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A static tube of conventional type with holes on the windward 
side only and at about 35" from the plane of symmetry was found to be 
almost insensitive to incidence Por incidences 01' up to 14’, the limit 
of the tests. i)f the symmetrical configurations tested, the one least 
sensitive to incidences up to about IO’ appeared to be that with holes at 
about 25" from the plane of symmetry. The tests were carried out at a 
1Aach number of 2.1 
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ss 
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pressure coefficient 

pressure coefficient at sero incidence 

angle bekveen pressure hole and the incidence plane 

ailgle of incidence 

Introduction 

The experiments described belon were done in conjunction with 
a project for which it was necessary to design a flal-nosed static 
pressure probe which would be as insensitive as possible to changes of 
incidence up to 10". Two configurations were investigated (c.f. Fig.J), 
an asymmnietric one, suitable for cases ahere only positive incidence is 
encountered, and a symmetric one. 

Some previous work is reported by Graceyl and in Pig.39 of 
his report, it is sho:vn that at a point on the surface of a parabolic 
body of revolution, in the region of 35” to 40° from the incidence plane, 
the measured static pressure was insensitive to incidence in the rarge 
f%om 0" to 20". A similar result can be obtained on a flat nosed circular 
cylinder as shown in i'ig.1, drawn from the results of Ref*2, although 
not to such a high incidence. Gracey also gives results for cylindrical 
probes, with hemispherical, conical and truncated cone noses in w!Cch 
the static pressure measurements were insensitive to changes of 
incidence up to 15", when the static holes were on the windward side at 
angles of 30°, 33” and 37$" respectively to the incidence plane, 

The results obtained by IIsll, Rogers, and Davis* are more 
easily related to the present investigation if they are replotted as 

the variation of pressure mo&sured at some hole, against incidence. 
The static pressures measured at abouU c 12 diameters from the nose axe 
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plotted in this 
of about 35” to 

way in Fig*2; they show that a hole at an angle, $, 

incidence. 
the incidence plane gives the minimum sensitivity to 

It is assumed throughout that the incidence is in one plane. 

2. Experimental De tails 

The model, which is shown in Fig.3, cons isted of a flat-ended 
cylindrical pitot-static tube. The pitot hole was not used in the 
present investigation. The tube was 9" long and 0.5” diameter, with a 
static hole drilled at 4.5” (9 diameters) from the nose. This one hole 
is equivalent to ttvo holes placed symmetrically on either side of the 
plane of incidence and was on the pressure side of the tube at positive 
incidences. 

The tests were carried out in the N.k'.L. 14” x 11" supersonic 
wind tunnel at a Mach number of 2.0. 
at incidences i;l the range 0" 

The static pressure ifas measured 

4o”. 
to 14” for values of Q of 30”) 35", and 

The body was held in a cradle attached to the incidence changing 
gear which allowed the incidence to be altered while the tunnel was 
running. 'u‘ihen changing incidence the model rotated about the position 
of the static hole. 

In order to produce a probe >vhich would be insensitive to 
incidence in the range -10° to IO0 it was necessary to use a symmetrical 
distribution of pressure holes. Another static hole was drilled 
diametrically opposite to the original one; these two holes may then be 
considered equivalent to a tube with four holes. The static pressure 
was measured with the plane of the pressure holes at three angles to 
the incidence plane, $ = 20", 30", and ,!+O'. 

The measured static pressure at zero incidence differed 
slightiy from the true local static pressure but this is unimportant 
in the present context since it can be included in the instrument 
calibration. The results are presented in terms of the difference 
between cP and its value at zero incidence, cpo, 

3. Results 

3.1 Asymmetric configuration 

The variation of measured static pressure with incidence is 
shown in Fig& for values of Q of 30”) 35", and 40’. At roll angles 
greater than 35’ the pressure falls with incrcasc of incidence from 
zero (as, for example is usual for a static tube mith four equally 
spaced holes). On the other hand for roll angles less than 35” the 
pressure increases with increase of incidence in the range of 
incidence investigated. 

?/hen the incidence is increased in the opposite direction, 
the pressure falls rapidly, the shape of the curve being almost 
independent of the roll angle, $4. This suggested that a roll angle 
smaller than 35” would prove the least sensitive configuration in 
the symmetrical case. T-his is because a comparatively high pressure 
is required on the pressure side of the body to balance the low 
pressure on the suction side. 

3.2 Symmetric configuration 

It did not prove possible to find a roll angle for which 
the measured static pressure was as insensitive to incidence 2s it 
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in the asymmetric case. However the results for 
and 40" which are shown in Fig. 5, sliow that for some 

value of $ between 20') and 30", the maximum value of, Cp could be 
kept below about 0.01 in the incidence range from -10" to ~10’. 

4. Conclusion 

U flat-nosed cylindrical static tube was found to be reasonably 
insensitive to incidence if the static holes vlere at particular stations 
around the circumference when the holes were drilled on the pressure 
side only, at about 35’ to the incidence Plane, there was no significant 
variation in the measured static pressure at positive incidences up to 

14O. The best symmetrical configuration was found to be when the holes 
were drilled at abcut 25' to the incidence plane. In this case cP 
was always ISSS than 0.01 in the incidence range f‘rom -10" to +-loo. 
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Table II 

cP at Lo = 2.0. Symixztric Configuration 
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THE DEVELOPMENT OF A STATIC TUBE WHICH IS INSENSITIVE TO I 
INCIDENCE AT SUPERSONIC SPEEDS 

i A static tube of conventional type with holes on the 
1 windward side only and at about 35O from the plane of symmetry 

~ 

was found to be almost insensitive to incidence for incidences I 

of up to I&O, 
/ 

the limit of the tests. Of the symmetrical 

i 
configurations tested, the one least sensitive to incidences /, 

t up to about 100 appeared to be that with holes at about 25O 
@ I 

( from the plane of symmetry, The tests were carried out at a 1 
Mach number of 2. ! 
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