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The apparent displocement of the effective centre
of a cix “cu_g.r pitet tube from its goome .;_r:'_l.r- centre when :
placed in norroy wakes has been measured ot sub- ond super-
sonic *taefls. Similar e:’.‘f‘ects were found at all spceds, If
the tube diometer was small corpared with the wake width, the

dlarla:an‘.nu was towards the region of higher velocity, and Ly

as propor-tional to the tube ocutside dicmeter, For larger %’

tubes the displacer:.ﬂnt was reduced, and was reversed in i
cn t"m tube diameter exceeded sbout three tines
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2, List of Symbols

a radius of cylinder (see fippendix)
D outside diameter of pitot tube
d inside diameter of pitot tube
ﬁp pitot pressure (messured) in wuke
HB reference pitot pressure (mecsured) outside wake
i Mach mumber
Py stagnation pressure ahead of pitot tube shock wave
Po calculated freestrean stagnation pressure downstreom
of trailing edge shock wave
r,0 cylindrical polar coordinates
H/Ho
S transverse gradient of total heod ratio 3y
u freestream velocidty alorng oylinder axis (see ﬁppaniix)
57 apparent woke width
W undisturbed weke width
vy naxirun undisturbed wake width
(x,5) rectangular cartesian coordinates
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3¢ Introduction

It has been shovm by Young end iless (1) that ot low
subsonic spe is th cffective centre of a pitot tube in =
transverse gradient of total head is displaced from the geanetric
centre of the tube towsrds the region of higher velocitye.

Their results showed that over a fairly wide range of conditions
this displacenent was approximately equel to 0,18D, where D

is the cutside dismeter of the pitot tube. It follows that A
the displacement effect is smoll if the pitot tube diameter

is small comparced with the width of the region of varying

total head. In gencral, thercfore, in experiments in wokes

or boundery loyers at subsonic speeds it is usual to select

o pitot tubc diameter small compored with the woake width or
boundary layer thickness,

¥
2

:-W?;,q'_ﬁ, 1. R

1

&t supersonic speeds, however, it may often be , ='

desirsble to use a pitot tube whose size is large compared |
with the dimensions of the wake or boundary layer which it !

is traversing, This may be due either to the small size of ;
model being used, or in intermittent wind tunnels where the L&
lcnb time lag associated with a small tube must be avoided, . 49
It is therefore important to know the magnitude, if any, of I 3
the pitot tube displacement effect in flows at supersonic . ta¥3 3
speeds, leasurements with p:l. tot tubes in the wake of an {
agrofoil at a liach number of 1,96 have been reported by £i 738 4
Johannesen and Hair (2), These tests were conducted in the 1. : X
wake of a8 0,75in. span _.,:Lnble wdge acrofeil, 2,5in, dovnstream i
of the tralling edge, The outside diamcter of the tubes (! .= s
used varisd from 0,036in, to C',,._O_Ln., but no displacement i: .2
erfcet as found by Young and Maas could be detbected, ; 2 :
R
_ .
The experiments described in this report were G | TS
intended to inveutigdte the displacement cf'fect over a wide | mEl 2
range of llach rnumbers and tube dismeters. For completeness, ¥ gy S0
some tests having similer ratios of pitot tube diameter to i I;;:_(_.Js &
welre width were also carried cut at a low subsonic speed, ji v=mae oo
Y laguor tost xtended the ranze of the Young -:nd iaas . gg' =
TO T sase wners the Ditot tubs ' o Lo O3 ; g! ' %
gseme order a3 the wake '-.';i&tn_. i ﬁi._ :i—;é
P | SRBY B3
The experimental results at zupersonic speeds werc | EHE '*’:
dbtained between 1953-1955 by Brown A.C. and 0lds W. (I = 1.75), z 5 E
Keates R,E, and Socha W, (M = 2,36), Hastings R.C, and Scarle G.A.C, P 1ERe B

e e
— e R N

Ehasi gl

(i = 3.19), as a part fulfilment of the requircments for the
Diplcma of the College of Aeronautics,
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s Descripbicn of tests and apparatus

