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ADDENDA AI-ID CORRIGEKDA 

Page é, line 12. Add after 'in all these tests', the words 'in a unifonn 
flow'. 

line 18. Add 'The Reynolds numbers of the ;pitot tubes at the 
centres of the wakes ba.sed on the outside diameter and 
conditions behind the pitot shock wave varied from about 
5,000 at M = 1,75 to 240 at M = 3.19. Hence at the 
highest freestream Mach ramibers viscouB effects may 
affect the pitot tube readings near the wake centre for 
tubes of outside diameter less than 1.Om.m.' 

Page 7> line 8 Delete 'induced by the upstream influence of the pitot 

tube'. 

Page Ss.,l±ne 17 'reduced' should read 'reversed' 

Page 11, line 32 Delete 'much' 

line 34 Add after 'theoretically' the words 'at the time of v/riting' 

Table 2, Tube 4 d^ ^^^^^ ^^^^ .^^^^g, 

Figure 3 '3.'lni.m, O.D, x 3ni.m. I.D.' should read 
'31ni,m. O.D, X 3ni.m. I.D, 

Figure 13 Delete point (ƒ at D _ n 06 — - 0 10 

aand inse r t at rr 
o 

Add p»*int V at — 
o 

W ~ • * D ~ c 

= 0.06, ^ = 0.17 

= 8.0, ^ = 0.06 

Figure 14 Alter point H at log TJ = 0.9, log D = 1,25 

to I 

Figure 15 2m,m, offset should read 0,2m,m, 
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SUllIARY • 

The apparent displacement of the effective centre 
of a circular pitot tube from its geometric centre when 
placed in narrow wakes has been measured at sub- and super
sonic speeds. Similar effects Y/ere found at all speeds. If 
the tube diameter -v/as small compared with tlie v/ake width, the 
displacement was towards the region of tiigher velocity, and 
was proportional to the tube outside diametero For larger 
tubes the displacement was reduced, and v/as reversed in 
direction when the tube diameter exceMed about ttoee tjrges 
the v»rake width» 
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Fiĵ Tures 

1. Y/ake traverses behind ^ in . chord wing at M = 3»19 
2 . • • • 1 ,3/Un. » ' ' ' ' 
3 . ' ' ' 2in, ' ' ' 59 f /s 
4. ' ' ' lin, X l/32in, flat plate at 50 f/s 
5. Variation of apparent wake vri-dth with external tube 

diameter, ̂ in. chord v/ing at M = 1.75 
6. do. •f-̂ » chord wing at M = 2,36 
7. do, lin, ' ' ' M = 3,19 
8. do. 1.3/4in. ' ' ' M = 3.19 
9. do, 2in. ' ' ' 59 f/s 
10, do, 1in, ' plate ' 50 f/s 
11» do, (Johannesen and Mair) 
12, Variation of apparent v/ake width with inside tube 

diameter, 2in, chord wing at 59 f/s 
13» Variation of displacement with ratio D/W 
14« Variation of displacement for very large ?ubes 

Schlieren photopyaphs 

15» 1nm, tube behind ̂ in, chord wing at M = 3,19 (zero offset) 
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16, Imm. tube behind -g-in. chord wing at M = 3«19 (0.5mm offset 
17, 6,iitTm ' < • 1 • ' t (0,2i:im offset 
18, 6.4:m ' « i i i t J (o.5nxi offset 

2, List of Symbols 

a radius of cylinder (see Appendix) 

D outside ditimeter of p i t o t tube 

d inside diameter of pitot tube 

H pitot pressure (measured) in wake 

H reference pitot pressure (measured) outside wake 

M Mach number 

p stagnation pressure ahead of pitot tube shock v/ave s 

p calculated freestream stagnation pressure downstream 
of trailing edge shock wave 

r,6 cylindrical polar coordinates 

3 transverse gradient of total head ratio -r 

u freestream velocity along cylinder axis (see Appendix) 

w ' apparent wake width 

w undisturbed wake v/idth o 

TiT maximum undisturbed wake width o 

(x,y) rectangular cartesian coordinates 

6 displacement of stagnation streaiuline 

S vorticity 
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3» Introduction 

