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Summary. A 36 x 35 in. transonic working section with slotted walls on all four sides is described. 
It is interchangeable with the original supersonic working section of the 3-ft. tunnel, and is used for tests 
at Mach numbers up to 1.25. 

The performance of the working section is summarised, with particular attention to effects of varying 
the angles of inclination of the upper and lower walls to the tunnel axis. 

1. Introduction. Tile Royal Aircraft Establishment Bedford 3-ft wind tunnel has been 
described briefly in Ref. 1. It is a variable-pressure wind tunnel with a closed return circuit, 
driven by two centrifugal compressors in series, and was designed in the first place for operation 
at supersonic Mach numbers between 1.3 and 2.0. 
_. An account was given in Ref. 2 of th~ development of slotted side liners for the original super- 

sonic working section, which enabled the tunnel to be operated at high subsonic and transonic 
speeds, up to a Math number Of about 1.15, at the expense of a reduction in working section 
width to 27 in.  Useful work has been done with this temporary arrangement, but a larger and 
more permanent transonic working section has also now been built. 

The new working_sectionwas designed on conservative lines, using slotted walls, as before~, 
j 

in preference to perforated walls. The wails were mounted in such a way as to make possible the 
substitution of perforated walls later if r ecluired, All four were slotted, and the working section 
was surrounded by a single plenum chamber. Extraction of air to a low pressure region at the 
beginning of the diffuser ('diffuser suction') was again employed as the means of adjusting the 

P r e s s u r e i n  th e :plenum .chamber£ hecause'a more than adequate pressnre_ratiq was available from 
:t.heima!ny°mpress °rs:- fori:this purpose. T h e  tnnnel speed was controlled by the main  compressor 
speed throughout the ;range . . . .  . 
,: P.:~o~si_on ~ a s  made., for varying the wall divergence (define~ in this report as the angle of 
inclination of the upper and lower walls to the centre line of the tunnel) through a small range, 

* Previously issued as R.A.E. Report No. Aero. 2622--A.R.C. 21,908. 



from about + 0"4 deg to - 1.0 deg. Use was made of this, during the tests reported here, for an 
investigation of the effects of Wall inclination on the tunnel calibration, flow uniformity, and 
pressure ratio. The main object of the provision was to allow the best wall setting for uniformity 

of flow to be chosen at any particular Mach number. 
In Ref. 2, difficulties experienced in obtaining a sufficiently uniform flow in the earlier transonic 

working section were attributed to the shallowness of the plenum chambers of the slotted liners. 
The plenum chamber of the new working section was made considerably deeper, but there was 

evidence of a recurrence of the same effect. This is discussed in the report. 

The slotted working section is now in use for tests at subsonic and transonic Mach numbers 
up to 1.25; the original supersonic working section continues to be employed for Mach numbers 

above 1.3. 

2. Description of the Working Section. The working section and the model-support section 

immediately downstream of it are contained in two fabricated steel pressure shells, lined with wood 

to form the internal walls of the tunnel. Fig. 1 shows the general arrangement and some of the 

main dimensions, and photographs from upstream and downstream are reproduced in Fig. 2. 

The principal dimensions are given in Table 1. 
The working section is about 36 in. square, and has eight slots 130 in. long. The plenum 

chamber, between the slotted walls and the shell, is about 12 in. in depth. Each wall consists 

of two plywood slats, the edges of which are shaped to form a slot down the centre-line of each wall 
and a slot of half the width in each corner. The arrangement can be seen in Fig. 2; the half-slots are 

at the edges Of the top and bottom walls. The slots are tapered at their upstream ends, increasing 

in width from zero to 2.38 in. in the first 81 in. of their length. Fig. 3 shows the slot shape, 

which was based on shapes given in Ref. 3. The fully developed Open area ratio is 10 per cent. 

Each slat is stiffened by two light alloy I-beams, supported from the shell at their ends. The slopes 

of the top and bottom walls can be varied through a small range by means of electric jacks, which 
support the walls at their downstream ends, and rotate them about pivots at their upstream ends, 
upstream of the beginning of the slots. The side walls are fixed and parallel. A top and bottom wall 

setting of 0.25 deg divergence relative to the tunnel centre-line was expected to compensate 
approximately for the rate of growth of the boundary layers on the slotted walls. The slat faces are 

finished to a high standard of surface flatness, but some of the earlier tests were made before the 

final finishing had been done; details of the state of the slats are given in Section 4. 
Upstream of the slotted liners, the working-section shell is lined with fixed blocks, which are 

faired to the slats, forming the downstream end of the contraction. The gaps between these blocks 
and the beginning of the slats are sealed with inflatable rubber seals ~. At the downstream endof  the 
slats there is a shallow open step on each wall (Fig. 1), through which air is extracted from the 

plenu m chamber, and further linings form a short constant-area section of height and width 
40-5 in. The ends of the slats and the beginning of the fixed liners are shaped as can be seen in 