(i) Supersonic

These tests were conducted in the College of Aero-
nautics 2}in. x 2%in, supersonic intermittent wind tunnel at
}Mach numbers of 1,75, 2.36 and 3,19, In normal operation,
air flows from a dry air bag at atmospheric pressure through
the working section of the tunnel into vacuum tanks which are
exhausted by centinuous pumping. The normal available
ruming time varies from cbout 30 seecs,. to S0 secs, according
to the Mach number, The stagnation pressure of the tunnel
was approximately equal to atmospheric pressure, the small
difference being measured by a Chattock gauge. The free=-
strecam liach number was found by measuring the static pressure
ot the surface of a calibrating cone placed in the working
sectione.

The dimensions of the pitot tubes tested at cach
lMach number are given in table I, The tubes were first
tested in the empty working section to check that they all
gave the same reading. A two-dimensional symmetrical double
wedge acrofoil of Zin. chord and thiclmess chord ratio ten
per cent was then fitted in the tunnel, and traverses were
nade through its woke, 1/4in. behind the trailing cdge, The
traverses were made in a direction perpendicular to the plane
of the wing, by mounting each pitot tube on a sliding support
moved by a micrameter screw, A static pressure tube iras
also traversed behind the wing at the same positions At
I = 3,19, a similar wing of 1.75in, chord was also used, in
crder to obtain a wider woke,

The pitol pressurcs were measured on a vertical
mercury mancneter, to an accuracy of about 0,01in, of mercury.
Corrcspording readings of static pressure were token from
tappings in the top liner of the working section, A nurber
of Schlieren photographs were talken at each lMach number, and

some of these at M = 3.19 are shown in figs. 15 -~ 18,
(11} Low speeld

Two sets of low specd tests were made, the first
being at a wind speed of 59 f.p.s., using the pitot tubes
whose dimensions are given in table II, Traverses were made
in the wake of a 2in, chord symetrical 10 per cent thick
aerof'oil, with the pitot mouth 1in, from the trailing edge.
The total head pressure was measured on an inclined tube
manometer, and the traverses were repeated several times in
one direction only, to avoid errors due to backlash in the

lead screw of the traversing gear. In these tests all the
pitot tubes cxcept that of 32mm, diameter were very small




compared with the weolke vwidth,

The sceond cot of tests was made using very narrow
wekes, given by 1/16in. end 1/32in, thick flat plates of 1in.
chord at zero incidence, The vind cpeed was 50 f.pes. and
pitot tuves 2, 3, 4 and 9 (table II) were uscd,

He Resulis

(i) Supersonic

4t ezch lach nmuber, static tube traverses were
made across the working seetion in the wake of the acrofoil,
and the static pressure was found to be constant vwithin
about + 2 per cent., The pitot tubes were then tested in the
empty working section, and found to give similar readings of
total head, indicating that no errors duc to viscous effects
were present,  This might be expected, as Shermon (3) gives
Re = 200 as the Reynolds nurber below which viscous effects
on pitot tubes are important, In all these tests, the
Reynolds number, based on conditions in front of the pitot
tube shock wave, wos greater than 1000 per mm.  The readings
of total head cbtained from the pitot tube traverses were

=

[

4
u

exprezsed as a fraction HT) P,s Vhere Hp is the total *;
X ' E
head reading, and p is the caleulated stognation pressure 21
) I G w2 - i
behind the trailing edse shock wave in an inviscid flow, I '
s P i 7 .- - = B
Typical total heod profiles ocross the weke at i = 3419 exre &

chotm in fig, 1. It will be seen that the apparent wake
width at eny given value of Hp/r-o increases as the tube

diameter is incrcased. Thus the offect of pitot size in

This case is to displace the effective centre of the tubc i &

towards the region of lower velocity - an effect opposite to “ "'

that found by Young and Jaas at subsonic speeads, "I res
that re g T ! 5
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Flow Total

Direction Head
Profile

As will be secn from the diagram above, this rise in total
head occurs in the region behind the fan-shaped compression
waves near the trailing cdpge, Since it is probable that the
total head loss across this conmression foan is slightly less
than that across the single oblique shock wave fuarther out,
this would explain the higher measured totol head reading.
This effect was not observed in the case of the larger wing,
vhere boundary laycr separation, induced by the upstrean
influence of the pitot tubes, occurred at about 60 per cent
chord.

