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A simple method of improving the supersonic velocity distributicm 
in a transonic tunnel having slotted walls 

C.N. Hall 

SUMMARY 

This note describes how ihe centre-line distribution of Mach number 
in the R.A.E. 6 ft x 6 ft Trcansonic Tunnel has been modified at supersonic 
speeds by means of curved lengths of perforated steei plate set behind 
a proportion of the suction slots in the walls of the working se&ion, 
It W&S found that the slope and cumtul ti of the perforated strips and the 
distance frcxn the suction slots determined their effect on the distribution 
of Mach number, A form of pIlate was evolved which reduced the variation 
of Mach number about the mean from tO.010 to iO.006 at the maximum &ch 
number. 
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1 Introduction 

The R,A.E. IO ft x 7 ft High Speed Tunnel was converted to transonic 
operation during 1955, and was officially reopened in April 1356 as the 
R.A.E. 8 ft x 6 ft Transonic Tunnel. E&minatien of the velocity distri- 
bution on the oentreline of the working se&ion showed that atwind speeds 
above M = -l,.lO variations of Wch number within the test section increased 
to undesirable proportiopls. Many models to be tested in the tunnel till 
be of such a length that, at all but the highest Mach numbers, the wall 
reflections of disturbances due to the model will strike the model again 
further downstream, This will exclude an intermediate range of test 
Nach numbers, and efforts were therefore made to improve the velocity 
distributions so that tests made at higher speeds will be reliable. 

This note describes a successful method, of improving the velocity 
distributions by means of curved lengths of perforated steel plate set 
behind the suction slots of the working seotion, The method was evolved 
during a series of tests in May and June 1956. 

2 se working section of the 8 ft x 6 ft Transonic Tunnel 

The auxiliary suction which is required to achieve Xach numbers 
greater than M = 0.85 is applied to the working sectim throua 24 slots 
which provide an open area ratio.of 11%. The slots start with zero width 
at -1 ft 2 in.*, expanding to reach their full width at 6 ft 10 in,, and 
run at constant width from here to 15 ft. The side walls of the working 
section are parallel, but the roof and floor can be adjusted over a small. 
range of divergence angle (divergence angle = r,slope of roof or floor; 
maximum slope = 4 0.450). The supporting sting for models is mounted on 
two vertical lead screws set in a &.iring that spas the tunnel from roof 
to floor (Figs. 1 and 2~). 

3 The calibration technique 

A tube 3.41inc~ in diameter and 27$foctlong, with static pressure 
tappings along each side, was used to measure the velocity distributions 
along the centreline of the working section, It was oarried at its rear 
enJ by the support rig, and its forward end projected into the contraction 
where it was supported by cables (Fig. I). The pressure taTpings were 
at 4footintorvals from -13 ft to -4 ft, at 6i.nc1-1 interns to -1 ft, 
at 3inch intervals to +7 ft, <and at 2i.h intervals to 11 ft 8 in. on 
the port ride, arid at 1footinterval~ along the starboard side. 

The Mach number distributions were measured at a Reynolds number 
of A. 8 million/foot. The measured pressures were converted to Nach 
number by reference to the total head as measured by a static pressure 
tapping in the settling ohamber; the largest difference between this 
observed value and the actual total head in the working section is 
-O.@ (at M = l.O), which corresponds to an error in &ch number of 
-0, oa,.. 

4 Mach number distributions on the oentre-line of the working section 

4.1 The initial oentreline distributims 

With the roof and floor parallel the variation of Nach number in 
the test section was within +0,003 up to M = 1.10 (Pig. 5 full lines), 

d) Longitudinal position in the working section is measured downwind 
relative to a ccnstructional datum (the start of the original 10 ft x 
7 ft working se&ion). The mcde1C.G. position, at zero inoidenoe, 
relevant to these tests was at 9 ft 1 in, 
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but when the suction quantity and roof and floor divergence were increased to 
obtain the highest test Mach numbers the rate of expansion of the flow became 
too great, causing undesirable pressure gradients in the test section. The 
deceleration aft of II ft was due to the support rig, and was not neariy so 
marked at a distance of 9 inohes to one side of the centre-line. However, 
at subsonic speeds, this deceleration started at 10 ft 6 ins. and determined 
the rearward limit of the test section, 

4v2 The use of perforated plates to improve the flonr distributions 

It was thought that the distribution of suction along the slots, and 
hence the rate of development of the flow, could be modified by placing 
lengths of perforated sheet steel behind the siots, These were made up from 
8 ft x 6 in. strips of 18 s.w,g. mild steel plate perforated with 0.069 inch 
diemeter holes at the rate or' 105 holes/sq.in., i.e. an open area ratio of 
3$, and they %ere mounted l-o fit between the stiffening flanges of the beams 
that form the working section walls (Fig. 2b). 

The perforated plates were first placed hard up against the tapered 
Portia of twelve of the slots (Plates A, Fig. 3) the curve in the downwind 
end of the plates being intended to soften any disturbance shed by the ends 
of the plates. The plates succeeded in reducing the rate ori‘ expansion of 
the flow, but worsened the distribution in the test section at maximum Xach 
number. Putting the plates behind the parallel porticaz of the slots, with 
the curved ends upwind (Plates B, Fig. 3) reduced the general level of 
iXach number in the test section, but the distribution was still very uneven. 
The compression ending at 9 ft 9 ins. was found to be caused by the 
television Gamera which had been plaoed close behind a slot, at 8 ft, end 
it was therefore moved to 40 ft and drawn back2inches from the slot. 
The compression ending at 7 ft 2 ins., howover, seemed to be cmlected 
with the curvature of the upwind ends of the plates. 