Figs. 1 and 2 to improve the extraction and mixing of air from the plenum chamber. 
The lining of  the model-support section forms the beginning of the diffuser, with a mean rate 

of expansion, over a length of 141.5 inches, equivalent to that of a 1.37 deg semi-angle cone. 
I t  is shaped just downstream of the constant-area section to offset the blockage of the model-suppor t 
strut. This strut, to which a 72ft long sting is attached for model tests, is a 2-in. thick curved 

steel plate of 36 in. chord, passing through sealed slots in the top and bottom wails of the 
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pressure shell. It is carried on an external frame, pivoted at the sides of the tunnel in line with the 

centre of the model. The sting was not fitted during the tests described here, except for the pr.essure 

ratio measurements with model mentioned in Section 6. 
For convenience in the description of the experimental results, the cross-section at which the 

slots begin is referred to below as the throat. The upstream part of the slotted section, in which at 

supersonic speeds the main stream expands through the slots, is referred to as the nozzle region, 

and the part between about 2 and 3 tunnel heights from the beginning of the slots, in which the 

flow is relatively uniform at all speeds, is referred to as the test section. (The position of the cross- 

section of minimum area varies with the angle of inclination of the upper and lower walls because 

the walls are very slightly curved at the upstream end. When these walls are set at an angle of 
divergence of 0.25 deg from the tunnel centre-line, it is a few inches downstream of the beginning 

of the slots.) 

3. Calibration Probe and Wall Pressure Tappings. For the calibration of the test section, a 

motor-driven traversing probe was mounted on the model-support strut in place of the sting. 
The probe consisted of a pointed conical static head, with vertex angle 3 deg, on a long tapering 
support. Details are given in Fig. 4, including an enlarged view of the tip reproduced from a 

shadowgraph of the actual cone. A similar but not identical static head had previously been used 

in the calibration of the slotted working section of Ref. 2. The rear end of the support slid in bearings 

which allowed a fore-and-aft travel of about 30 in. The tapered support was cranked; by 
rotation of the probe, and by mounting it on both sides of the strut in turn, it was possible to obtain 

the seven traversepositions shown at the right of Fig. 4. 
The probe drive was coupled, via a step-by-step transmitter, to the chart drive of a recorder, 

the pen of which was driven by an automatic capsule manomete~ 5 connected to the probe. There 

was considerable lag in the system due to the resistance of the connecting lead between the static 

holes of the probe and the automatic manometer. The speed of traverse was such that this lag had 

little effect on the amplitude of pressure variations recorded in the calibrationl but did affect their 

plotted positions. This error was not very important, because the probe was used only to investigate 

the uniformity of the flow in the present tests and, at any particular Mach number, was always 

traversed in the same direction. 
A line of static pressure holes, at 2 and 4 in. intervals was provided along one of the slats at the 

position shown in Fig. 1, extending from 8 in. upstream of the throat, through the nozzle region 

and test section, to a point 18 in. from the end of the slotted wails. For measurement of the plenum 

chamber pressure distribution there was a line of 7 pressure holes in the wall of the outer shell, 

near a corner, at approximately 18 in. intervals from the throat position. An additional hole in the 
plenum chamber, also near a corner of the pressure shell and 92 in. downstream of the throat position, 

was used for measurement of a static pressure datum. There was a further row of wall holes along 

one side of the fixed liners downstream of the slotted wails, extending into the beginning of the 

diffuser part of the model-support strut. 

4. Details of the Tests. All measurements were made at selected constant values of a reference 
Mach number, M~, defined as the Mach number corresponding to the datum static pressure, 
measured in the plenum chamber, and a total pressure measured in the settling chamber. This was 
.approximately the same as the stream Mach number in the test section. The range of M R was 
usually from 0.9 to 1.25, but for some of the tests the wider range from 0.4 to 1.3 was covered. 
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The settling chamber pressure was 33.3 in. of mercury for the greater part of the tests, giving a ~ 
Reynolds number of 16 × 106, ' based on tunnel height, at a Mach number o f . l .0 .  Additional 
measurements were made over a range of total pressures from 10 to 45 in. of mercury. The total 

temperature was approximately 25 deg C, and the absolute humidity was always less than 0. 0002 lb 
of water per Ib of air. 

Streamwise Mach number distributions in the nozzle region and test section were determined 
from measurements of the wall pressure distribution, with the upper and lower walls divergent 

at angles of 0.4 deg, 0.25 deg, 0.0 deg, - 0.25 deg, - 0.5 deg and - 1.0 deg to the centre-line. 
The pressure distributions along the plenum chamber and along the wall downstream of the 
slotted liners were also recorded. 

When these wall pressure measurements were made, the final smoothing" of the slotted walls 

had not been completed. Irregular surface waves were present, with wavelengths of the order of 
the tunnel height, half-amplitudes up to 0-012 in., local slopes up to 0.0025 radian, and local 

rates of change of slope of as much as 0. 004 radian in 0.1 tunnel height. After further smoothing, 

the maximum amplitude of the waves was reduced to about 0.005 in. and the maximum local 
slope to about 0.0005 radian. 

More detailed measurements of the uniformity of the Mach number distribution along and near 

the centre-line of the  test section were obtained by use of the static probe, at wall divergence 

angles between 0.4 deg and - 0 . 5  deg. The main traverses were made after the walls had been 

smoothed, but some comparative measurements were obtained to show the effect of waviness 
of the walls on the centre-line Mach number distribution. The probe was not calibrated, and no 

correction has been applied to the probe readings. The traverses were used to measure the uniformity 
of flow rather than the absolute level Of Math number. The Mach number indicated by the probe 

is believed to be close to the true local Mach number, however; the magnitude of the difference 
is discussed in Section 5.3. 