It has been shovm by Young and Maas (1) that at lov/ 
subsonic speeds the effective centre of a X-̂ itot tube in a 
transverse gradient of total head is displaced from the geometric 
centre of the tube towards the region of higher velocity, 
Their results showed that over a fairly vd.dc range of conditions 
this displacement was approximately equcJ. to 0,18D, where D 
is the outside diameter of the pitot tube. It follows that 
the displacement effect is smo21 if the pitot tube diameter 
is small compared with the v/idth of the region of varying 
total head. In general, therefore, in experiments in v/akes 
or boundary layers at subsonic speeds it is usual to select 
a pitot tube diameter small compared with the woke width or 
boundary layer thickness, 

At supersonic speeds, however, it may often be 
desirable to use a pitot tube whose size is large compared 
with the dimensions of the v/ake or boundary layer which it 
is traversing. This may be due either to the small size of 
model being used, or in intermittent v/ind tunnels where the 
long time lag associated v/ith a small tube must be avoided, 
It is therefore important to know the magnitude, if any, of 
the pitot tube displacement effect in flov/s at supersonic 
speeds. Measurements with pitot tubes in the wske of an 
aerofoil at a Mach number of 1.96 have been reported by 
Johannesen aiid Mair (2). These tests v/ere conducted in the 
wake of a 0,75in» span single \/edge aerofoil, 2,5in. dovmstream 
of the trailing edge. The outside diameter of the tubes 
used varied from 0,036in. to 0,720in., but no displacement 
effect as found by Young and Maas could be detectedo 

The eĵ periments described in this report were 
intended to investigate the displacement effect over a wide 
range of Mach numbers and tube diameters. For completeness, 
some tests having similar ratios of pitot tube diameter to 
wake v/idth v/ere also carried out at a low subsonic speed, 
These latter tests extended the range of the Young and Maas 
tests to the case v/here the pitot tube diameter was of the 
same order as the v/ake v/idth. 

The experimental results at supersonic speeds v/ere 
obtained betv/een 1953-1955 "by Bi'ov/n A.C, and Olds ÏÏ. (M = 1,75), 
Keates R,E, and Socha VI, (M = 2,36), Hastings R.C. and Searle G.A.C, 
(M = 3» 19)» as a part fulfilment of the requirements for the 
Diploma of the College of Aeronautics, 

http://vd.dc
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4» Description of tests and apparatus 

(i) Supersonic 

These tests were conducted in the College of Aero
nautics 2^in, X 2^in. supersonic intermittent v/ind tunnel at 
Mach numbers of 1,75» 2,36 and 3» 199 In noiinal operation, 
air flov/s from a dry air bag at atmospheric pressure througli 
the v/orking section of the tunnel into vacuum tanks v/hich are 
exhausted by continuous pumping. The normal available 
running time varies from about 30 sees, to 90 sees, 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-
stream Mach number v/as found by measijuring the static pressure 
on the surface of a calibrating cone placed in the working 
section, 

The dimensions of the pitot tubes tested at each 
Mach number are given in table I. The tubes v/ere first 
tested in the empty working section to check that they all 
gave the same reading, A tv/o-dimonsional symmetrical double 
wedge aerofoil of ̂ -in, chord and thickness chord ratio ten 
per cent was then fitted in the tunnel, and traverses v/ere 
made through its wake, l/4in. behind the trailing edge. The 
traverses v/ere made in a direction perpendicular to the plane 
of the wing, by mounting each pitot tube on a sliding support 
moved by a micrometer screw, A static pressure tube v/as 
also traversed behind the v/ing at the same position. At 
M = 3«19> a- similar wing of 1 ,75in, chord v/as also used, in 
order to obtain a vri-der wake, 

