
C.P. No. 475 
(21,061) 

A.R.C. Technical Report 

MINISfRY OF AVIATION 

AERONAUTICAL RESEARCH COUNCIL 

CURRENT PAPERS 

Free-Flight Experiments on 
the Measurement of Free-Stream 

Static Pressure at Transonic Speeds 
with Particular Reference to the 

M k.9 Pitot-Static Head 

bY 

C. Kell 

LONDON: HER MAJESTY’S STATIONERY OFFICE 

1960 

THREE SHILLINGS NET 





C.P. No. 475 

ADDENDA mj L-.e.- 
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t 
I Insert at end of para. 3.0 on page 4 the following paragraphsz- 

Based on the known accuracy of the transducers and telemetering 
equipment and on the experience gained from tests on a wide variety of 
free-flight models an uncertainty of +3@’ ,O of the telemetering sub-carrier 
band width is considered to be representative for the present tests. 
An illustration of the corresponding uncertainty in pressure coefficient 
is given in each of the relevant figures. Although this uncertainty is 
appropriate for results obtained from different test vehicles the rela- 
tive errors for measurements made by the same instrument at different 
times throughout the flight are expected to be much smaller, 

Mach number was obtained from sources external to the test vehicle 
and for this an uncertainty of _+0.004 is considered representative. 

2 Page 59 Section 3,2, first paragraph. 

Insert full stop after the word 'forward' and delete the remaining words 
of this paragraph, 

3 Page 5, Section 3.2, second paragraph, 

Insert asterisk after the word 'identical' in order to indicate reference 
to footnote, 

4 Insert footnote on page 5 as follows: 

*Footnote:- When the normal shock is moving along the probe the 
pressure at a measuring hole behind the shock will be the sum of the 
pressure rise through the shock and the subsequent subsonic compression 
between the shock and the hole. Although the shock pressure rise for 
any hole is a maximum when the shock-wave is at the hole, the total 
measured pressure might be greater when the shock-wave is ahead, if 
the subsonic compression has more than offset the difference in shock 
strengths. 

5 Page 6. End of first paragraph insert following sentence: 

This reasoning does not apply to hole number one whose behaviour 
is discussed later in para. 6.3. 

6 Page IO, Conclusions, second paragraph last line, insert the word 'about' 
so as to read:- corresponded to a Cp of about 0.01. 
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This note deals xith the problem of measuring ambient static pressure 
at Mach numbers between 0.8 and 1.4; it is in two parts, the first dealing 
with free-flight measurements of the pressures ahead of bodies of revolution 
with noses of various shapes. The results indicate the minimum distances 
ahead of blunt-nosed bodies at which the errors in static pressure measure- 
ments are small enough to be acceptable. 

The second part of the note deals with errors introduced by the static- 
pres,sure measuring heads themselves; tests on the standard Mk 9 pitot-static 
head are described and the results from this and other types of head are 
presented. 
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The ususl method of obtaining Mach number, airspeed and altitude in 
flight is to measure the pitof and ambient-static pressures -and feed these 
into suitably calibrated pressure-sensing instruments. The measurement of 
pitot pressure usually presents no great difficulty because the value of this 
quantity is not greatly dependent upon the siting of the sensing head rela- 
tive to the aircraft. On the other hand, the static pressure is very greatly 
dependent upon the relative positions of sensing head and aircraft and for 
supersonic aircraft particularly, it is difficult to find a position for the 
sensing head which will produce acceptably small errors throughout the Mach 
number range. 

At transonic speeds the problem of static-pressure measurement is 
additionally complicated by the presence of shock waves moving rapidly over 
the aircraft and its sensing head giving rise to sudden variationsinpressure 
which result in errors not only in the recorded velocity but in rate of 
change of velocity i.e. in sensitivity. 