Errors in Mach number attributable to inaccuracies in pressure measurement did not exceed 

± 0.002 in general, at a settling chamber pressure of 33.3 in. of mercury. The reference Math 
number M R could be set and maintained constant to within the accuracy of measurement. 

The tunnel pressure ratio was determined as the ratio of the settling chamber pressure to the 
pressure at entry to the first compressor. 

5. Mach Number Distributions. 5.1. Streamwise Mach Number Distributions from Wall Pressures. 
Fig. 5 shows typical curves of Mach number distribution along the slotted working section, 
calculated from wall static pressure measurements obtained with the upper and lower walls 
divergent 0-25 deg from the centre-line. 

The curves show no unusual features. At subsonic speeds the Mach number distribution was 
approximately uniform. When the reference Mach number was greater than 1, the main stream 

Mach number was just above 1 at the throat, and the flow accelerated along the nozzle region 
until the Mach number was approximately equal to M R. From there downstream the Math number 
remained roughly constant. Expansion to a Math number of 1.1 required a length of about 18 in., 
or half the tunnel height from the throat; expansion to 1.2 required about 45 in., or 1,2 times the 
tunnel height; expansion to 1.3 required about 75 in., 2.1 times the tunnel height. 

The waviness of the curves calls for explanation. Later measurements showed that it could 
largely be accounted for by the slight waviness of the walls described in Section 4, together with 
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imperfections of some of the static holes. These defects were fortunately not sufficient to obscure 
the main trends of variation of the shape of the distributions with Mach number and wall setting. 

I n  Fig. 6 the Mach number distributions deduced from wall pressures at four wall settings 
are compared. Each group of Curves was obtained at approximately the same value of the reference 
Mach number M R. Consequently the Mach number distributions for the different wall settings 
tend to fall close together towards the downstream end, because the reference static pressure was 
measured near the downstream end of the plenum chamber. 

Fig. 6 shows that the acceleration of the main stream to any given Mach number required a 
greater length of the slotted section when the upper and lower walls were convergent than when 
they were parallel or divergent, as is to be expected. Thus, when the reference Mach number 
was 1.1, for example, a Mach number of 1.1 was reached 15 in. from the throat with 0 .4  deg 

wall divergence, 35 in. from the throat with the walls parallel, and 70 in. from the throat with either 

0.5 deg or 1.0 deg convergence. Similarly, the point at which sonic speed was reached when M R 

was greater than 1 was further downstream, the greater the angle of convergence. When the walls 

were parallel, the sonic point was almost exactly at the beginning of the slots, and with the walls 

divergent 0.4 deg it was a few inches further upstream. When the walls were convergent the sonic 

point was downstream of the throat, moving upstream with increasing reference Mach number. 

It will be seen that with the walls convergent the acceleration of the stream occupied the first 70 in. 
or so of the slotted section, whatever the reference Mach number. 

With the wails set at 0.4 deg divergence, there was a tendency at the lower speeds for the 
Mach number to increase slightly beyond M R near the beginning of the working section and then 
to decrease again. This did not happen when the walls were parallel or convergent. As far as can 
be seen, this over-expansion and recompression did not lead to any reduction in the uniformity 
of the flow further downstream in the test section; on the contrary, the waviness of the Mach 
number distribution in the test section at Mach number 1.1 was greater with the wails convergent. 

A gradual recompression along the test section occurred at the higher Mach numbers. Converging 
the walls at a fixed reference Mach number had the same effect. This can be partly explained by 
reference to the shape of the pressure distribution in the plenum chamber, and will be discussed 
in the following section. 

5.2. Comparison of Main Stream and Plenum Chamber Pressure Distributions. In Figs. 7a to d 
smoothed curves of the wall Mach number distributions, faired by eye through the experimental 
points from which Fig. 6 was obtained, have been plotted to a larger scale, and curves of tile static 
pressure distribution along the outer wall of the plenum chamber have been superimposed for 
comparison. Both sets of curves will be discussed in the following as static pressure distributions; 
a scale of p/H is given on the ~right-hand side of the figures. The variation of plenum chamber 

pressure distribution with Mach number and wall angle is shown more clearly in Fig. 8, in which 
plenum chamber pressure distributions for three wall angles are compared. Note that Fig. 8 has 
been plotted with increasing pressure upwards, and also that the reason why the curves intersect 
consistently about 90 in. from the throat is that they were obtained at nominally equal values of 
MR, and thus of plenum chamber pressure (measured 92 in. downstream of the throat). 

Fig. 8 shows that the static pressure in the plenum chamber was approximately constant at the 
lower Mach numbers when the wails were set at angles between 0.4 deg divergence and 0.5 deg 
convergence. With increase either of wall convergence angle or of Mach number, a dip developed 
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in the pressure distribution; a poskive pressure gradient appeared downstream of 40 to 60 in. 
from the throat, preceded by a very slight negativegradient upstream. 