The pitot pressures v/ere measured on a vertical 
mercury manometer, to an acciiracy of about 0»01in, of mercury, 
Correspondirg readings of static pressure were taken from 
tappings in the top liner of the v/orking section, A number 
of Schlieren photographs v/ere talcen at each Llach number, and 
some of these at M = 3«19 are shov/n in figs, 15 - 18, 

(ii) Low speed 

Two sets of lov/ speed tests v/ere made, the first 
being at a VTind speed of 59 f .p.s., using the pitot tubes 
whose dimensions are given in table II, Traverses were made 
in the v/ake of a 2in, chord symmetrical 10 per cent thick 
aerofoil, v/ith the pitot mouth 1in, from the trailing edge, 
The total head pressure was mea.sured 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 screv/ of tlrKs traversing gear. In these tests all the 

pitot tubes except that of 32ram, diameter were very small 
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coiiipared v/ith the v/ake v/idth. 

The second set of t e s t s was made using very narrow 
wakes, given by l / l 6 i n . and l /32in , thick f l a t p l a t e s of l i n . 
chord at sero incidence. The v/ind speed v/as 50 f , p . s . and 
p i t o t tubes 2, 3* 4 and 9 (table I I ) v/ere used, 

5 , Results 

(i) Supersonic 

At each Mach raunber, static tube traverses v/ere 
made across the v/orking section in the v/ake of the aerofoil, 
and the static pressure was found to be constant within 
about +_ 2 per cent. The pitot tubes v/ere then tested in the 
empty working section, and found to give similar readings of 
total head, indicating that no errors due to viscous effects 
were present. This might be expected, as SheiTian (3) gives 
Re = 200 as the Reynolds number below which viscous effects/, . 
on pitot tubes are important. In all these tes^^^uhj'^^*^- K**^ 
Reynolds number, based on conditions in front of the pitot 
tube shock wave, v/as greater than 1000 per mm. The readings 
of total head obtained from the pitot tube traverses v/ere 
expressed as a fraction H /p , v/here H is the total 

head reading, and p is the calculated stagnation pressure 

behind the trai]ing edge shock wave in an inviscid flow, r 
Typical total head profiles across the wake at M = 3«19 â e 
shov/n in fig, 1, It will be seen that the apparent wake 
v/idth at any given value of H /p increases as the tube 

diameter is increased. Thus the effect of pitot size in 
this case is to displace the effective centre of the tube 
towards the region of lov/er velocity - an effect opposite to 
that found by Young and Maas at subsonic speeds. 

It may be noted that the total head readings rise 
to maximum values immediately outside the v/ake boundaries, 

U'uJ^^^ irf/tluu lATt^Jur) ^^^HyU^ Ov^^-tLl^ (TUjti-iaLt^ tC^'a^uuutt^ 



As will be seen from the diagram above, this rise in total 
liead occurs in the region behind the fan-shaped ccmpression 
v/aves near the trailing edge. Since it is probable that the 
total head loss across this compression fan is slightly less 
than that across the single oblique shock wave further out, 
this would explain the higher measured total head reading, 
This effect was not observed in the case of the larger wing, 
where boundary layer separation, 4daduee,d "by the upa too on 
influonoo of the pitot tubcu'̂  occurred at about 60 per cent 
chord, 

The results of the traverses behind the 1.75in, 
chord v/ing at M = 3.19 ai"e shown in fig, 2, It v/ill be seen 
that the displacement effect is in the opposite direction from 
that found when using the smaller v/ing, 

In figs, 5 to'8, the apparent woke v/idth w, .at 
various values of H /p , is plotted against the external 
diameter of the pitox tubes the internal diameter being 
constant. The undisturbed v/ake v/idth, w , at each value 

' o' 
of total head, is given by extrapolating these curves back to 
zero diameter, and the displacement of the effective tube 
centre from its geometric centre, 5, is equal to •g-(w - w ), 
On each of these graphs is also shovm the estimated imdisturbed 
maximum walce v/idth, Y/ , This is taken as the maximum width 