This note is concerned primarily with the measurement of static 
pressure in the transonic region, The first part describes some free-flight 
experiments to investigate the variation of static pressure ahead of bodies 
of revolution having different nose shapes. The second part is concerned 
with the influence of the geometry of the sensing head upon the static 
pressure errors, and includes results from measurements on the Nk 9 pitot- 
static head which is standard equipment on British high-speed aircraft 

2 DlWXIFTIOI'T OF TEST-YWICLES 

Fig.1 shows three of the test vehicles used for the experiments and 
Fig.2 their dimensions. Each vehicle consisted of a plain cylindrical body 
5 inches diameter and 100 inches long with four rectangular stabilising fins 
mounted at the rear end of the body; these fins had a chord and exposed 
semi-span of 6.5 inches. 

At the front of the vehicle the appropriate nose shape was attached 
with the profile at the maximum diameter tangenti,&l to the cylindrical body 
at the junction. The nose of Test vehicle A was hemispherical, that of 
vehicle H was ellipsoidal with its semi-major axis equal to one body diameter 
and vehicle C had a tangent-ogivsl nose three body diameters long. 

To the front of each vehicle a cylindricaZt probe with a hemispherical 
end was fitted; on k and B the probe was 0.375 inches diameter and 14 inches 
long. On vehicle C the length of the probe was increased to 36 inches and 
the diameter increased to 0.75 inches to maintain adequate stiffness, At a 
series of stations along the probes, pressure-measuring holes were drilled 
at right-ang;les to the surface and these were connected to separate tubes 
running along the inside of the probe. The method of manufacture of the 
probe was such that the pressure hole at each station was at a different 
circumferential position from the others so that the surface of the probe 
was uninterrupted forward of each hole. The position of the measuring holes 
relative to the nose is shov,n in Fig.2. 

The internal pressure tubes were all kept the seme length, in order to 
minimise discrepancies due to pressure lag, and fed separate pressure trans- 
ducers carried within the body OS the test vehicle. The pressure transducers 
were effectively differential-pressure gauges and the datum side of each 
instrument was connected to a common reference chamber which was se&Led 
before flight at ground-level ambient pressure. 
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The information from the pressure transducers was fed to a 465 MC/S 
telemetering transmitter located within the body of the test vehicle and 
this radiated a signal through a pair of spike aerials mounted on the body 
well aft of the nose. 

The test vehicles which were launched from the ground, were boosted 
to a maximum Xach number between 1.3 and 'I .4, by means of a 5 inch diameter 
L.A.P. solid-f'uel rocket motor which formed the final 63 inches of the 
body. After the rocket had finished burning the vehicle was allowed to 
coast down through the Mach number range to about31 = 0.8 before finally 
striking the ground, It was from this coasting part of the flight, when 
the effects of acceleration and vibration xere at a minimum, that the tele- 
metered results were taken. 

Based on the maximum body diameter the Reynolds numbers for these 
tests varied from 2.4 mil'%.ons at M = 0.8 to 4.1 millions at M = 1.4. 

3 RESULTS 

The methcda of obtaining trajectory ard velocity from kine-theodolites 
and radio-Doppler have been described elsewhere'; the ambient atmospheric 
conditions at altitude were obtained from meteorological observations made 
at the firing range at the time of the test. 

3.1 Tests on a vehicle with a hemispherical nose 

The telemetered results from the vehicle with a hemispherical nose 
are shown in Fig.3 as plots of pressure coefficient, Cp, against Maoh 
number, for the appropriate measuring stations ahead of the nose. The 
curves for the front four points show the characteristic shape for this 
type of measurement, i.e. an increasing pressure coefficient, owing to 

compressibility effects, from&I = 0.8 to about M = 1.0, followed by a 
sharp drop as the bow shock-wave passes the measuring point, with the 
value finally settling near to zero. The fact that this final value is 
not zero, as might be eaxpected since it represents conditions ahead of the 
bow-shock, is in all probability a combination of experimental errors s&I 
interference due to the probe itself; this vrill be discussed in the second 
part of this note. 

The position of the shock ahead of the nose will be determined by the 
Mach number and as we see in Fig.3, the blach number of the sharp pressure 
drop varies according to the station at wnich the measurement is made. 

