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SUMMAR

The half model technique has been used extensively in
the de Hdavilland High Speed Wind Tunnel. The falsc wall,
as originally fitted, had a thick boundary layer, and caused
disturbances in the freesibream static pressure distribubion.
This report doals with the results ol tests which led to an
improved false wall arrangement, and to modifications of the
transonic liner configuration. It has been found necessary
to machine a knife edge chamfer at the leading edge of the
false wall, to form a recess behind the false wall and to
converge the transonic liners, The false wall now extends
to the liners at the top and bottom. The results of
investigations over o period of fifteen months should, in
many cases, be applicable to tests in other tunncls. The
results of these tests emphasise the importance of a thorough

flow exploration, before a false wall is used for half model
bests,

Previously issued as De Havilland Aircraft Company Limited,
Wind Tunnel Report Noe 84 = A,R.C, 23,159.
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1. INTRODUCTION

The half model technique has two important advantages: the
manufacture of the model is facilitated by the need for only one wing;
a larger Reynold's number is obtained than for a complete model of the
same blockage.

At the start of an extensive series of half mocdel tests in the
de Havilland High Speed Wind Tumnel, oil flow visualization indicated a
flow separation near the leading edge of the false wall. A minor
modification was made, but pressure of work made it necessary to continue
tests withouts further investigation.

During later tests, with different sizes of fuselage and false wall,
it became evident that flow disturbances had a significant effect en the
results of half model tests, Further tests showed that, behind the separa-
tion, the boundary layer thickness on the false wall was excessive. In
addition, it wes shown that therc were severe static pressure gradients in
the freestream,

This report deals with rcsults of tests which led to an improved
false wall arrangement, and to modifications of the transonic liner
configuration. The conclusions drawn from investipgations over a period of
fifteen months should, in wany cases, be applicable to tests in other tumnels.

2.  GENERAL ARRANG-MINT OF TH. WORKING SECTION

The general arrangement of the transonic liners is shown in Fig,l.
The rearward locabvion of the working section is an important consideration
in section 4. During early half model tests the liners were diverged 11.5!,
to allow for the theoretical boundary layer growth. Perforated screens on
the liner slots extended about half way back in the working section,

A short wild steel falsec wall was originally fitted, with its
outward surface 2,13" from the tunnel wall, It was supported by curved
flanges at the top and bottom, which formed ducts of constant area around a
biconvex fairing for the model support shaft. Holes were drilled in the
rear of the flanges, in an atbtempt to avoid restriction of the flow behind
the false wall,

An extended false wall was fitted when the length of the half
model fuselage was increased, Tests were made with the false wall supported
by %he curved flanges, and again with the flanges replaced by pillars.

The dimensions of the two falss walls are compared in Fig, Z2a.
The fairing and pillars are shown in Fig. 2b. The position of the curved
flanges can clearly be seen in the photograph,

The general arrangement of the working section with a naw false
wall is shown in Fig. 3. This falsc wall was the same length as the extended
falso wall, but its height was increased to meet the top and bottom liners.
The liners were converged 54! with the perforated screens extended to the
rear of the slots. A reccss was formad by packing out the balance frame.
Details of the recess in the tunnel wall, and the chamfer at the lcading
edge of the false wall ars shown in Fig 4a. Fig. 4b shows the blocks
which wers inserted betweon the liners and the tunnel wall,

The location of static orifices on the cxtended false wall is
shown in Fig, 5a. The positions at vhich stablic pressure was measured on
the offset holder are indicatoed in Fig., 5b. The rearward positions were
obtained by removal of the 6" exbtension picce and displacing the probe
relative to the offset heolder, An additional 9% exlbtension piece was used
to obtain the forward positions.
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In an attempt to reduce boundary layer disturbances, various
leading edge shapus were tried on different false walls; oilflow visualiza-
tion indicated a leading edge separation in every case., The re-attachment
at M = 0,%0 was about two inches from the laading edge, see Wig 7a. The
re-attachment was about two inches back from the lsading edge at M = 0.50,
and moved back with increasing Mach number. At aboubt M = 0,86 a shockwave
appsarcd at the leading edge and moved back rapidly. It was later shown
that the predominant cause of the boundary laycr disturbances was restriction
of the flow behind the false wall., Under thess conditions, the only leading
edge modification to make any difference was a chamfer on the model sids of
$he false wall, but this was later shown to produce large disturbancss in the
static pressure distribution.