' o 
of the linear portion of the profile given by the smallest tube 
used. It may not be an accvirate estimate of the interference 
free maximum v/ake v/idth but is useful as a reference length 
in analysing the results, 
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H 
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profile \~^J profile 

offset distance 

The variation of displacement v/ith internal diameter 
was not investigated as such. In the results obtained for 
tubes of constajat ratio d/D of internal to external dioiueter, 
most of the displacement v/as accovmted for by the variation 
of external diametpr, and the effect of internal dicjaeter for 
values of this ratio less than 0,5 v/as found to be negligible, 

For |r > 0,5, a slightly smaller displacement was found, 

(ii) Lov/ speed 

All the readings v/ere expressed as ratios of 
indicated total head to free strea;-a total head, and typical 
profiles with different wakes are given in figs, 3 and 4. 
Plots of the apparent wake v/idth against diameter are shoVm 
in figs, 9 and 10, together with an api:5roxinate value for the 
undisturbed maxiiium walce v/idth ¥ (see definition above), 
The effect of varying the internal diameter, v/ith constant 
outside diaLieter, is shown in fig, 12, v/here wake v/idths 
obtained in the first set of experiments -vvith pitot tubes of 
32mm, outside diameter and inside diameters of 1,7iiim, to 2Qnm, 
are shov/n. It v/ill be seen that as in the supersonic case, 
the internal diameter has negligible effect for 0,1 < d/O < 0,5, 
For values of d/O greater than 0,5, the displacement effect 
was slightly reduced. For very small inside diameters, the 
displacement effect v/as slightly increased, 
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6, Discussion 

(i) Nature of the fj.ov/ 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 diameter is small ca.ipared v/j.th 
the me£in streain velocity. The vorticity present in the free-
stream v/ill give I'ise to a curvature of the streaĵ ilines in the 
vicinity of the tube and in particular to the stagnation 

increasing 
velocity 

streai:aline v/hich intersects the mouth of the tube. Tliis 
stagnation streamline, therefore, does not come from a position 
far upstream coaxial v/ith the pitot tube, but from a position 
displaced to\7ards the region of higher velocity, 

Since no flow is possible down the pitot tube a 
free streamline v/ill exist across the mouth of the tube. Tliis 
must be approximately a line (or surface, in the three-dimen
sional case) of constant pressure and velocity: the pressure 
is equal to tlie total head of the stagnation streax.Ll.ine, ajxl 
the velocity is zero. Thus the flow past the pitot tube 
v/ill be similar to that past a solid body of the same outside 
dimensions. The inside diameter therefore should have little 
effect on the external flow, 

\7hen the pitot tube spans the centre of a v/ake, and 
is acted upon by regions of opposite vorticity, the problem 
is obviously more complicated. An attempt was made to 
obtain a two-dimensional picture of such a flov/ in a siuoke 
tunnel, but any measureable displacement of the stagnation 
streamline was masked by the rapid spreading of the flow 
near the tube mouth, 

(ii) Direction of Displacement 

The low speed experiments of Young and Maas, and 
also the earlier low speed tests made at Cranfield, shov/ed 
that the displacement effect was taJK/ards the region of higher 
velocity, £\nd equal in'practically all cases to 0,18 D, It 

• Tube 

http://streax.Ll.ine
file:///7hen
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appeaxed to be independent of total head and velocity gradient. 
On the other hand almost all the supersonic tests showed a 
displacement in the opposite direction, which varied consider
ably v/ith total head and Mach n̂ umber. * (Except for the larger 
wing at M = 3.19, only one walce was used at each Mach n'umber). 

/It was ... 

