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SUMMARY 

The oharaoteristics of a 60’ apex angle cone for measuring local Maoh 
number, total pressure, and flow directions have been determined at Mach 
numbers of 2.47, 3.25, 3.97 and 4.32 at angles of pitch up to 29'. 
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1 INTRODUCTION 

To explore the flov? field a.ound a model in a wind tunr&, an instru- 
ment is required that t~i.11 measure the Mach number, total pressure and flow 
direotions simultaneously, One type of instrument suitable for use at super- 
sonic speeds consists of a cone with four equally spaoed orifices on its 
surface together bjith a pitot pressure orifice at its apex. Reference I 
shons that the sensitivity of such a probe to changes in flow direction 
increases i,ith increase of tine cone apex angle, but that above 60’ inoluded 
angle the increase in sensitivity is only relatively small. 

The characteristics of a 60’ included angle, oonioal. probe tjere deter- 
mined at Mach numbers of 2.47, 3.25 and 4.32 in the II x 16 inch R.A.E. 
Farnborough Tunnel. The results obtained are given in this note, Eleven 
similar probes \rere subsequently made, assembled in a rake, and tested briefly 
at M = 3.97 in the 4 ft x 3 ft High Supersonic Speed Tunnel at R.A.E, Bedford. 
The mean results from these eleven probes are included in this note for com- 
parison tJith the earlier results. 

A draG..ng of the probe is sholm in Figal and a photograph in Fig.2. The 
probe is of the plug-in type vsith a key for location in the support. In spite 
of its small size, the errors arising in manufacture \vere very small. Measure- 
ments taken on the probe lfhich was tested in the 11 x 16 inch tunnel shotTed 
that the cone angle nas 59.9' (instead of 60'), and that the angular displace- 
ments of the four holes in the cone surface tiere v&thin 5&O of 90°, For the 
II probes tested in the HSST, the oone angles v:ere v&thin the range 59.6O to 
60.0°, and the angular displacements of the surface holes v&thin +I0 of 90'. 

All pressures ~:ere measured on self-balanoing capsule manometers of 
O- 60 ins Hg abs r‘anqe and 50.03 ins Hg nominal accuraoy. Because of the 
very small bore of the tubing within the probe, oare has taken to keep the 
pipe lengths to the manometers as short as possible to minimise lag eff'ects. 

Tests tfere made on a single probe in the R.A.E. Farnborough 11 inoh x 
16 inch supersonio v;ind tunnel at &Iach numbers of 2.47, 3.25 and 4.32 the 
corresponding total pressures being I, 2, and 5 atmospheres (absolute > 
respectively. To keep the testing time within acceptable limits, the 
characteristics Rerc explored fully only for roll angles of 0 to POo. In 
this range, the pitoh angle I!as varied from -5' to +24' at M = 3.25 and to 
+28' at M = 2.47 and 4.32, at increments in roll of IO'. Sufficient-testing 
'vras done at roll angles greater than PO ' to shoy: that the characteristics of 
the probe llere symmetrical. 

Tests on q-l similar probes, mounted in a rake, Bere made at M = 3.97 
in the 4 ft x 3 ft High Supersonic Speed Tunnel at R.A.E. Bedford. The total 
pressure $153 7 atmospheres absolute. These tests covered an inoidence range 
from 0 to 25' at roll angles of 0, yO", 180' and 270°. 

4 PRECISION OF RESULTS -. 7-*-m 

The estimated unoertainty of the experimental data obtained in both 
the II inch x 16 inch tunnel and the H,S.S.T. is as follows: 
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The accuracy with which the characteristics of looal flow could be 
obtained, following the procedure outlined in Section 6, is estimated to be: 

= I atmos abs. = 2 atmos aba. = 5 atmos abs, 

As the errors that arise are inversely proportional to the free stream 
total pressure (pOi), the errors tabulated above have been oaloulated for 
speoifio values of pO, at each Mach number. 

5 RESULTS AND DISCUSS1081 

Fig.4 shows the variation nith Mach number of the ratio of average 
pre-9 pA9 on the aone surface to the pitot pressure, p02. The results 
shown are for zero pitch angle, 0. The mean value obtained from the 11 
probes tested in the H.S.S.T. is seen to agree well with the results from a 
single probe in the 11 inoh x 16 inch tunnel. 
ment, giving values of PA/PO2 

Cone theory2 is in good agree- 
only about 2% larger than experiment. It is 

apparent from Fig.4 that the sensitivity of the probe decreases rapidly with 
increasing Mach number, so that, for example near M I = 4.0, a 1% error in 
measuring pA results in a 3% error in M?. This further leads to a 1% error 
in po, as derived from the normal shock relation and po2 (Section 6). 

.  

”  

The average of the four surfsoe pressures renains constant up to pitch 
angles of about IO', and then inoreases progressively as the pitch angle is 
increased beyond this value, This is shovin in Figs.5(a), (b) and (0). 
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In producing these curves, the data from geometrically similar roll angles 
has been averaged, as the values would be expected to be the same for reasons 
of symmetry. It is seen that the effect on pA of variations in $ at any given 
value of 8 and M, is less than 1%. Also shown in Figs.5(b) and (c) for 

9 = 0, YOO, 180' and 270' are the mean results from the 11 probes tested in 
the H.S.S.T. These results are seen to be consistent with those obtained 
from the 11 inch x 16 inoh tunnel. 

Fig.6 shows that the effect of pitch angle on the measured pitot 
pressure is negligible up to about 13O. Beyond this angle, the pitot pressure 
decreases with increasing pitch angle. Mach number effects appear to be very 
small. 