The peaks of the pressure coefficient curves in Fig.3 become less 
sharply defined as the measuring station moves back along the probe and 
this may be caused by an increasing amount of diffusion of the pressure 
at the foot of the shock due to the progressive thickening of the boundary 
layer. 

The most mcarked anomaly in the results shown in Fig.3 occurs in the 
pressure measurements from the two measuring points nearest to the nose 
of the body, ati these results serve to illustrate one of the difficulties 
which may accompany attempts to measure free-stream static pressure by 
means of a probe. The behaviour of the pressure plot of these two rear - 
most points on the probe is much the stile as for the other stations up to 
about M = 1.0; after this the shape of the curves no longer follows the 
earlier pattern. The pressure coefficient does fall away after reaching 
a peak but the fall is fairly gentle and for both thtise points it finally 
settles down at a positive vslue of C c 0.34. Seadon' has suggested 
that this is the value one would expegt behind shock-separated flow and 
Mair3 ard other workers have shov;n that the effects we have measured sre 
to be expected when a probe i s mounted OK a blunt-nosed body. As the 
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bow shock :qyro~ches the body and the pressure inr,reases so conditions 
finally occur -&ere the flojv sqaratos from the nose probe and a conical 
dead-air region is formed in which the pre ssure is substantially constant at 
n givsn Xach number. It is clear from E.g.3 that such a condition is well 
est&li&d at- X = 1.3 311a t‘- rw conical dead-air region extends for at least 
0.0 body diamctcrs &cad of the nose, 

. 

3.2 Tests OQ a vehicle with an <~llipsoi.dal nose -.-w----1--. I_p---__t- 

Turning now to Pig, 4 WC set that the results for the test vehicle with 
the ellipsoid:*'i nose (vehicle 3) are generally OS the same form as those for 
vehicle A but the pressures are lower at all. stations ahead of the nose. It 
iS evident i'rom this 13qure that a dead-air region h&s again formed ahead of 
the nose but this time the affected region does not; extend so f,ar forward, 
a result which miyht be exy~ected fyom the lowr pressures Which have been 
measured at each stiation. 

. 

In previcus experiments on static-presslsrc ~~easurement~ attempts have 
been IIiaGe to relate the peak prc ss~we coefficient v?ith the pressure behind 
a n01m?1 shock 8‘2?ie and cdthouph there 
pressures should be identical it is 

is 110 a priori reason why these ~WJ 
instructive to compare them. (Fig.3 and Ic). 

The peak pre ssmaes recorded on vehicle h (Pig.3) are consistently higher than 
the normal-shock values although for vehicle B - allowing for the difficulty 
in defining peCak pressure - there is better agreement (Fig.4). 

In Nef. 4 the r5sQts of static pressure measurements ahead of sharp 
nosed bodies grove siIflil;~.r xY3SUltS t0 those YscCJUied for Vehkk h, i.e. ihe 

pressure rise was great or than normal shock theory predicted or alternatively 
,the Xac h rnnri~b e r at wl~iclz the pressure riso occur-rod could be considered to be 
some 0.02 in Mach ,number loser th?n mould have been predicted. 

The rt,sults IIYMI vehicle C, which had a tangent-ogive nose, arc 
present eb in 35-g .5 , The pressure coefficients for this vehicle were expected 
to be substal:tially lower than for the other two vehicles and this, together 
with the ilitrodiztion of new instrument"1 1 & , allowed a lower range pressure 
transducer (YI p.s.i.) to be used inste2 02 the 26 p.s.i. instrument used 
on the ea.7licr vehicles. Since the gen&rsl level of accuracy of the tele- 
metering equipment is fixed by the frequency band-width availi?ble and since 
the instrument rm7e A is tied to this bond-width7 the accur%*y in terms of 
pressure for the s&ller range of instrument was correspondingly increased. 
Thus the increased scale of Fig.5 compCared with the earlier figures is 
justified by the improvement in accu:~acy. 

