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THE INEZUENCE OF AMOIEL ON PLEMJMCZAMEER 
INDICATION OF MACH NUMBER IN A SLOTTED 

YWLWINDTUNNXL 

L.C. Squire, and A. Stanbrook 

In many transonlc tunnels the Mach number in the working section is 
determined from a pressure measured in the plenum chamber, on the assump- 
tion that this pressure 1s uniquely related to the free stream static 
p?SSLl2W. The effect of a number of different sting-mounted models of solid 
blockage up to about $ per cent on this relationship has been investigated 
m the 3 ft tunnel at R&3 Bedford. The results shove that the Mach number 
determined from the pressure in the plenum chamber is not affected by the 
presence of any of the models in the working section, provided that the 
pressure is not measured near the downstream end of the plenum chamber. 
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1 INTRODUCBION 

In many transonic tunneis the Each number in the working section is 
determmed from a pressure measured in the plenum chamber3, on the assump- 
tlcn that this pressure is uniquely related to the free stream static 
pressure at any Each number. This relationship is found by calibration 
in the empty tunnel. 

Some uncertainty exists as to the effect of the presence of a model 
in the working section on this relationship and an investigation of this 
effect has been made in the 3, ft tunnel at BAE, Bedford. A basic diffi- 
culty in this type of investigation 1s that the free stream conditions 
cannot be readily specified with a model in positions however, since the 
transonic working se&Ion of the 3 ft tunnel is relatively long there are 
points (on the wall) sufficiently far upstream of the model position to 
justify the assumption that the effect there of the presence of the model 
is negligible. The most suitable of those points has been chosen (as 
described in seotion 3) to define the Mach number of the flow. 

2 DEBJAILS OF TESTS 

2.1 Descrinticn of the transonic workinp section 

Figure 1 shows the arrangement of the transonic working section in 
which the tests were carried cut. The section is 3 feet square, with 
all four walls slotted, and is surrounded by a plenum chamber approximately 
one foot deep. The section open-area ratio is lCY$ and there are four 
slots, one at the centre of each wall, and four half slots at the sides of 
the top and bottom walls. The total length of the slotted section is 3.6 
working section heights, the slots beginning 2.5 working section heights 
ahead of the model centre of rotation. fill details of this section and 
its calibration are given in reference 1. 

Pressures were measured at ten points in the plenum chamber and at 
38 points along one of the slotted walls of the tunnel. The positions of 
all these points are shown In figure 1, 

2.2 Details of the models 

The varicus shapes of models used in this investigation are shown in 
figure 2 together with their relative positions in the working sect&on. 
Models A to D were intended to provide a wide range of body shapes and 
sises and model E was intended to show the effect of lift. 

Blockage ratlos obtained by dividing the maximum cross-sectional area 
of the models by the cross-sectional area of the working section are also 
given in figure 2. It should be noted that these blockage ratios are 
determined by the geometry of the model and that they do not necessarily 
define the scale of the dlsturbanoe In the tunnel. For instance, the flow 
on model A separates at the edge of the front face and a wake ia produced 
with a cross-sectional area at least twice that of the model. 

2.3 Experimental technique 

Models A to D were tested at zero incidence at Mach numbers fmm 0.7 
to 1.2. Model E was tested at incidences of 0, 5o and IO0 over the sama 
Each number range. The total pressure was kept constant at 33 inches of 
meroury throughout the tests giving Reynolds numbers/inch of 0.36 x IO6 at 
?Jf = 0.7 and 0.43 x 106 at M = 1.2. 

In all cases the pressures in the plenum chamber and along the wall 
of the working section were recorded. These pressures were also recorded 
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without a model m the tunnel (with the model support rig faired over). 

The pressures were measured on self-balancing capsule manometers*, 
the dials of which were photographed. During the analysis it was found 
that the manometer connected to the plenum chamber hole D (at station* 92 
in the row of holes along the plenum chamber) was defective. Consequently, 
no readings ars presented for this hole. 

2.4 my 

The readings obtained are subject to two separate sources of error, 
one due to the accuracy of the pressure measuring equipment and the other 
due to the condition of the pressure holes., This second source of error 
is of no consequence since the analysis is only concerned with comparison 
of the pressures at individual holes under different conditions. 