The results of the traverses behind the 1.75in.
chord vring at M = 3.19 are shown in fig, 2, It will be scen
that the displacement effect is in the opposite direction from
that found when using the smaller wing,

to 8, the apparent woke width w, at
I /o, is plotted against the cxternal

tubes tha internal dianeter being

R o m . WO SO ST V.. TR, 1 & W - . W O Tt
COIID oIl he undizturbed weke WlilTil, nro’ at esch valuc

of total head, is given by extrapolating these curves back to
zcro diameter, and the displaccment of the effective tube
centre from its geometric centre, &, is equal to z#(w - wo).

On cach of these graphs is also shown the estimated undisturbed
naximunm wake width, Ho' This is taken as the maximum width

of the linear portion of the profile given by the smallest tube
‘used, It may not be an accurate estimate of the interference
frec maxiimn wake width but is useful as a reference length

in analysing the results,
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The variction of displacenent with internal diameter
vas not investigated as such. In the results obtained for
tubce of constent retio d/D of internal to cxternal diameter,
moszt of the displacoaent wes accounted for by the variation ;
of ¢xternal diamoter, and the effect of internal dianeter for |
valucs of this ratio less than 0.5 was found to be negligible,
For % > 0.5, a slightly smallcr displacenent was found,
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411 the readings were expresscd as ratios of

i
i Bl
indicated totzl head to free strean total head, and typical FRE 1 EE
rrofiles with different wakes are given in figs, 3 and 4, ;l' }:E
Plcis cf the apparent weke vwidth ogainst dismeter are shown P R
in Jigs, 9 and 10, together with an opproximate value for the =853 3
undisturbed mactinun vieke width ‘n‘-!'o (sce definition shove), =R
Tre offent of worring the fnbternmal dlancter, vith cobstant B
cuvoide disidter, is shown in fig. 12, vhere woke widths ¥ EE{” h
obtained in the first set of experiments with pitot tubes of g BRRL E
52, outside dismeter and inside diameters of 1.7mm. to 20m. i Eig!é?' £
are shoims It will be scen that as in the supersonic case, § 13;;! E
HE—3 1]
S

the internal dismeter has negligible effect for 0,1<d/D < 0.5, i |
Por valucs of d4/D greater than 0e5, the displaccment effcet
was slightly reduced. For very snall inside diemcters s the
displaccnent effect was slightly increased.,

g
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(i) lNature of the flow pattern

To clarify the physical picture, let us consider a
pitot tube placed in an inviscid shear flow, such that the
change in velocity across its dilemeter is small compzred with
the mean sireanm velocity. The vorticity present in the frece-
strean will give rise to a curvature of the streamlines in the
vicinity of the tube and in particular to the stagnation

— —_— —_— S v —
increasing - l\_x: > _Tube
velocity ” IS il

i I T R
- ——
V4 R

streonline vhich intersects the mouth of the tube. This
stagnation streamline, therefore, docs not come from o position
for upstream coaxial with the pitot tube, but from a posi
displaced toverds the region of higher velocity.

Sincc no flow is possible dovm the pitot tube a

free streamline will exist across the nouth of the tube. This
must be approxinately o line (or surface, in the three-dimen-
sional casc) o constant pressure and velocitys th-:: pressure
is c:ciual to the total hoad of the stagnation strecmline, ond
the velocity is zero. Thus the flow past the pz_tot tube

will be similar to that past a solid body of the same outside
dimensions, The inside dismeter therefore should have little
effcct on the cxternal flow,

When ulh, pitot tube spans the ccentre of a wake, mnd

1o B0USa WNoH Dy TE _—.--'. ns orf aﬂ osite vorticity, the problcn

R

: n cttenpt was nade 1o
Gotain o two-din ‘uflui‘u"'l.,.\l picture of such a flow in & snoKe
tunnel, but any mecsureable displacement of the stagnation
strecamline was n_w.‘cgcl by the rapid spreading of the flow
near the tube nouth, '