As was expected, the recorded pressures are lower than for the earlier 
vehicles ‘and titere is no7 no evidence of any separation leading to a dead-air 
reeion lzcar the nose of the body. The results from tliS points near the nose 
~f'~i,he body folio-u the same pattern :~s before but working forward along the 
prob:3 we see that by the tiiyke v:e re,ach a point some three body diameters 
ahe:aZ of the nose the pressure increment producing the pe,!;. has settled down 
to a more or lezs constant value, except for the most forward point where the 
pressure pattern ag~ain changes considerably. This difference in the shape of 
the pressure curves near Zhe .front of the probe is probabl,y due to the 
pressure field from the nest: oi the probe and similar results were obtained 
from a probe mounted much further &lead of the nose of the body where the 
influuenco of the body would be e:ri>ected to be even further reduced. 
(See I.)zt Ii and Fig.4 0) . 

It is clear from Fig.5 th::.t the Ilaoh number at which the peak occurs on 
the Por~ard points of the probe is slightly less than unity and yet we should 
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normally not expect any bow shock to exist at subsonic speeds. In Ref. 5 
Prandtl deduced that for decelerating flight along a straight line a bow 
wave could be expected to exist some distant: e ahead of the nose of a body 
a? Mach numbers slightly less thanunity and in Ref. 6 Cope demonstrates 
the presence of such a shock wave on a decelerating projectile. The test 
vehicles on which the present measurements were made were decelerating at 
about 70 ft/sec* and it seems probable that in spite of the Mach nurAber 
being less than unity the peaks themselves e.re nevertheless due to the 
presence of the bow shock. 

Considering all the results from the three test vehicles it is clear 
that at subsonic and transonic speeds large errors in the measurement of 
free-stream static pressure must be expected if this measurement is made 
in the region immediately ahead of a body. How far ahead of the body it 
is necessary to go to reduce the errors to an acceptable level will largely 
depend on the shape of the nose and the dimensions of the body. It is also 
clear from the results for vehicle C that after moving forward a certain 
distance the errors will be reduced to velues where the existence of the 
measuring probe itself will set the limit to any tirther reduction in 
measuring error, This is illustrated in Fig.6 where the rqaximun recorded 
value of Cp is plotted agdnst the distance from the nose. For the ogival 
nose there is clearly little to be gained by placing the sensing holes 
more than two body diameters ahead of the nose and even for the ellipsoidal 
nose the Cpn, is less than 0.1 at this d.istawe. The westion of what 

errors are acceptable is beyond the scope of this note but some unpublished 
work suggests that if C 

%ax 
is not greater than 0.1 the subsonic and super- 

sonic errors will be acceptable and the loss of sensitivity in the indica- 
tion of Mach nu?&er at high mbsonic speeds will not exceed 5@*. 

PAR2 II STATIC-PREXWFB %RRORS OF MK 9 A7D ZYfERIWBJRIY'G HEADS 

4. Il'~TROIXCTIOI~ 

In the earlier part of this note we saw that a careal choice of 
site for the location of the static-pressure measuring head in relation 
to the major components of the aircraft or missile was of the first 
importance if large errors were not to be introduced. We also savlz that 
even when this site -aas well chosen and the pressure-sensing holes were 
well ahead of the body bow shock wave, there were still errors which we 
deduced -zzre due to thc probes themselves. To learn something about the 
errors introduced by the probes exd to try to find some way of reducing 
these errors, free-flight tests were made on a number of test vehicles 
with probes having differing measuring heads, perticular attention being 
given to the &ik 9 pitot-static head which is standard equipment on 
British high-speed aircraft. 

x 
Sensitivity here is Zofined as 

aNi 
-= 
abs 

(, - acAN) 
ski 

where M is true Elach mber 
M, is indicated Mach number 

AM is correction due to Cp error. 
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5 DESCRIPTIC3 13 TEST -VEHIC~3S 

The vehicles carrying the measuring heads to be tested were sub- 
stmtfally the saz~e ct8 vehicle C described in Part Xt i.e. they all hekd 
tangent-ogive noses *bee diameters long. Extending $kam the nose of each 
was e tapered support carrying at its end a parallel &t&e, and except f&r 
vehicle J, this parallel portion was terminated by a hemispherical front end. 
km tapered support extended some five body diameters ahead of the nose of 
the body and its dimensions corresponded to those of the tapered support 
Which forms part of the standat-d Mk 9 pitot-static head. Dimensioned sketches 
of the heads discussed in this part of the note are shown in Fig.?. 