The manner in which the main stream pressure fell and approached the plenum chamber 

pressure in the nozzle region is clearly shown in Fig. 7, and has already been described. Downstream 

of this expansion the static pressure in the main stream remained higher than the plenum chamber 

pressure in general. When a positive pressure gradient existed in the downstream part of the plenum 

chamber, a similar pressure gradient was observed, downstream of the expansion, in the main 
stream. This was the gradual recompression referred to at the end of the previous section. Both the 
pressure gradient and the difference between main stream and plenum chamber pressures increased 
with wall convergence angle, and with Mach number. 

The positive pressure difference between the main stream and the plenum chamber in the test 
section can be accounted for by the necessity for a continuing outflow through the slots to maintain 
the Mach number approximately constant, due to wall convergence, by the growth of the boundary 
layer, or by both of these together. 

Regarding the pressure gradient, it may be noted that the plenum chamber pressure distributions 
are similar in shape to pressure distributions observed, over the whole Mach number range, in the 
very shallow plenum chambers of the slotted side liners described in Ref. 2. It was found there 
that a positive pressure gradient began, both in the plenum chamber and in the main stream, where 
the turbulent mixing region spreading from the slots had penetrated close to the outer walls of the 
plenum chambers. A similar pressure gradient is observed in the re-attachment region of the flow 
past a finite backward-facing step. It seems likely that the pressure gradient under consideration 
here was of the same kind, in spite of the provision of a greater plenum chamber depth, since it 
became steeper as the total flow through the slots was increased, either by an increase in Mach 
number or by convergence of the walls. (It must be mentioned, however, that no substantial 
variation in the steepness of the gradient was observed within the smaller Mach number range of the 
working section of Ref. 2, and that the effect of varying the wall inclination was barely examined 
there.) Some very limited observations which were made of the behaviour of tufts mounted in the 
plenum chamber were consistent with this explanation. The flow in the plenum chamber opposite 
the test section was in the main stream direction to within a few inches of the outer wall, and in the 

opposite direction close to the wall. The depth of the upstream flow appeared to decrease as the 
slotted walls were converged; but the tufts were too unsteady for any definite conclusions to be 
drawn (probably because the scale of turbulence in the mixing zone was very large). 

It was possible to obtain a sufficiently uniform flow without difficulty when the walls were 
set at a small angle of divergence. If a uniform flow over the whole range of wall settings had been 
required, some such measure 5s the addition of perforated screens to suppress mixing at the slots z 
might have been taken, to eliminate the gradient. 

5.3. Maeh Number Distribution from Probe Traverses in the Test Section. Fig. 9 shows typical 
curves of Mach number distribution along the centre-line of the test section, obtained by traversing 
the calibrating probe. The traverses were made after the walls of the working section had been 
re-worked smooth and flat. A comparison of some of the results with curves obtained when the walls 
were still in their unfinished state, corresponding to the wall Mach number distribution Curves 
previously presented, is made in Fig. 10. 



The curves in Fig. 9 show that when the upper and lower walls were divergent 0" 25 deg from 
the centre-line, the total variation in 1V~ach number on the centre-line in a length of 16 in. did not 

exceed 0.003 at subsonic speeds and 0.009 at supersonic speeds up to a Mach number of 1.2. 

In a length of 30 in. the total variation was 0.005 ~t M R -- 0.9, and still not more than 0"009 

at M R -- 1. i and 1.15. At a reference Mach number of 1.25 there was a positive pressure gradient 

along the whole length of the centre-line traversed, resulting in a decrease in Mach number of 

0.026 in 16 in. and 0.036 in 30 in. 

It is interesting to see, in Fig. 10, how large an improvement was brought about by the final 

smoothing of the walls. A t  reference Mach numbers of 1-10 and 1.15 the variations in Mach 

number over a length of 30 in. were reduced from 0.022 to 0.009, and from 0.019 to 0.007, 

respectively. 

The variation of the centre-line Mach number distribution with wall divergence angle is shown 

in Fig. 11 for four reference Mach numbers. At M R = 0.9, the wall divergence angle scarcely 

affected the uniformity of the flow. At M R = 1.1 and 1.15 the distributions with 0.5 deg con- 

vergence were less uniform than the distributions with 0.25 deg or 0.4 deg divergence. At 

M R = 1.25 a flatter distribution was obtained with 0.4 deg divergence than with settings between 

0.25 deg divergence and 0-5 deg convergence, mainly because the gradient associated with the 

flow in the plenum chamber was less steep. 

Finally, Fig. 12 compares six Mach number distributions on and off the centre-line in the test 

section with 0.25 deg divergence at a reference Mach number of 1.1. The variation over the whole 

region, 30 in. long by 10 in. wide by 5 in. high, was 0.012. This was the maximum variation observed 

at Nlach numbers up to 1.2. 

The wall settings chosen for model tests were 0.25 deg divergence at Mach numbers up to 
1.20 and 0.40 deg divergence at a Mach number of 1-25. In a typical test, the variation in local 

Mach number over the region occupied by the model would not exceed 0.010 at Mach numbers 

up to 1.2, and about 0.015 at 1.25. 

As stated in Section 4, no correction has been applied to the Mach number measured at the 
orifices of the conical probe to derive the true free stream Mach number. Fig. 13 shows the 

variation with reference Mach number of the difference between the probe 1V~ach number reading 

at a point on the centre-line, 90 in. from the throat, and a mean Mach number from wall pressure 

measurements in the test section. (See Section 5.4.) This probably gives some indication of the 

order of magnitude of the correction to be applied at high subsonic Mach numbers, but at super- 

sonic Mach numbers the presence of concentrated disturbances in the flow caused the probe 

reading to Vary in an irregular manner. The difference predicted by supersonic theory if the free 

stream Mach number is equal to the mean wall Mach number is shown as a chain-dotted l i n e .  