(ii) Direction of Displacement

The low speecd experiments of Young and liaas, and
also the earlicr low speed tests made at Cranfield, showed
that the displacement effect was torwards the region of higher
velocity, snd equal in practically all cascs to 0,18 D, It
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eopeared to be independent of total head and wvelocity gradient. g
On the cther hand almost all the supersonic tests showed a
displacement in the opposite direction, which varied consider-
ably with total head and Mach muber. * (Except for the larger
‘wing at I = 3.19, only one wake was used at each Mach number).

/It was ... !

Since cn theorctical grounds the displacement effect is a B
Tuncticn of the sign of the vorticity ahead of the pitot ¥
tube it was suggested that the negative displacement effect :
at supcrsonic speeds might be associated with a change in {
sign of the vorticity of the flow in crossing the bow shock i
wave of the pitot tube. In fact it is found that for o !
plane shock wave, upstream of which the supcrsonic flow is ki
of constant vorticity and static tempsrature, a reversal in i
sign of the vorticity dovnstresm of the shock wave occurs if
for liach numbers between 1 and 2, In cases where the

totel energy, rather than the static tempersture, is con-

stent upstream of tho shock wave, the vorticity is reduced

T

1
in sign at all supersonic Mach numbers  This might there- l
fore explain the change in direction of the displacement ;i
in the supersonic experiments. ~ Howaver, there is no i ‘&)
evidence as to whother either the temperature se total . 2 ]
energy 1s constont across the flow, and it is difficult to 1 3!
establish whether this reversal in vorticity would take oS8
rlace across the curved bow wave. In any case, as the ! '_il'
later cxperiments showed, a reversal of displacement can 4 = .
also cccur at subsonic speeds. EFI 28
4 hERl
i IERE
M BT

b b
e




-10-

It was noted, however, that the earlicr low speed
tests were all made using tubes of smaller diocmeter thon the
mexinun wele width, whereas the supersonic tests giving a
reversed dl_,plc.cenunu used very narrow wekes, oand the tube
diancters were then ot least twice the weke width, The only
large supersonic woke used, thot frem the 1.3/kin. wing at

= 3,19, gave a displacement in the same dircehion os the
ecrlier low speed tests. It may be noted that boundary
layer separation occurred on the larger wing at 1I = 3,19, No
dlmlucc,lenb cffect was appcrent in fae relatively flat
central region of the wake but a positive effcet was found in
the regions of sheor flow, (We shall call this dirsction pos:r.t:we).
Sone further experinents were made at low speeds using very
narrow wakes and large tubes, ond a negative displocenent wo
found, The direction of displacement appears therefore to be
controllccl, in our experiments, not by the streaa ilach number,
but by the size of tube relative to the weke whidith, In
fige 13, the valuc of §/D given by experiment is plottecl as

o function of DAY o? where Ho is the undisturbed naxirma
wwoke vidthe A 10{;\1‘11:-1.10 scale has been vsed for D,ﬁ.?o 5

as these values vory fron akout 0,01 (Young ond linas 0,014dn,
to 10 (Cr ;nf:,t_m 6. o1 tube). It will be scen that
both the subsonic and supersonic results, bogethor with those
Qx “Tou_ng and linag, lie mub’ 17 on a enr:.ugnt linca. Tubes
for witich the value of D/W_ is greaier than sbout™ 2 give
(2%

e

l w
e o
negative displaccnent cffect, In the case of Johannescn
< P

and lleir, it was formerly assumcd thet no disploccient vas
chovm by their results, However, for their tubes B and G,
Df fo is of th:e order of 1 or 2, so we should C::‘ooct the

very small. Plotting the wake widths as
sec thot the mean displec 1ent fm' tube D
ole i snd for this -i;:l'-f: BT = 540, ThHigs vesult