Replacing she curved support flanges by pillars had little effact
on the flow over the falsc wall, 0il on the back of the falsc wall had
previously indieated that %he flow had separated at %he leading edge of the
curved flanges; the flow now separabed over the model support shaft fairing,
in a manner reminiseent of the disturbance at the junction of a wing and
fuselage, see Fig, 7b.

Tests were made with the false wall moved out _to a distznce 3,73
from the tunnel wall, and again with Ffalse wall yawed 17 out, at the trailing
edge without success,

A flap at the trailing edge of the false wall, deflected 20 out
raduced the disturbances, bubt force measurements on a half modol suggested
that the static pressure distribution had been disturbed over a large part of
the false wall,

As mentioned above, oil on the back of the false wall indicated
separated flow, and it was calculated that the reducvion in effective area
might cause choking at a Mach Number as low as 0.34, In an attempt to
maintain constant effective arca a recess was formed in the tunnel wail by
packing out the balance frame 0,75", Fig, 3.

This scheme was derived from refercnce 1 which desls with the use
of a recess behind a false wall at supersonic Mach Number.

The Talse wall was displaced by the same amount, leaving the
leading edge 1,33 from the tunnel wall, just clear of the boundary layer
on the tumel wall. The leading edgc separation w-s virtually eliminzted
and, at M = 0,50 the boundary layer growth was reduccd to that predicted by
the 1/7th power law of vclocity distribution., Hewever, at Mach Numbers
above M = 0,80, the boundary layor thickness incrcased, and the shockweve
disturbances, although considerably reduced, wore still present at higher
bach Numbor.

The dimensions of the rcecess were limited by practical considera-
tions, but tests with a short false wall indicated that this was not the
cause of tho remaining disturbances. Aftoer a discussion with I, W. ©. Rogers
of the National Physical Laboratory, it was agreed that the leading edge
chamfer acted as a wedge ab incidance, causing an outward deflectign of the
flow ahead of the false wall., Reducing the chamfer angle from 12" to 4
reduced the effective incidence, and did in fect show a little improvement
at high Mach Number,

Total head traverses and boundary layer mcasurement are compared
with those for the original configurstion in Figs, 2 and 9. Boundary layer
thickness is based on a 0.1" Hg difference from freestream total head, i.c.
#/11o approximately 0.997. A trough was obsoived in the total head traverse
at higher Mach Number. It is assuncd that the depth of the trough, and its
distance from the false wall indicate the magnitude ond sparwise extent of
shockwave disturbances,



4, STATIC PRESSURE GRADIENTS

Only a limited study was made of the froestream pressure distribu-
tion, with the original tunnel and false wall arrangement. However, it was
found that the local Mach Number was 0,01 low at the working section centre,
at a reference Mach Number of 0,50, and, ten inches back along the tunnel
axis, the local value was 0.03 below reference Mach Number., The raference
Mach Nurber is based on the static pressure in the lower plenum chamber.

It appears that the average Mach Number was in error, due to the
pressure drop associated with the crossflow through the liner slots. Due to
1ts rearward location, the working section wos affected by an increase in )
crossflow near the liner trailing edge. Uniform flow along the tunnel axis

was achieved by converging the liners 20!, and extending bthe perforated screens
to the rear of the slots, Fig., 3. Local Mach numbers based on static
pressure measurements with ths liners converged 20! are shown in Fig., 10,

The freestream measurements were made with a static probe mounted on an
offset holder, Fig. 5b. It is now known that absolute values were in error
due to interference, but the gradients indicated should be ascurate.