Although the general arrangement of the support for vehicle J was the 
seine as for the other models there were dimensional differences as Pig.7 
shows. The body of revolution which was tested on this vehicle was 12.5 inches 
long with its base 7.5 inches forward of the junction of the tapered and 
parallel sections of the support. Unlike the other measuring heads which were 
manufactured from metallic materials this one was made from hard-wood with the 
surface smoothed and polished to wind-tunnel model standards and in this case 
the nose, instead of being hemispherical was in the form of a tangent-ogive 
4.5 inches (3.6 diameters) long. 

The experiments covered the range 14 = 0.87 to IYI = 1.4 (with the excep- 
tion of vehicle J where the maximum was IM = 1.17) and the maximum height of 
the trajectory of any vehicle did not exceed 1700 ft. 

6 EESClLTS _I- 

6.1 Tests on 14.~ 9 heads 

Vehicle D, carrying a standard l4.k 9 pitot-static head, was the first to 
be tested in this swies. Ahead of the tapered portion, the head was q4 inches 
long and 0.75 inches diameter, with the hemispherical front end pierced along 
its axis by a 0.24. inches diameter hole, For these tests this hole, which 
normally picked up pitot pressure ITas sealed at the pipe connection inside the 
body of the test vehicle so that the inside of the pitot tube was maintained 
at pitot pressure Ttit!l conditions at the open end unchanged from those normally 
applying in practice. 

The static-pressure sensing slots werf: located at two stations 6 inches 
and 6.5 inches f!rom the nose of the head and were arranged in two groups of 
three slots, each slot extending around 1/6th of the tube circumference. The 
six slots connected with an annular chember which surrounded the central pitot 
tube and from this chamber the static-pressure was fed to a +I p.s.i. pressur% 
trmsducer contained within the body of the model and incorporated in the 
telemetering system. 

A plot of the measured pressure coefficient against free-stream Mach 
number is sho~m in Fig.8. From a fairly low subsonic value a sharp rise and 
fall occurs Trith the peak at aMach number slightly below unity and this peak 
is followed by a progressive rise as the Mach number increases in the super- 
sonic region. This progressively increasing error did not appear in the 
results from the earlier tests on vehicle C in Pert I but there is a probable 
explanation &ich is related to the construction of the standard Mk 9 head. 
A l/32 inch diameter hole connects the pitot tube with the static chamber on 
this head, allowing any excess water which may collect in the pitot tube to 
drain away through the static slots at the bottom of the assembly. It appears 
that with the rapidly increasing pitot pressure at supersonic speeds the effect 
of this drain hole is bc+oming too great to ignore. 
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In order to investigate quickly the effect of removing this drain 
hole without the delay of breaking down a standard head, a further free- 
flight test was made with a standard head but this time with the pitot tube 
blocked at the entry. In this way there could be no large air-flow between 
the pitot and static sides and the only external difference was that the 
end of the probe was now truly hemispherical instead of being pierced by 
the pitot entry. 

The results from these tests are also shown in Fig.8 and it will be 
observed that the values of the pressure coefficient are lower throughout 
the whole range of Mach numbers a$ although there is still a rise in Cp 
as the supersonic Mach number increases, this rise is not so rapid ti the 
rate of increase is less at the higher Mach numbers. At M = '1.4, the 
highest Mach number of the tests, the value of the pressure coefficient is 
only one quarter of the value recorded for the standard bXk 9 head. 

These results from vehicle E were sufficiently encouraging for a 
further test to be made, this time on a head which was manufactured without 
a drain hole, vehicle F, This allowed the experiment to be done with the 
pitot entry unblocked and the external conditions exactly the same as they 
would be in service. 