The pressure difference, expressed in coefficient form, across opposite 
pairs of holes in the oone surface is shown in Figs.T(a) to (f) as a funOtiOn 
of pitch angle for various roll angles at Mach numbers of 2.47, 3.25 and 4.32. 
Small alignment errors are present so that the curves are slightly off-centre 
and are rotated through a small angle. 
angles greater than 90°, 

Although no results are shown for roll 
sufficient measurements were taken for roll angles 

betneen 90' and 360~ to show that the oharacteristics were symmetrical. 
Because of the symmetry of the probe, it will be seen that the sets of curves 

for (fga ana (?f)@ are virtually identical. 

The variation of kL 
Ql 

with pitoh angle at any given roll angle is approxi- 

mately linear over the first t5’, and analysis of the experimental results 

shows that, over this range, the value of 
( 
&1 1 is ~roporticnal to 00s 4 or 
w e 

sin # depending on the pair of holes involved. Fig,8 illustrates this point 
for the M = 2.47 results. It also show that, when account is taken of the 

small zero setting error in roll, the yawmeter sensitivities 42 -1 
9 

and k ' 
0 

0 a 0 00s # 

9 pesj-0 
are identical, as would be expected from symmetry. Fig.9 

shows the variation of yawmeter sensitivity with Mach number. The H.S.S.T. 
results are again consistent with tho e obtained in the -lf inch x 16 inch 
tunnel, Experiment and cone theory3jg are in quite good agreement, and 
demonstrate that the effect of Nach number on the sensitivity for small flow 
deflections csn be neglected for Mach numbers above about 2.5. 

To facilitate the determination of 0 and 9 from measurements of 

the results of Fig.7 have been combined into a plot Of 432 
0 %a 

versus k 
0 q1 8 

for various 0 and 9 as shown in Fig.lO(a), (b), (0). Before 

plotting the results in this form, the curves of Fig,-/ were first corrected 
for misalignment errors. Because of symmetry, the curves are shown in only 
one quadrant. Data for the other quadrants can be readily derived providing 
the correct sign convention is used (Fig.lO(a)). 
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6 BdETHOD OF USING PROBE TO OBTAIN FLOW CHARACTERISTICS 

The method of obtaining Maoh number, total pressure, and flow angles 
from the measured pitot pressure and four static pressures on the oone 
surfaoe follows that given in Ref.5, but is repeated here for the sake of 
oompleteness. 

The arithmetic mean of the four surface statio pressures is 

PA = $ [Pa + g, + p, + pdl l 

The ratio of this statio pressure to the pitot pressure 

from Fig.4 a first approximation 
PA effects on - 

PO2 
to be negligible. 

PO7 r6 

PA is - and hence 
PO2 

to M, is obtained by assuming pitoh angle 

The normal shook relation gives 

5 2 1 7/2 I- 6 1 v2 

z = Lbf,2+51 ?7*,2-41 
. 

so that p 01 , the total pressure of the ambient flow, is obtained. 
b 

The dynamio pressure, q,, of the ambient flow is then obtained from the 
relation 

2L= 
PO1 

+,2p +$ j7'2 . 

The pressure differences across opposite pairs of holes are 

0 
& = ‘0 - ‘a 
91 a 91 

and 0 
& = 'd - 'b 

q1 P 41 

v&enoefrom Fig.10 the pitch and roll angles 0 and # of the looal flow relative 
to the probe are obtained. These values ane then used to oorreot for flow 
angle effects on po2 and pAe 

From Fig.6 we obtain 

(po2)e 
TP02) 
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and thus derive a better approximation to the value of (pO2)C=O, the pitof 
pressure at zero pitch angle. 
to the value of pA/pO2 

Similarly from Fig.5, a better approximation 
at zero pitch angle is obtained as 

, 

The initial procedure is then repeated with PA these new values of po2 and - 
PO2 

to obtain a second approximation to M,, po,, 0 and 4. The prooess is repeated 
until the desired accuracy is obtained. 

The estimated accuraoy trith which these quantities can be derived in 
this way, using the same type of instrumentation and probe as used in the 
present series of tests is given in Section 4. Note that the errors are 
inversely proportional to the total pressure, po,. The large erroyAin M, 
and po, at high Mach number arise from the fact that the Curve of -- becomes 

PO2 
very flat as Mach number is increased (Fig.4). Hence a Small error in pA 
gives a large error in M, and hence in pO,. At high Mach nwbers,the j$ error 
in po, may be as muoh as 5 times the $ error in I, since the pressure ratio 
across a normal shook becomes proportional to Mj5 as H, -, OO. 

7 CONCLUSIONS 

A conioal probe having a 60’ apex angle has been oalibrated so that the 
pressure at its apex and at four equally spaced points on the oonioal surface 
can be used to determine the local flon Mach number, total pressure and flow 
angles. Pressure measurements were made at Mach numbers of 2.47, 3.25, 3.97 
and 4.32 at angles of pitoh up to 29’. The data are presented in charts suoh 
that the oharacteristios of the looal flon o&n be readily derived. 

It is estimated that, viith the same instrumentation and total pressures 
as used in the present series of tests, suoh a probe will enable looal Mach 
number to be determined to about 50.02 at M = 2.5 and $0.08 at M = 4.3. 
Measurements of total pressure should be aocurate to about 52% at M = 2.5 
and 27% at M = 4.3, and the fla;l angles to about ?&Oat all Mach numbers. 
The errors beoome larger than these values at high pitch angles, and also 
vary in inverse proportion to the magnitude of the total pressure. 

The poor aocuracy in the determination.of local Maoh number and total 
pressure at high Mach number arises from the comparative insensitivity Of 

oone surface pressure to Mach number when the Maoh number ia high. 
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