Mach Number was high near the leading edge, and near the trailing
edge of the falsewall, An improved fairing had been fitted, when the liners
were converged, and the separations behind the false wall were considerably
reduced, Tests with the short false wall proved that tho gradients were not
due to restriction of the flow behind the false wall, Later tests indicate
that the gradient ncar the trailing edge of the false wall was due, in some
way, to the gaps between the liners and the false wall, at the top and bottom,
With these gaps sealed there was a steady drop in Mach Number along the
length of the false wall, see Fig 10. It may be that such a gradient is
inevitable when a flat plate, with a chamfered leading edge, is inserted in a
uniform stream, A sinilar gradient was observed on a falss wall at N,P.L,
The liners were further converged to establish a gradient of oppositec sign,
thus removing the gradient along the falsc wall,

During subsequent tests with a half model, tunnel power require-
menbs decreased with increasing incidence of the model. Further tosts
indicabed that this was due to flow intothe plenum chamber from behind the
false wall;  the recess had formed 2 gap between the converged liners and

the tunnel wall, The blocks which were inserted to seal this gap are shown
in Fig. 4b,

A naw false wall was fitted which extended to the lincrs, when
the latter were converged 54' The gradient neer the bunnel axis was
considered to be preferable to one over the length of the half model fuse-
lage. The transverse gradient was small in the region occupied by the
wing, and it was estimated that local Mach Jumber was within + 0,002% in
the region occupied by the half model. Unfortunately, it was later found
that a gradient existed as near as 1.25" from the false wall, indicabing
that the liner convergence was excessivc. The gradient incrcased in
magnitude, from zero 2t M = 0,50 to 0,00055 in Mach Number per inch at

M = 0,86, However, it is possible to apply a corrcction to drag coefficient
to allow for this gradient.

5. FORCE MIASUREMENTS

The aerodynamic characteristics most affected by modifications to
the tumnel and falsc wall arrangement were 1ift curve slope and drag
cocfficient. In many cases force measurements were made at one incidence
only, 2s the emphasis was on drag measurcments at low CL

The effect of ths recess on CL - a, Cm - CL and CD = C; at a low
Mach Number is shown in Fig. 12.
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Lift Curve Slope

The recess in the tunnel wall, the improved fairing for the
medel support shaft and liner convergence each gave an increment in
1ift ecurve slope. A slight reduction was measured on extending the
false wall to the liners.

Drag Crefficient

With severc leading edge disturbances and thick boundary
layer on the false wall, mcasured drag coefficients varied with
changes in the relative dimensions of the fuselage and the false wall,
Fig, 13a, Clearly such conditions were unacceptable.,

Figure 13 shows the increase cf drag coefficients measured
with a recess in the tunnel wall, i.e. with reduced boundary layer
thickness on the false wall, The total effect of the modifications
to the tunnel and false wall arrangement can be seen in Fig. 13c.

Variations of the gap between the half model fuselage and
the false wall has a considerable effect on 1lift curve slope and
drag coefficient. Results of tests, Fig. 12d, were sufficiently
consistent to allow correction to zero gap. Boundary constraint;
the pressurc sradient remaining in the region occupied by the half
model fuselage; and the effect of artificially fixing transition to
turbulence in the boundary layer necessitate. further corrections to
force mezsurements, It is important to note that the upwash
constraint is nearer tha% for an open boundary for a half model,
than for a complete model, and the open boundary correction is about
twice as large for a half model., The effect of the above correc-
tions on drar coefficients mecasured with the final configuration
are shown in Fig. 12e,

Pitehing Moment

There were no obvious trends in pitching moment character-
istics, The results are in good agreement within the limits of
repeatability,

Discussion

It appears that separated flow near the loading edge of
the frlse wall caused a suction at the nose of the fusclage with a
conseauent reduction in drag. Under these conditions a displace=-
ment of the fuselage relative to the leading edge of the false wall
caused largs changes in drag measurements. The change of drag with
increasing Mach Number was affected by growth of the separation.