The best calibration curve that can be inferred from these results is obtained by fairing the 

experimental curve at subsonic speeds to the theoretical curve at supersonic speeds. 

5.4. Mean Mach Number Calibration. In the absence of a reliable probe calibration, it was 

assumed that the mean Mach number obtained from 9 wall pressure measurements at 2 in. 
intervals between 82 and 98 in. from the throat was a satisfactory measure of the mean 1VIach 

number at the model position. 
The difference between the reference Mach number and this mean wall Mach number was 

measured over the Mach number range from 0.4 to 1.2 at four total pressures with the upper and 
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lower walls at a divergence angle of 0.25 deg. The results are plotted in Fig. 14. Within the order 
about 0.003) they are sufficiently well represented for calibration of experimental accuracy (+_ 

purposes by 

o r  

AM,= 0.006 M R 

Mean M = 0. 994 MR. 

There appears to be a tendency for the correction required to M R to decrease with decreasing total 
pressure, but the experimental accuracy was not high enough, particularly at the lowest total 

pressure, for this to be certain. 

Fig. 15 shows how the difference between the reference Mach number and the mean wall Mach 

number varied with wall divergence angle. The values of A M / M  R plotted in Fig. 15 are mean 

values obtained from measurements over the limited Mach number range from 0.9 to 1-1. These 

were less accurate measurements, and the discrepancY between Figs. 14 and 15 in the results 

for 0 = 0.25 deg is not significant. The difference AM increased as the walls were converged, 

rising to about 0.02 M R with 1.0 deg convergence. 
A separate investigation of the effect of the presence of a model in the working section on the 

reference Math  number is described in Ref. 6. No significant effect was found. 

6. Pressure Ratio. The tunnel pressure ratio was measured over a range of Mach number 

at four wall divergence angles. The resuks are plotted against Math number in Fig. 16 and against 

wall angle in Fig. 17. 
The pressure ratio required at a given Math number increased rapidly with increasing wall 

convergence in general, particularly at supersonic speeds. Thus for a Mach number of 1.1 pressure 

ratios of 1.17 and 1.30 were required with the walls divergent 0-4 deg and convergent 1.0 deg 
respectively. A pressure ratio of 1.25, which was sufficient for a Math number of 1.25 with the 

wails divergent 0 "4 deg, gave a Maeh number Of only 1.20 with the walls parallel, 1.12 with 0.5 deg 
convergence, and 1,03 with 1.0 deg convergence. The rate of increase of pressure ratio with 
Mach number was also higher with the walls convergent than with the walls parallel or divergent. 
At Math numbers of 0.8 and 0.9 there was little variation of pressure ratio with wall angle in the 
range from zero to 0.5 deg divergence. 

The general increase of pressure ratio with wall convergence was probably due mainly to the 
increase in the mass flow to be extracted from the plenum chamber into the diffuser and re-energised 

by mixing, but partly also to a reduction in the efficiency of extraction and mixing as the step 
height at the ends of the upper and lower walls increased. Measurements of the pressure distri- 
bution along one wall of the tunnel in the constant-area section and into the beginning of the 

diffuser, of which typical results are reproduced in Fig. 18, showed that there was a large variation 

in the pressure recovery in the immediate neighbourhood of the end of the slotted walls as the 

wall setting was altered. 
There was little variation of pressure ratio with total pressure. At a Math number of 1.2 the 

increase in pressure ratio for a reduction of total pressure from 33.3 to 10 in. of mercury was 

rather less than 0.01. 

The effect of the presence of a fairly large model is shown in Fig. 19. With the model at zero 

incidence the change in pressure ratio was too smaU to be measured, but with the model at about 

10 deg incidence pressure ratios 0.005 to 0.02 greater than with the tunnel empty were required. 
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The frontal area of the model was approximately 0.5 per cent of the tunnel cross-section area. 

It had unswept wings of gross area 56 sq in. 
The measured pressure ratios are high, even at subsonic Mach numbers with the walls slightly 

divergent, compared with pressure ratios measured in some other tunnels with slotted working 
sections. The explanation of this is partly to be found in the magnitude of the losses in the part of 
the return duct between the end of the first diffuser section and the point at which the downstream 

pressure was measured. It is estimated that a contribution of 0.02 to 0.03 to the pressure ratio 
can be attributed to these losses. (When the tunnel is operated at the higher supersonic speeds for 

which it was designed the losses in the return duct are much less important.) 
Both the general level Of pressure ratio and the rate of increase with wall convergence angle 

would be expected to be lower for a shorter slotted working section. 

7. Conclusions. 7.1. A good standard of f l0w uniformity in the test section was obtained 
when the upper and lower walls were set at a small angle of divergence. The variations in Mach 
number in the region occupied by a typical model did not exceed about 0.01 at Mach numbers 

up to 1.2. 

7.2. Slight waviness of the slotted walls had a marked effect on the uniformity of flow in the 

test section. 