- . T,
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L profllc given by tube D is considerably distorted, The

other lorge tube, F, which has a very sacll intcrnal diameter,
gives a negligible displacenent, This may be due to the small
internal diameter causing an increased positive displeocement

as found in our experiments, and so rcclucing the negative dis-
placement which would O‘t"lc.fhlut. have been obtained for this
tube
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Lis mentioned in the previous section, it was not
Possgible to obtain a satisfactory flow cebtern in the smoke
tumel for the cosze of a very wide pitot tube., It is evident,
however, that os the tube size incresses, the upstrean effect
of the tube on the wake development will becorme greater, and
there will be cor sidersble distortion of the weke profile and
cexternal floyw strecamlines, . 4n increcase of the actual wake
width will of coursc have o similor effect on the total head
readings as a negative displacement effects  The real dis-
Placement effcot » Which is always positive, will be masked
by the growth of the wale, and it is pernaps surprising that
such little distortion of the true wake profile occurs when
a Wbe of fairly lerge diameter is used,

(111) Hognitude of the Displaccment Effect

Having discussed qualitatively the effect of tube
; We can consider in nore detnil the behaviour of +the
displacement 8 vhon the tube is much smaller than the wake
width.  Under these conditions the tube nay be considered as
in a unidirectional constant shear flow. The experinental
rosults then show §/D 4o be equal to C,18D under a wide
range of conditions, (Only one such result was obtoined in
the supersonic tc sts, however, owing to the small size of wake
Possible in the twmel), is pointed out in ref, 1, §/D
sheuld be sore Tunction of D U &, vwvhere ¥ and u, are

The results therefore inply that F! D/uotg | 1s equal to

o

the vorticity and mesn velocity of the flow near the tube mouth,
N

Co18 for all positive valves of D/u,)é; > and =0,18 for all
- L
negative values s Viith o docontinuity as I:'/uoé Passes

through zero, Thysically, this is difficult to accept, and
it is nmore likely that the function decreanses rapidly for
values close to Zero, 45 would occur at the centre of s wake

Or with a very smell tube o (The displacenment given by the
Tz, tube in the low specd tests does, in foct appear to be
el loos then g, 18D

- - - - - et &

low around a three dimensional body in sheor
flow, such as a Pitot tube, has not been trecatea theoretically,
but some light may be shed on the problen by considering the
case of a two dimensional cylinder (see Appendix). The dise
Placement of the stagnation streamline from the body axis far

———————
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upstrean s found to be 7 = Za: 1+ 1+ = 5 ;
L 2u

(using the present sign convention)
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where a is the radius of the cylinder. The form of this
function is as shovm,

&
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' ¥
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It vill be scen that as 35- becancs large compared to univy,

_ s
) " 1 k
o ‘tends towards a constant value of — , Presumably,
. ﬁrr)

|

nercfore, the displacement effoct on the pitot tube will

2 i 4
behave in roughly the same monner vhen z‘_.’,D/uo becones large
with respect to a certain valuc, This value must be congid-
erebly less than 0.1, however, for the experimental results

; 3] ; b ]
show tha 7 remains constant for values of -13“;9- dowii o 0.1,
; g & "o g 2
experinentally the behaviow of 5 - in the region
(et . serics of exlreusely zpall pitot tubes in

a wide wake would be nceded.

Coning now to the case where the tube spans the wake,
and the displacement is reversed, the flow is clearly too
complex to find a theoretical relation for 8. Examination
of figs. 5 to 11 shows that 8 increases ropidly with tube

# A more general result for two-dimensional cylinders of
elliptical cross~section has been given by Mitchell and
imrray, (4)e
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H
—_— 8
dlaneter, ond appesrs to be almost proportional to ﬁi- 3

where Ho ic the pitot recding outside the vwrke., IT also
:i.nc'ﬂe- 25es with inerceosing velocity gradient (although the
variation of the latter was enall in the supcrsonic experi-~
:-1.-,nts). By rlotting wvalues of

log (where s is the totol head ratio gradient
Hp/Ho'B
d Hﬂ/HO
-—-a-*'-:}-—- egainst log D (fig. 14), it is found that the
displacenent veries approximately as ]Z)2 s, Wwhich gives the
dinensionally correct forrmla & = k %— «S D2 The present
e}

results give values for k of 0,012 to 0,023 for the super-
sonic test.:., tnd cbout 0,033 for the 10.. specd test. The
videst tube used in Johannesen and lair's experinents gives
& value of 0,035, Thus the order of nognitude of the dis-
plzcenent effcet due to dist ortJ.on of the wake by a very wide
tube mey be token as very spproximetely 0,02 B/HO s D2,