In the measurement of Mach number at any point the first of the 
sources produces an error in the individual pressure reading together with 
corresponding errors in the inltral and final zero readings of the instru- 
ment; similar errors occur in the measurement of total pressure. 
Combining all these errors it is estimated that the standard deviation of 
the error in the derived Mach number at any point is 0.0008 throughout the 
Mach number range. 

3 PRESENTATION AND DISCUSSION OF TEE RESULTS 

Figure 3 shows typical Mach number distributions measured at the 
tunnel wall in the empty tunnel. Figures 4 and 5 show comparable Mach 
number distributions obtained with the model considered to have the 
largest effective blockage (model A at zero incidence) and the model with 
the largest lift (model E at IO0 rncrdence) III the tunnel. 

A prelrmlnary step in the analysis of the results was to choose one 
station on the wall at which the pressure conditions at any Mach number 
are suitable for use as a reference datum for the pressures at the other 
stations, The selected statron must be (a) downstream of the region Of 
aooelerating flow so that the pressures there will be lndioative of the 
general level of Mach number at the model posltlon and (b) upstream of 
the influence of the model. 

A comparison between the variation of the Mach number at each 
individual hole in the wall wrth the variation of the mean Mach number 
near the model position (from the orrglnal oalibratlon data in the 
empty tunnel, reference I) has shown that station 48 would satisfy the 
first requirement. 

Strictly, the measurements obtained cannot show the limit of the 
upstream influence of the model. Howover, in practice the disturbance 
caused by the model decreases as the distance from the model increases, 
until the point is reached at which the effect of the model becomes less 
than the accuracy of the measurements. The wall distributions for model 
A (which had the largest apparent upstream influence) rn figure 4 indi- 
cates that, m this sense, the hole at station 48 1s suffrorently far 
upstream to be unaffected by the presence of the model. 

Station 48 is, therefore, a suitable choice for a reference hole, 
and the Mach number, ?A,, measured there is used as a datum in the 
following analysis. 

. 
: 

* The “station” refers to the dlstanoe downstream of the beginning of the 
slots in Inches. 
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The Mach number, MP, md-~cated by the pressures m the plenum chamber 
are plotted in figures 6 and 7 1x1 the form (MP - Ms). In figure 6 this 
difference is plotted against Mach number for the various stations along 
the plenum chamber with and without the models in tho tunnel. Figure 7 
shows this difference for the various stations around the plenum chamber 
at statior 92. 

Except at station 108, in figure 6, the results lie scattered within 
a band of width approximately 2 standard deviations of the error in the 
Mach number (see paragraph 2.4) as indicated for statron 0 in figure 6. 
It will be noted that the results for model E were obtained at slightly 
lower Mach numbers than those for the other models; this was due to an 
incorrect zero setting of the reference manometer. 

Within the limits of accuracy of the experimental measurements the 
results in figures 6 and 7 show that the variation of (MP - Mw) with Maoh 
number is independent of the presence of a model in the tunnel except 
near the downstream end of the plenum chamber (as at station 108). Hence 
the assumption (mentroned m the introduction) that the plenum chamber 
pressure is uniquely related to the free stream static pressure at any 
Maoh number is Justified (for the range of models tested). 

The larger scatter in the results at station 108 compared with the 
other stations may be explained by the displacement effect of the model 
and wake causing large changes in the diffuser flow which, in turn, 
penetrate the downstream end of the plenum chamber. However, although 
the results for any one model are systematically high or low, the 
variation from model to model does not follow any obvious pattern. 

The results of thus investigation may strictly only be applied to 
tunnels of similar layout. In particular, the effect of the presence of a 
model could be different in a tunnel with perforated walls or in a tunnel 
using auxiliary suction. 

4 CONCLUSIONS 

The results obtained show that the relationship between the Mach 
number measured at the wall sufficiently far upstream of the model 
position and a Mach number indicated by a Dressure in the plenum chamber is 
unaltered by the presence of a model in the tunnel provided that the plenum 
chamber pressure is not measured near the downstream end of the plenum 
chamber. 

The conclusions may not neckssarlly apply to ventilated working 
sections of other design or to larger models. 

LIST OF SYMBOLS 

M 
P 

Mach number indicated by plenum chamber pressure 

Mw Mach number measured at hole in slotted wall l+8 inchesfrom 
beginning of slots 

a Angle of incidence 
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FIG.4. MACH NUMBER DISTRIBUTION ALONG SLOTTED WALLS WITH MODE 
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