7.3. At Mach numbers of 1.2 and 1.25, and also at lower speeds when the upper and lower 
walls were convergent, there was a small positive pressure gradient along the test section, probably 

induced by the flow in the plenum chamber. Its magnitude increased with convergence angle and 

Mach number. 

7.4. Apart from the variation due to this general gradient, the uniformity of the Mach number 

distribution in the test section was not very dependent on the wall setting in the range between 

0.4  deg divergence and 1.0 deg convergence relative to the centre-line. 

7.5. The Mach number deduced from static pressure measurements at the wall of the test 

section was always slightly lower than the reference Mach number corresponding to a static pressure 
measured in the plenum chamber. The difference was 0. 006 at Mach numbers near unity with 
the upper and lower walls divergent 0.25 deg from the centre-line, increasing to nearly 0.02 with 

1"0 deg convergence. 

7.6. The tunnel pressure ratio varied steeply with the wall setting, particularly at supersonic 
speeds. For a Mach number of 1. t, for example, a pressure ratio of 1.30 was required wkh the 
upper and lower walls convergent 1.0 deg, but 1.17 was sufficient with 0.4 deg divergence. 
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Pressure ratio for operation of tunnel,  defined as ratio of settling chamber  

pressure H to pressure just  upstream of the first compressor 
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T A B L E  1 

Principal Dimensions 

Distance from 
throat (inches) 

Main stream 

Height (inches) Width (inches 

90 

122 

130 

131 

138 

162 

171 

304 

0 = 0 

34-64 

34.64 

34.64 

35.26 

0 = 0.25 deg 

3 4 . 8 4  

35.62 

35.90 

36.59 

42-0 

40.5 

40-5 

40-88 

46-5 

36.00 

36-00 

36.00 

36.62 

42.0 

40"5 

40" 5 

42"75 

46.5 

(0 = Divergence angle of upper and lower wall relative to centre-line.) 

Contraction ratio 

Internal cross-section of pressure shell 

Depth of plenum chamber 

Length of slots 

Width of parallel part of slot 

Open area ratio (at parallel part of slots) 

Range of wall divergence angles 

41:1 

60 inches square 

approximately 12 inches 

130 inches 

2.38 inches 

10 per cent 

0"4 deg to  - 1 . 0  deg 
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TEST SECTION 

FIG. 1. Sectional elevation of working section, model support, and beginning of diffuser. 
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FIG. 5. Wall Mach number distributions. 0 = 0" 25 deg. 

15 



. - -  - 2 2 2 2  ;~2-_- a : :  . . . .  i ~ ~ - - . ~  -- 

/ _ - - -  
, . . . . .  " /  G 

bl f "  i I 

/ 1  

¢ / /  
/ 

/ -,~-oso 
\ _r.o o 

I / 

. /  
/ 

.....~... ~ >  ~.~.~='::"--" ~ - : ~  - - -?~ ' ' ' ¢" ' :=  ~ - - ~  ~ - ~ -  ~ ~ : ~ . . - :  ----':~__2 = 

  J " S  . . . . . . .  
/ 

~ " ~ 1  I ' 
/ ' /  M e -OSO 
/ 

5 
- io  o io i~o 3 0  4 0  5 o  6 0  3 o  8 0  9 0  Ioo  I iO INCHES 

DI6TANCE DOWNSTI~EAM OF "THROAT 

FIG. 6. Effect of wall inclination on wall Mach 
number distribution. 

16 



1 .3  1 ' 3  

M 

. . . . .  x . . . .  ? - -  . . . . .  7 , - - - -  

/ . . . . .  

| -¢ 

MA IN  ,STREAM WALL  

( ' FA /RE  r~ CU  RVE ,5 )  

PLENUM C H A ~ B ~  

!0.4 

0,6 

M x x x 

/ 

1.2 ; . _ _ _ _ _  ~. x - - - / ~ x ~ .  ~ . . . .  

/ /  

I . r  . . . . . . . .  x----! 

j f r  
I" C - -  - -  - ~  , . . . .  X - -  . ^  - -  -~ X - -  

~ x  

f f - -  

MA IM  STREAM WALL .  

// I i 

7 

0 20 

7 

40 60 8o ~oo JNCHE5 0 a0 40 60 ~O 

OISTANCE DOWNSTREAM OF "rHi~OAT DISTANL'E DOWNSTREAM OF THROAT 

(a) e = o . 4  ° (b) e=O.O ° 

Fins. 7a and b. Comparison of main stream and plenum chamber pressure distributions. 

IOO INCHES 



O0 

N 

I.I 

x 

. . . . .  x . . . . . .  

/ 
,x 3"5 

< f  
0 

j l  

MAIN STREAM W A L L  
@'AIRED CURVES) 

PLENUM CHAMBER 

EO 40  6O 8 O  

DISTANCE DOWNBTREAM OF T H R O A T  

(c) O =-0 - .~  ° 

lOO INCHES 

:).6 

M 

t.i 

x . . . . .  --x . . . . . .  - x -  - x ~  

. . . . . .  2 _~_~_ _ 
I.o / . . . .  ~ x  

MA,S STREAM WALL 
/ (~A,R~ curves) 

- - - - ~  . . . . .  x . . . .  ; /  L f  ........ 
, / 

/ 
0 8.0 40  60  SO 

DISTANCE. DOWNSTREAM OF THROAT 

I00  INCHES 

(d) o=- i .o  ° 

FIGS. 7c and d. Comparison of main stream and plenum chamber pressure distributions. 