The pressure coefficients recorded for this test, see Fig.8, are 
somewhat surprising. Within the limits of experimental accuracy the sub- 
sonic and 'peak' pressures have returned to the values obtained on the 
standard head but the supersonic values instead of rising, now remain 
fairly constant. In other words the progressive supersonic rise has been 
eliminated but none of the earlier improvements has been repeated. This 
difference in the two results may be due to one of two things; either it 
is a reflection of the experimental errors or it is due to the alteration 
in the external flow when the pitot entry is blocked. A study of the 
results from other models covered by this note suggests that there is some 
evidence that smaller pressure errors are recorded when the end of the 
probe has no pitot entry, but these reaed differences approach the limit 
of experimental accuracy. 

6.2 Tests onXk 9 head with variations in static slot position 

From the tests on vehicle F it was clear that even when the drain 
hole connecting pitot end static was sealed there was still a residual 
error at supersonic speeds despite the fact that, as we know from the 
earlier tests, the measurements were made at a position well ahead of the 
bow-shock. The most likely cause seemed to be due to effects fern that 
part of the probe forward of the measuring slot, although there might have 
been some influence due to the proximity of the junction with the tapered 
support. To get some idea of just how significant the position of the 
slots was in relation to the front end of the head and to the junction 
with the support, two further tests were made. 

In the first of these tests (vehicle G) the length of the parallel 
portion of the probe was increased to 15 inches and the mean distance of 
the slots from the front end reduced to 6.0 inches, Thus for this model 
the slots were 0.25 inches nearer to the front end but 1.25 inches further 
away from the support junction compared with the standard head. 

On the second test (vehicle H), the length of the parallel portion 
was increased to 18.0 inches and the slots were cut at a mean distance of 
9.0 inches from the front end. Compsred with the standard head the slots 
had therefore moved back 3.0 inches but like vehicle G they were 1.25 inches 
further forward of the slIpport junction. On both vehicles G and H there was 
no connecting drain hole between the pitot end static sides of the head. 
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The results from the tests on these tao vehicles are presented in 
Fig.9 together with those from vehicle 3' which was the one fitted with the 
standard head but with the drain hole sealed. There were some small improve- 
ments with the extended heads, that with the measuriw slots moved from 
6 inches to 9 inches aft of the front end giving the better result. But 
these improvements were small an? only just significant when related to the 
experimental accuracies. At n free-stream Mach number of 1.4 the best 
improvement (between vehicles F and H) would correspond to a reduction in the 
error of the pilot's Machmeter from 0.012M to O.O@Bii and considering the 
limitations of the present experiments one would hardly be justified in 
changing the design of the standard head to achieve this limited improvement. 

6.3 Tests to measure the )ressure along an extended static head 

. 

!!Jhe results from vehicles G and H suggested that it might be worth 
investigating the WJJ in which the pressure varied along a parallel probe to 
see vtiether there might be some measuring position superior to that already 
tested. For this purpose a much extended head was built and the pressures 
measured at eleven points along its length, (vehicle I Fig.7). The parallel 
head portion along which these measurements were made was 36 inches long and 
v~as mounted ahead of the body by means of a tapered support similar to that 
used for the Mk 9 heads. Unlike all but one of the earlier tests described 
in this part of the note there -qas no Ditot entry ard the front end was 
completely hemispherical; a dimensioned sketch of the probe is shown in 
Fig.‘/'. The construction of the measuring head itself was similar to that 
described for vehicle C in Part I. 

l3q~LLly spaced along the head mere eleven holes, each hole being 
displaced 'I/llth of the circumference relative to its neighbour. A series 
of pipes, all of which were kept the same length, connected the measuring 
holes with 21 p.s.i. pressure transducers located inside the body of the 
test vehicle. 

The results of the test on this model arc shown in Fig.10 and like all 
the earlier tests where the meeasuring point s were well ahead of the nose of 
the body the small peaks in ths pressure curves occur at Mach numbers slightly 
less thtil one. There appears to be no significant trend to suggest that any 
one position is better than another and apart from random scatter the results, 
at &I = 1 .2 for exmgle , suggest that the pressure coefficient is fairly con- 
stant along the 10~21 length of the head. 