Since on theoretical grounds the displacement effect -is a 
function of the sign of the vorticity ahead of the pi-tot 
tube it v/as suggested that the negative 'displacement effect 
at supersonic speeds might be associated v/ith a change in 
sign of the vorticity of the flov/ in crossing the bov/ shock 
wave of the pitot tube. In fact it is found that for a 
plane shock wave, upstream of v/hich the supersonic flov/ is 
of constant vorticity and static temperature, a reversal in 
sign of the vorticity downstream of the shock v/ave occurs 
for Mach numbers betv/een 1 and 2, In cases v/here the 
total energy, rather than the static temperature, is con-
stant ttpstream of the shock wave, the vorticity is yeduocA 'U(/\/</ifS*^ 
in sign at all supersonic Mach numbera This might there
fore explain the change in direction of the displacement 
in the supersonic experiments. However, there is no 
evidence as to whether either the temperature Br total 
energy is constant across the flov/, and it is difTicxilt to 
establish whether this reversal in vorticity would- take 
place across the curved bow wave. In any case, as the 
later experiments shov/ed, a reversal of displacement can 
also occur at subsonic speeds. 
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lt was noted, lx)v/ever, that the earlier lov/ speed 
tests were all made using tubes of smaller diameter than the 
maximum wske v/idth, whereas the supersonic tests giving a 
reversed displacement used very narrov/ wakes, and the tube 
diai'iieters were then at least twice the v/alce width. The only 
large supersonic v/ake used, that fran the 1,3/4in. wing at 
M = 3«19> gave a displacanent in the same direction as the 
earlier lov/ speed tests. It may be noted that boundaxy 
layer separation occurred on the larger v/ing at M = 3»19» No 
displacement effect v/as apparent in the relatively flat 
central region of the v/ake but a positive effect was found in 
the regions of shear flow, (We shall call this direction positive), 
Some further experiraents were made at lo\7 speeds using very 
narrov/ v/akes and large tubes, and a negative displacement was 
found. The direction of displacement appears therefore to be 
controlled, in our experiments, not by the streai-n Mach number, 
but by the size of tube relative to the v/alce v/idth. In 
fig, ^'jf the value of 6/D given by experiment is plotted as 
a function of DA/ , v/hero 17 is the undisturbed maxiraum 

' o' o 
T/ake vddth, A logarithmic scale has been used for D/I7 , 

as these values vary from about 0,01 (Young and Maas 0,014in, 
tube) to 10 (Cranfield 6,lmn tube). It v.dll be seen that 
both the subsonic and supersonic results, together W3.th those 
of Young and Maas, lie roughly on a straight line. Tubes 
for v/hich the value of T)/^f is greater than about 2 give 
a negative displacement effect. In the case of Johaonnesen 
and Mair, it v/as formerly as surged that no displacement v/as 
shoT/n by their results. However, for their tubes B and C, 
D/1I7 is of the order of 1 or 2, so we should expect the 
displacement to be very sinalla Plotting the v/alce v/idths as 
in fig, 11, we see that the mean disiDlacement for tube D 
is about 0,06D, and for this tube D^T = 3.6. This result 
therefore agrees qualitatively v/ith ours, although the total 
head, profile given by tube D is considerably distorted. The 
other large tube, F, v/hich has a very smal.l rjitemal diameter, 
gives a. negligible displacement. This may be due to the small 
internal diameter causing an increased positive displacement 
as found in our experiments, and so reducing the negative dis
placement v/hich v/ould otherwise have been obtained for this 
tube, 
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As mentioned in the previous section, it was not 
possible to obtain a satisfactory flow pattern in the smoke 
tunnel for the case of a very \/ide pitot tube. It is evident, 
hov/ever, that as the tube size increases, the upstream effect 
of the tube on the wake development will become greater, and 
there will be considerable distortion of the v/ake profile and 
external flow streamlines. iui increase of the actual v/ake 
width v/ill of course have a similar effect on the total head 
readings as a negative displacement effect. The real dis
placement effect, vdiich is aJLv/ays positive, will be masked 
by the growth of the walre, and it is perhaps surprising that 
such little distortion of the true v/alce profile occurs v/hen 
a tube of fairly large diameter is used, 