0 . 6  
0.,9 

M R 

i 'O 

O.S 
D I V E R G E N C E  A N ~ L E ~  @ = 0 " 4  ° 

I - o . s ° \  
| - J . o ° ~ X  

I 

. ° ~  - °  

. 0 . 4  . . . . . . . . . . . . . .  

- - I - -  - -  - - - - - - - - -  

I . I  

1'15 

I ' ~  

I , ~ 5  

O 

FIG. 8. 

ao 40 6 0  80 100 INCHES 

DISTANt'E DOWNSTREAM OF THROAT 

Effect of wall inclination on pressure distribu- 
tion along plenum chamber. 

1,3 

M 
PROSE 

I ' a  

I'1 
j , ~ f  

I 'O  

0 ' `9  

] S  8 0  8S • 90  9S IO0 INCHES 105 
DISTANCE DOWNSTREAM OF THROAT 

FIG. 9. Mach number distributions along tunnel centre- 
line, from probe traverses. 0 = 0.25 deg. 



1-3 1.3 

t"O 

M 
PR( ,BE 

['1 

~ BEg'ORE SMOOTHIN~ 

%. 
AFTER SPIOOTHIN~ 

I '0  

NpROSE 

I. i  

1-o 

e= -0. 7 "  

_z_ ~ ' / f  ° a ° "  

. ~ . .  - , -  7 ~ - _ ~  . _ _  

0.0 

7 

] 
"~S 80  85 ~O ~S I00 INCHES lOS 

DISTANCE DOWNSTREAM OF" - tHEreAT 

FIG. 10. Effect on centre-line Mach number distribu- 
tion of smoothing working section walls. 0 = O" 25 deg. 

7 

~s 80 8~ 9o ~s ,oo iNCHES ~o~ 
DISTANCE DOWNSTREAP1 OF THROAT 

F IG .  11.  E f f e c t  o f  w a l l  i n c l i n a t i o n  o n  M a c h  n u m b e r  

distributions along centrerline. 



b~ 

I. IS 

I---- I 10'481N" i _ _  L 

T 4 t_ ...v.......,.... 8"24 - - 3  - - 4 - -  S 7 ,SEEN FROFI UP,STREAM 

6 . .  7 - -  
I I 

I. IO 

I.tC 

7 

f-I( 

I 

7 

J ~  

7S 80 ES ,90 ~S I00 INCHES lOS 
DISTANCE OOWNSTREAN OF THROAT 

FIC. 12. Comparison of Mach number distributions 
on and off the centre-line. M R = 1.1,  0 = O" 25 deg. 

0"01 

0 

-o.oli 

F I e .  13. 

I,", I 

~ J  . . . . .  
SUPERSONIC THEORY 

0 e/ 0 8 0'-9 I'O I" I I'?-. 
M R 

Difference between probe Mach number at a 
fixed point and a mean wall Mach number. 0 = O. 25 deg. 

O.OE 
X 4S" H~ ' TOTAL F'I~ESSURE 
o .33" f ~ Z~M 

= ( ,PIe--  MWALL) I~ 20" 

+ I0" 

O'Ol 

0 O'P. 0T4 0 6 O.& I'O I,~ 
M R 

FIG. 14. Difference between M R and a mean wall 
Mach number. 0 = 0.25 deg. 



t O  

( - ~ - =  AVERAC~E VALUE oF i~lR" MWAL~ AT MACH NUML~,ERS 
MR 

FROM O'O "ro I'1 ~ H : 33-3" HO) 

0"0~ 

- I . O  °" - O . S  ° O + O 5 ° 

WALL ~,VERC~ENCE ANC~L~ 

FIG. 15. Variation with wall divergence angle 
of difference between M R and a mean wall 

Mach number. 

1'4 

1"3 

I.I 
J 

WALL E)IVEf~ENCE ANG~.LE 

O = - I ' O  ° - 0 . 5 ~ / ~  . o . ¢ 

O'8 

FIG. 16. 

@,9 1.o I . I  I .~  
P'IwALL" 

Pressure ratio )k at various wall settings. 

I-3 

I -4  

i 
1.31 

I.a 

I-I 

I ' 0  

M WALL 

~ ' ~  ~ bO 

~ , O . g  

- I . 0  ° - 0 " 5  ° 0 ÷ O ' S  ° 

WALL r')IVERC-rENCE ANCI.LE 

FIG. 17. Effect of wall inclination on pressure 
ratio. 



b ~  

O,~ 

0.'7 

O'G .... 

(.) M :o,9 

O:7 

O.E 

0 '8  

0"4 ] ~  

7 

N 

Fio. 18. 

- i . O  ~ 

I~-- 8UPPO'RTSTRUT - -  

-O,S a 

Typical wall pressure distributions downstream 
of slotted walls. 

1"3 

I 'O I~ 

I 
MODEL AT IO  ° 

INCIDEN~xL. ~ / 

~ ~ "  WICHOUT MODEL 
AND WITH MOOEL 
AT ZERO INCIDENCE 

0".9 I'O H I'~- I'a 
P1WAI.I~ 

FIG. 19. Effect of a model on pressure ratio. 
0 = 0"25 deg. (Model wing area 56 sq in., 

blockage 0.5 per cent.) 