This is onl* ppllcsl;zle where the tube is at least
tvice the woke width, whereos the relotion 6 = 0,18D secns
to apply enly for tubx. dlw;tcr ¢ss than onc third of the
weke width,  In fhe intermediate repgicn, the true displacenent
cifect is cﬂcﬂrl,; nodified by the effects of distortion of the
woke,  Aalthough no six Lpl\. relation can be susgested for the
velue of & din this rogion, sonme ides of the negnitude of
the effect nay be dbtadned froo fige 1ha It vi1l be noted
that vhen DAV L'ro is opproxinately 2, the resultant displocanent

is practically zero.

(iv) JAccurscy of

Tn S

IEOCArney GF v part of
L, 3 pe . 4. o e I8 — & o
=~ «lepleceaent efif'cet. Thus, if o correction for the

displocencnt is applied to thv tube position, the reading of
The tube will be the correct total hend ot the new position.

Near the wake centre, where the total head gradient
falls to zero, there should be no error in the total head
adings provided viscous cffects arc negligible, This
&éppeors o be substentiated by experiment, since the varictions
in total head reudmg at the weke centre are less than 2 per
cent for tubes smaller thon the woke sridth., In the casc of
the wider tubes, the s;:rc.hdzng of the woke will of course
alter the truc total head at its centre.

T e
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For the videst tubes used, the total head at the woke centre
2 ars to be cliost doubled due to the presence of the tube,
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7+ Conclusions

Experiments have been performed to measure the dis-
placenent of the effective centre of a pitot tube from its
geonetric centre when placed in wakes behind various thin
two~dincnaional wings., The measurements were nede at low
subsonic speeds and also at supersonic liach nmumbers of 1.75,
2:45 and 3,19, using pitot tubes whose diamcters veried fron
Oo5im, to 31timi, The following conclusions were reachcd,

(1) Then the pitot tube is in a wole whose width is at
least three times the tube diameter D, or in & unidirectional
velocity grodient, 'L"r-e displac C"‘C‘I"L is towards the region of
higher velocity, ond is equel to O, Theoreticol con=
siderations, however, indicote thet '{1110 displecenent decrecses
from this valuc vhen the total head gradient or tube diometer
becone very anall,

(1i) IP the noximun wake width W is less than the
tube diocmeter, the *\p'oaro;u C]_'].D?'Jruhv-ll‘"‘glb effect decreases
zoro, ond then becones negetive (i.c, in the direction of
decrcasing velocity ) ag the ratio DAY , increases,

(iii) Por valucs of D/ T creater thon cbout 3, the

=
<

of totel head measurcd at a point in the woke to that cutside
the woke ), and s (the transverse gradicnt of H/Iio azross

the tube face),

(iv) The displecement is practically independent of
internal tube diometer, d, provided this is less than half
the external diamster, For values of the ratio d/D greater
thon this, the displacencent is slightly reduced,




45

F e @ o .
\v) Lo appreciable errors duc to tubc siue were apparent

in the pitot readings at the centre and outer ecdges of the
weke (i.e. where the total head gradient vus zero)., Howcver 3
vien the welce itself was distorted by a very lerge tube, an t
increased total head reading was obtained at the centre. |
References
1+ Young, ...D. The behaviour of a pitot tube in a

lnas, J.N. transverse total-pressure gradient.

J!‘i..RgC; R' Eﬂd :;. 1?70.