If we consider the results from the measuring point nsarest to the nose 
or the ihead we see that the pattern and magnitude of the pressure discontinuity 
near 1% = 1 is substantially differen t from that measured at the other stations. 
This same effect was found on vehicle C in Part I where a similar probe was 
used; in that case however, the front hole in the head was only 33 inches 
ahead of the body nose compared with 58 inches for the present vehicle. This 
s-irnil,zrity in the pattern of the pressure curves coupled with the wide 
differences in distance ahead of the body nose suggests that the different 
pressure pattern at the most forw,o.rd station is due to the proximity of the 
nose of the probe and not due to the bon-shock from the body. 

6.4 Tests on a head with ogival nose c__-- 

The tests so far reported suggest that having moved far enough ohead of 
the body to eliM,nate effects due to the body, there relmain residual 
errors which c,an only be removed by modification to the probe itself. We have 
seen that although at all stations a small pressure peak occurs just below 
i$ = 1 the effects are more pronounced near the front end. All these results 
refer to probes with hemispherical heads but an earlier free-flight test, not 
designed specifically PJr the general investigation of static-pressure 
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measuring heads, gave some results for the pressures behind an ogival nose. 
These results have boon included in the present note. 

The test was made on a small body of revolution of fineness ratio 10 
having a diameter of 1.25 inches and an ogival nase 3.6 diameters long; 
this body was mounted ahead of the main body of the test vehicle in much the 
same way as were the static-pressure measuring heads already discussed. The 
general arrangement of this model and its mounting together with dimensions 
is shown in Fig.7, &de1 J. At the time of these tests it was necessary to 
use a pressure transducer having a range of k3 p.s.i. and consequently the 
accuracy, in terms of absolute values of Cp, is correspondingly reduced when 
compared with the tests reported enrlior in this part. 

The model head was manufactured from wood with the surface highly 
polished; wrapped around the ogiv,al nose at a station 1.75 inches from the 
nose was a nylon thread designed to fix transition end to ensure that the 
flow over the body was turbulent. 

The results ,ze plotted in Fig.1 "r which shows the pressure coefficient 
variation with Mach nur&er at six positions along the body, the first 
position corresponding to a station 0.5 inches aft of the junction of the 
ogive and parallel section. These curves show the way in which the supcr- 
sonic region which develops over the nose affects firstly the most forward 
point and then moves rapidly back as a free-stream Mach number of one is 
approached. 

At Hach numbers greater than one, qu- +te large negative pressure 
coefficients were recorded at the most forward stations but these changed 
progressively to small positive values as the measuring station moved back. 
We therefore deduce that there is some station between these points where 
at supersonic speeds the pressure coefficient is substantially zero. NO 
attempt has been made to interpolate between the results from these stations 
to determine where the value of Cp is zero because the pressure differences 
recorded in this region were small enough to be approaching the limits of 
the accuracy to be expected from the experiment. Nevertheless, it does seem 
that the pressure ch,anges its sign ,at a station somewhere between 7.5 inches 
and 10 inches aft of the ilose. 

The few pressure measurements made at stations behind that at which 
the pressure cocfflcient is assumed to change sign suggest that like the 
earlier tests on heads with a hemispherical-nose, 
is settling down to a small positive value of the 
on the earlier tests. 

7 c0NXJs1oT;I's 

Measurements of the pressure field ahead of 

the pressure coefficient 
same order as recorded 

bodies of revolution with 
various nose shapes suggest that for nose fineness ratios likely to be 
used on transonic or supersonic aircraft there is little to be gained by 
having static-prcUY -Pure sensing holes more than two body diameters forward 
of the aircraft nose. 

For positions further forward than two diameters the transonic and 
supersonic errors arc dictated largely by the shape of the sensing head 
itself. At zero incidence with a hemispherical nose on the sensing head 
the minimum supersonic error achieved corresponded to a Cp of 0.01. 

Any connection between the pitot or static circuits on a pitot- 
static head increases the static-pressure error at supersonic speeds. 
There is some evidence that the presence of the pitot-pressure entry may 
also increase the static-pressure errors. 

- 10 - 
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