Publications of the 
Aeronautical Research Council 

A N N U A L  TECHNICAL REPORTS OF THE AERONAUTICAL 
RESEARCH COUNCIL (BOUND VOLUMES) 

t941 Aero and Hydrodynamics , Aerofoils, Airserews, Engines, Flutter, Stability and Control, Structures. 
63s. (post 2s. 3d.) 

x94z Vol. I. Aero and Hydrodynamics, Aerofoils, Airserews, Engines. 75s. (post 2s. 3d.) 
Vol. II.  Noise, Parachutes, Stability and Control, Structures, Vibration, Wind Tunnels. 47s. 6d. (post Is. 9d.) 

x943 VoL I. Aerodynamics, Aerofoils, Airscrews. 8os. (post 2s.) 
Vol. IL Engines, Flutter, Materials, Parachutes, Performance, Stability and Control, Structures. 

9os. (post 2s. 3d.) 
t944 Vol. I. Aero and Hydrodynamics, Aerofoils, Aircraft, Airserews, Controls. 84s. (post 2s. 6d.) 

Vol. II.  Flutter and Vibration, Materials, Miscellaneous, Navigation, Parachutes, Performance, Plates and 
Panels, Stability, Structures, Test Equipment, Wind Tunnels. 84s. (post 2s. 6d.) 

t945 Vol. I. Aero and Hydrodynamics, Aerofoils. x3Os. (post 3s.) 
Vol. II. Aircraft, Airscrews, Controls. i3os. (post 3s.) 
Vol. III.  Flutter and Vibration, Instruments, Miscellaneous, Parachutes, Plates and Panels, Propulsion. 

I3os. (post 2s. 9d.) 
Vol. IV. Stability, Structures, Wind Tunnels, Wind Tunnel Technique. i3o$. (post 2s. 9d.) 

I946 Vol. I. Accidents, Aerodynamics, Aerofoils and Hydrofoils. i68s. (post 3s. 3d.) 
Vol. II. Airscrews, Cabin Cooling, Chemical Hazards, Controls, Flames, Flutter, Helicopters, Instruments and 

Instrumentation, Interference, Jets, Miscellaneous, Parachutes. 1688. (post 2s. 9d.) 
Vol. III. Performance, Propulsion, Seaplanes, Stability, Structures, Wind Tunnels. 168s. (post 3s.) 

t947 Vol. I. Aerodynamics, Aerofoils, Aircraft. I68S. (post 3s. 3d.) 
Vol. II. Airserews and Rotors, Controls, Flutter, Materials, Miscellaneous, Parachutes, Propulsion, Seaplanes, 

Stability, Structures, Take-off and Landing. i68s. (post 3s. 3d.) 

Special Volumes 
Vol. I. Aero and Hydrodynamics, Aerofoils, Controls, Flutter, Kites, Parachutes, Performance, Propulsion, 

Stability. I26S. (post 2s. 6d.) 
Vol. II.  Aero and Hydrodynamics, Aerofoils, Airserews, Controls, Flutter, Materials, Miscellaneous, Parachutes, 

Propulsion, Stability, Structures. x47s. (post 2s. 6d.) 
Vol. III.  Aero and Hydrodynamics, Aerofoils, Airserews, Controls, Flutter, Kites, Miscellaneous, Parachutes, 

Propulsion, Seaplanes, Stability, Structures, Test Equipment. x89s. (post 3s. 3d.) 

Reviews of the Aeronautical Research Council 
1939-48 3 s. (post 5d.) x949-54 5s. (post 5d.) 

Index to all Reports and Memoranda published in the Annual Technical Reports 
I9o9-x947 R. & M. z6oo 6s. (post 2d.) 

Indexes tO the Reports and Memoranda of the Aeronautical Research Council 
Between Nos. 235I--2449 
Between Nos. z451-2549 
Between Nos. 2551-2669 
Between Nos. 2651-2749 
Between Nos. 2751-2849 
Between Nos. 2851---2949 

• Between Nos. 295I-3o49 

R. & M. No. 2450 2s. (post 2d.) 
R. & M. No. 255o 2s. 6d. (post 2d.) 
R. & M. No. 2650 2s. 6d. (post 2d.) 
R. & M. No. 2750 2s. 6d. (post 2d.) 
R. & M. No. 2850 2s. 6d. (post 2d.) 
R. & M. No. z95o 3s. (post 2d.) 
R. & M. No. 3o5o 3s. 6d. (post 2d.) 

HER MAJESTY'S STATIONERY OFFICE 
from the addresses overleaf 



R. & M. No. 3228 

Crown copyright z96x 

Printed and published by 
HER MAJESTY'S STATIONERY OFFICE 

To be purchased from 
York House, Kingsway, London w.c.z 

423 Oxford Street, London w.z 
I3A Castle Street, Edinburgh 2 

xo9 St. Mary Street, Cardiff 
39 King Street, Manchester 2 " 

50 Fairfax Street, Bristol I 
35 Smallbrook, Ringway, Birmingham 5 

80 Chichester Street, Belfast x 
or through any bookseller 

Printed in England 

R. & M. No. 3228 

S.O. Code No. z3-3z28 


