent inflow from the plenum. The groove porosity
was doubled between stations 5.8 and 7.2 to add to the outflow component. The
result of these changes was smal!l along the walls, but quite pronounced on the
model. One can see from the figure that the strong recompression at station
10 was completely cancelled by this redistributibn of wall permeability. In-
terestingly, the redistribution of wall porosity stiil resulted in a strong
center compression, this time shifted downstream to station 12, Cancellation
of this compression requires further changes in the wall porosity distribution -

downstream of station 10 on the land and station 8 on the groove surface.

A number of wall porosity distributions were tested, each producfng re-
sults which confirmed that simple adjustments in wall porosity could be utilized
te eliminate unwanted waves near the model. However, there was cne very im-
porﬁant exception td this finding;. it was not possible, regardless of the
por;sity distribution used, to completely eliminate the umwanted compression
in evidenca at model station 12. The reason for this lies in the fact that

the free flight flow fie!d contains regions where the pressure coefficient

22
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is close to zero but a positive flow deflection angle remains. A porous wall
requires a finite pressure difference in order to produce cross flow. Since
the pressure in a bleed plenum of a constant area test section is, by defini-
tion, equal to the free stream pressure, the pressure coefficient along the
wall is a direct measure of the wall pressure differential. Therefore, where
the wall pressure coefficient approaches zera, the flow must become parallel
to the wall. As a result, it is not:ﬁossible to match the important down-

stream boundary conditions using @& constant area porous test section.

The inability to produce the proper outflow angle as Cp becomes very small
results in a series of compression waves originating at the wall and moving out
into the test section flow. The Iintensification of these waves as they approach
the center of the axially symmetric flow produces a significant disturbance of
the model flow field.

Mach Number Sensitivity

Figures (15) and (16) show the sensitivity of model pressure distribution -

to free stream Mach number for two different wall porosity distributions. Al
tests shown were ccnducted at a Mach number which, to two significant figures,
would be reported as 1.1. However, the measurements indicate that the Mach
number must be Held constant, at least to three significant figures if comparable
measurements are te be made. This extreme sensitivity is the result of the large
variation in Mach angle which is produced by small changes in Mach number at cun-
ditions close to sonic velocity. The changes of Mach angle translate and stretch
the pressure distribution which the wal! porosity distribution superimposes upon
the model flow field. , | .

Diffusion of Three-Dimensional Wall Effects ' .

One of the fundamental questions relating to the use of a non-axially svm-
metric wall design is its effect on the axial symmetry of the flow around the
madel. In erder to assaés the magni tude of this effect, a series of tests
were made using a uniform wall porosity of 16%. 1in these tests, the pressure
distribution along the model was first measured with thz model in its normal

orientation, The model was then rotated threugh an angle of 50 about its
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longitudinal axis and the surface pressure distribution measured again. The
measurement was repeated at 50 intervals through the entire 30o arc representing
the repeat pattern of the alternating land-groove wall corrugation. The results
of these measurements are shown in Figure (17). The figure shows that there is
very little variation of pressure coefficient with model orientation indicating
good axial symmetry. It should kepointed out that the distance from the wall
necessary to achieve axial symmetry is a function of the lateral spacing of

the corrugations whereas the degree of wave diffusion which is produced by the

‘corrugations is a function of the groove depth. Since the lateral groove

spacing is a function of the test section radius and the aiigular period of the
geometric fattern, the distance to achieve axial symmetry, expressed as a func-
tion of the radius, is a function of the angular period alone. For this case,
where the angular period is 300, a model with a radius of 12% that of the inner
test section wall can clearly be employed without destroying the axial symmetry

of the flow over its surface.
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V. CONCLUSIONS

The results of the experimental program described here point out impor-

tant directions for low supersonic Mach number wind tunnel test section de-

sign which may be summarized as follows:

1)

2)

3)

b)

The use of a three~-dimensional porous wall can substantially weaken
the reflection of the model bow wave system. Although the value of
wall porosity required in the initial bow wave reflection zone is

a function ot the strength of the shock and after-compression, a
constant value of porosity across the reflection zone produces good
results., Thus, a close tailoring of the wall porosity distribution
across the initial reflection zone matching the separate character-
istics of the shock and after-compression is not necessary, making
the scheme capable of mechanical implementation. The possibility
of eliminating shock reflection is an important step for supersonic
testing, permitting the use of long bodies in small wind tunnels,

provided that the tunnel is designed with variable wall properties,

The strongly three-dimensicnal flow near the wall tends to diffuse
rapidly. This result is extremely important as it permits designing
wind tunnels where variable geometry is limited to a few wall sec-
tions appropriately distributed with respect to the axis of the tun-
nel. Wall characteristics can be altered in these sections to pro-

duce the required corrections in the model region.

The well-known focusing effect which causes small disturbances to
intensify as they approach the center of an axially symmetric flow
tends to amplify small errors in flow direction at the walls to pro-

duce major disturbances at the model.

A constant area test section cannot accurately reproduce the required
boundary conditions along the walls in the region where the pressure
coefficient is close to zero. This is due to the outflow character-

istics of the porous wall which make it impossible to produce a
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finite flow deviation with a corresponding Cp of zero, This dif-
fFiculty can be overcome by the use of a convergent test section

which will increase the pressure differential across the porous

walls.