Tests were then made with these plates set in various positions in 
relation to the slots (Plates C and D, Fig. 4-a). Since Plates B were 
obviously too gross in their effects, the number of plates was reduced 
from twelve to eight, snd they were moved out, away from the slots. This 
allows the air flowing out of the slots to expand into the 6inch passage 
between the flanges before encountering the perforated plates so that the 
pressure drop across the plate s is reduced, and, if the plates are moved 
out more than 2$ inches from the slots, lightening holes in the flanges 
start to be uncovered with the result that the air can by-pass the 
perforated plates. These tests established that both the slope and 
curvature of the perforated strips as well as their distance from the 
slots are mazor factors in determining the effeot of the strips on the 
distribution of Mach number, This effect is transmitted to the centre- 
line at approximately the Mach angle, tan-A(/($ I A), and vanishes at test 
Mach numbers belowM = 1.0. Curves have teen added 20 Fig. J+a to show tine 
rearward movement along the oentre-line, with inoreasing Blach number, of 
disturbances originating at 44 ft and at @ ft on the wall; the curves are 
based on the assumption that the disturbances will be propsgated at the 
Mach angle, and a mean distance from wall to centre-line of 3& ft has been 
used, i.e. the rearward movement of the disturbance is $$(M2 - 1) ft. 
It will be seen that the curved lead-in to the plates cause a local 
reduction in Ma& number, the reduction lessening as the plates curve 
back to beoome parallel to the slots; in the case of PlatesDthe entry 
curvature is further from the slot and therefore much less powerful, but 
the continuing slope of the plates aft of 6 ft 6 ins. causes a slight 
reduction of Hach number right on to the rear of the test section, 

These observations were used as outlined in Section 5 to devise 
Plates E and F (Eig. 4.b). By curving awsy into an expansion aft of 
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7 ft 6 in., these plates maintained a steady velocity level in the test 
section from IO ft to II ft at the maximum 1Wach number; the curvature 
of Plates F at 6 ft 3 in. was increased over that of Plates E in order to 
prevent the drop in &oh number at 9 ft that occurred prericusly, 

The improvement in distribution at maximum Mach number was not obtained 
without penalty, and at a test Mach number of M = 1.10, with the roof and 
floor parallel, the perforated plates oaused an unwanted expnsian in the 
test section (Fig. 5). This was reduced by fully converging the roof and 
floor for tests at u;his Mach number. The distribution at M = I.26 could 
have been further improved to eliminate the slight ccmpression at the down- 
stream end of the test section, but this would have aggravated the expansion 
at M = 1.10, so the distribution resulting from the use of Plates F was 
accepted as a fair ocmprcmise, and this arrangement cf plates was adopted 
permanently. 

4.3 The imprcved centretiline distributicns 

Fig. 5 compares the initial Nach number distributions with the 
improved distributions obtained by meaqs of the final shape of perforated 
plates (Plates F, Fig. ,!+b). The maximum variation of Mach number an the 
centre-line of the test section has been reduced from tO.010 to +0,006, 
If the test section is considered to extend from 8 ft to 11 ft the 
improvement is even more marked at the higher Nach numbers (40.0'12 reduoed to 
tO.005), but at subsonic speeds the increase of pressure caused by the 
support rig limits the rear of the test section to IO f't 6 ins. For this 
reason the support rig has now been moved back 2feet,the model C.G. position 
moving back 7jnchesto 9 ft 8 in.; this change has extended the test 
set tion length by about 18 inches. 

5 The design (-5‘ plates to achieve a required effect 

The perforated steel plate s were used in the first instance as a 
simple means of altering the distribution of suction along the working 
section, However, it was soon evident that other factors had important 
effects upon the velocity distribution within the test section, notably 
the local slope ax$ curvature of the perforated plates, and the distance 
of 'he plates from the surface of the slotted walls. Althcua the inter- 
play of these parameters was not at all clear in the early stages, altera- 
tions to the perforated plates became progressively more systematic as 
evidence was colleoted on the way in which they worked. 

Fig. 6 shows the changes in Nkich number at the centreline caused by 
Plates C, D, E and F behind 8 of the 24 wall 8101s. The origins of 
longitudinal axes have been displaced by 3@(M2 - I), oorrespcnding to 
the longitudinal distance between the origin of a disturbance at the wall, 
and the point at wXch the disturbance reaches the centreline when it is 
prcpagatcd at the &ch angle. Thus, corresponding points on the wall and 
the aentre-line are vertically in line in the diagram. Qualitatively, 
the changes in Maoh number caused by the plates are as would be expected 
near a solid two-dimensional profile of the sa!e shape in an unbounded 
supersonic flow, with the ohange from compression to expansion occurring 
at the point 01 infleoticn in the perforated plate. Quantitatively, the 
effect of a given plate can be increased by moving it nearer to the suction 
slot* 

Bearing in mind the influence that these parameters have on the centre- 
line Mach number, it is possible to arrive at a design of plate which has the 
required effect cn a Mach number distribution after cnly one or twc attempts. 
In deciding upon the best form of plate for a particular slotted transonic 



kennel, the choice will in general be a compromise between the differing 
needs at different Mach numbers. 5 this connection, the importance of 
the higher transonic Ivkch numbers, as mentioned in Section 1, should be 
remembered. 
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