2. Johamnesen, N,H,., Experinents with large pitot tubes in
lair, W.A. a narrow supersonic wake,
4.R,C, 15,067,

el e —
- —— e S e . <t A

3. Sherman New experiments on inmact pressure
interpretation in supersonic and sub-
sonic rareficd airstreans,

NeA.CoAs T.N. 2995,

.Lll"’.- E .':;? ;

e -

Le Ifitchell, A,R., Two-dincnsional flow with constent sheer _
iurrey, J.D. past cylinders with verious cross-
sections,

~a

‘edt, Ang, Math, Phy. 1955, 6, 223-235 l

5. liachiillan, ¥,A, Experiments on pitot tubes in shear flow
A.R.C., 18,235, |

Vs

- LARe
i
-

ORI U SR R
T
o -t -

SR T
wnsigsine

??...nmn?r

R
U i

LA T P YT SRR
L dle iy -ab o

L b
e mm—

e e~y S

T ——

-
e —
ks

TR

P—
L

« 11

8
¥
& ¥
H
i




4 G

ATPEIDTE

[P S ———

The displacerent effect for a two-dinensicnel cirvcular cylinder

in a shear flovr

Consider a two-dimensional suesr flow with constant
vorticity ¢ past a circular cylinder of radius a. The

eguation for the strean function, v , is

V ly‘ = = Z—-’l .'..ulﬂaﬂﬂn°(1)

with the veloecity components u and v given by

. = -
=20 &« Ba=

and ANTIE A
ox oy
If the axis of the cylinder is taken as the origin
of the rect'amgular cartesisn coordinstes (x,y) and polor
coordinates (r,0) and u is the froestrean velooity ab
7=0 (x=+ o) then i can be shoim that the solution to
equation (1), satisfying the boundary conditions in the free-

ream and on Ulw cylindsr, is

42 ( )
""'_i;.EDr +uo sin 0 +

znd in the freestresa (r 3 =)

o f m

\ - h-,- cos 20

i

....,....,..(2)

1z ")"‘\
3/ + 5 .,...,.;--uo-‘-okj}

The stream function vy for the stacnation stresmline, and
VS 2

its coordinates, are found from equation (2) when r = a giving

\2 s 2
1 ] éa C:. !2 1 a F
wo(r,e):—w—}:—-z—zr 2! wey usms
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and since r? sin o' = y?
Z 2
& 2 12 ' o
2 1*'2 + 1) v Ll e 0 I s 13

The stagnation streamline meets the cylinder at the
roint P(a,es). From equation (4)

Rl
51n 85 = zga ! + 1 _‘t\;1 + > i n.c.o-.o--u-(5)
; u-
s o .
£ Zf,a .’.]. i .
For values of == < % cquation (5) gives one
o y )
front and one rear stagnation point., For values of ;_Z_a_ > '3-'*'
o

there are two front and two rear stagnation points. is

:31":‘-‘-’ e (U.o * 0) the stagnation points are at (500,1500 -

o
o} o} 3 .

~307,210"), The displacenent (8) of the stagnation strean-~

line for upstrean: from the cylinder axis is from equation (l,-.) §

since r’::co,é:—-y',_

& 21.:2
o]
- % Yo . D Vo
Ior values of = Ak ] = & - B but for larger values of
u a laa
o o]
Za & - 7a .
Lu = becomes more independent of ol and approaches
o) 1 o}
the imdting values of -——

V2
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Tubes used in Supersonic Tests

Tube Outside Diam, Inside Dian, a/D
D (mem.) d (moma)
1 0.50 0,25 0,50
2 14015 0.50 0.49
3 2,00 1,40 0,70
L 2439 2,00 0.84
5 318 0.50 0,16
6 6,38 0.50 0.08

TABIR TT

Tibes used in low specd tests

Tube . Outside Diarm, Inside Dian, a/D
D (ma,) d (mar1.)

1 1.0 0,50 0.50
2 3,18 0.50 0.16
3 4.7'6 0,50 0.10
4 6435 0.50 0.75
5 31,00 0,50 0.016
6 31,00 3448 0.102
7 31,00 476 04153
8 34.00 6435 0,205
9 31400 19,00 0.615
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FIG. 16. 1mm TUBE BEHIND 3" CHORD WING AT M=3.19(0. 5 mm OFFSET).
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