According to section 3 of reference 2 the reduced veloeity
in the boundary layer causes a local reduction in lift and drag.
On the other hand the reduction in 1lift will increase the strength
of the trailing vortex at the junction of the wing and fuselage,
resulting in an induced drag, and a downwash, which will affect tests
with a tailplane and with a rear engine configuration., Results of
tests indicate that the first effect is predominant

The total cffect of the static pressure gradients with the
original tunnel and falne wall arrangement, was a reduction in
measured drag, especially at low Mach number.

The corrected results with the final configuration are
considered relisble, Comparison will be mad: in the near future,
with results of completc model tests.,
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Conclucion

The results o these investigations srphasise the
ilmportance o7 @ thorougn flow sxploration, b:fore a false
wall is used “or half model tests.
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. A.R.C. C.P.587. August, 1961
' Holder, D. R. and Farley, H. C.

PROBLEMS ASSOCIATED WITH THE USE OF A FAISE WALL AS A
REFLECTION PLANE FCR HALF MODEL TESTS IN THE
DE HAVILLAND HIGH SPFEED WIND TUNNEL

The half model technique has been used extensively
in the de Havilland High Speed Wind Tunnel. The false
wall, as originally fitted, had a thick boundary layer,
and causecd disturbances in the freestream static pressure
distribution. This report deals with the results of
tests which led to an improved false wall arrangement,
and to modifications of the transonic liner configuration.

The results of investigations over a period of

fifteen months should, in many cases, bc applicablc to
tests in other tunnecls.

" A.R.C. C.P.587. August, 1961.
{ Holder, D. R. and Farley, H. C.

PROBLEMS ASSOCIATED WITH THE USE OF A FALSE WALL AS A
REFLECTION PLANE FOR HALF MODEL TESTS IN THE
DE HAVILLAND HIGH SPEED WIND TUNNEL

The half model technique has been used extensively
in the de Havilland High Speed Wind Tunnel. The falsc
wall, as originally fitted, had a thick boundary layer,
and causcd disturbances in the freestream static pressure
distribution. This report deals with thc results of
tests which led to an improved false wall arrangement,
and to modifications of the transonic liner configuration.

The results of investigations over a period of
fifteen months should, in many cases, be applicablc to
tests in other tunnels,

-~

AR.C., C.,P.587. August, 1961.
Holder, D. R. and Farley, H. C.

PROBLEMS ASSOCIATED WITH THE USE OF A FALSE WALL AS A
REFLECTION PLANE FCR HALF MODEL TESTS IN THE
DE HAVITIAND HIGH SPEED WIND TUNNEL

The half model technique has been used extensively
in the de Havilland High Speed Wind Tunnel. The falsc
wall, as originally fitted, had a thick boundary layer,
and caused disturbances in the freestream static pressure
distribution. This report deals with the results of
tests which led to an improved false wall arrangement,
and to modifications of the transonic liner configuration.

The results of investigations over a period of

fifteen months should, in many cases, be applicable to
tests in other tunnels.



LI

C. P. No. 587

© Crown copyright 1962

Printed and published by
Her MAJESTY’S STATIONERY OFFICE

To be purchased from
York House, Kingsway, London, w.c.2
423 Oxford Street, London w.1
134 Castle Street, Edinburgh 2
109 St. Mary Street, Cardiff
39 King Street, Manchester 2
50 Fairfax Street, Bristol 1
35 Smallbrook, Ringway, Birmingham 5
80 Chichester Street, Belfast 1
or through any bookseller

Printed in England

5.0. Code No. 23-9012-87

C. P. No. 587

-

“)