(iii) Magnitude of the Displacement Effect 

Having discussed qualitatively the effect of tube 
size, v/e can consider in more detail the behaLviour of the 
displacement 8 v/hen the tube is much smaller than the v/ake 
v/idth. Under these conditions the tube may be considered as 
in a unidirectional constant shear flov/. The experimental 
results tlien shov7 6/D to be equeJ. to 0.18D under a wide 
range of conditions, (Only one such result v/as obtained in 
the supersonic tests, hov/ever, ov/ing to the small size of v/alce 
possible in the tunnel), JiS pointed out in ref. 1, 5/D 
should be some fimction of D/u S, v/here t, and u are 

' o ' o 
the v o r t i c i t y and mean veloci ty of the flov/ near the tube mouth, 
The r e s u l t s therefore imply that P jD/u ^ j i s equaJ. to 
0,18 for a l l pos i t ive values of D/U ^ , and -0,18 for a l l 

negative values, v/ith a discontinuity as D/U ̂  passes 

through zero. Physical ly, th i s i s d i f f i c u l t to accept, and 
i t i s more l ike ly tha t the function decreases rapidly for 
values close to zero, as v/ould occur a t the centre of a wake 
or v/ith a very small tube, (The displacement given by the 
1mm, tube in the low speed t e s t s does, in fact apriear to be 
eniolt- less than 0,18D), 

The flov/ around a three dixiensional body in shear , . 
flov/, such as a p i t o t tube, has not been t rea ted theoretically^*Wu^tU*vfc' 
but some l i g h t may be shed on the problem by considering the "^ tioTfCtU^ 
case of a tv/o dimensional cyliaider (see Appendix). The d i s - x j ^U 
placement of the stagnation streamline from the body axis far 

upstream is found to be 

(using the present sign convention) 

a - â ^±V1 + 2| 
U o-* 

-? 
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ö \ 
-L ' •• •' 

V/here a is the radius of the cylinder, 
function is as shovm., 

The fona of this 

\ 

a. 

,/ 
/ 

•t- -f- Vci; 

It will be seen that as 
u 

becomes l a r g e compared t o u n i t y , 

1 Presiimab3.y, — tends tov/ards a cons t an t va lue of — , 
a V"2 
therefore, the displacement effect on the pitot tube v/ill 
behave in roughly the same manner v/hen ^/u becomes large 

v/ith respect to a certain value. This value must be consid-
eraily ^ess than 0,1, hov/ever, for the exijerirnental results 

show that =r remains constant for values of -^ dovm -co 0.1, 
5 ̂ o 

To examine experimentally the behaviour of — in the region 

where ^ < 0.1, a series of extremely small pitot tubes in 
o 

a vi,lde wake v/ould be needed. 

Caning nov/ to the case v/here the tube spans the wake, 
and the displacement is re-'.'-ersed, the flô v is clearly too 
complex to find a theoretical relation fox- 5, Examination 
of figs, 5 to 11 shows tliat 6 increases rapidly v/ith tube 

4i A more general result for tvro-dimensional cylinders of 
elliptical cross-section has been given by Mitchell and 
Murr^. (4). 
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H 
diameter, and a.pi--.ecxs to be ftli:iost proportional to rr^ , 

where Ii is the pitot reading outside the v/dce. It also 
increases v/ith increasing velocity gradient (although the 
variation of the latter v/as small in tlae supersonic experi
ments), By plotting values of 

log (v/here s is the total head ratio gradient 
H / H ,S p' o 

a H /H 
— - ^ ) against log D (fig. 14), it is found that the 

2 
displacement varies approximately as D , v/hich gives the • 

dimensionally correct formula 5 = k r — ' . s D . The present 
o 

results give values for k of 0,012 to 0,023 foi" 'the supeir-
sonic tests, and about 0.033 for the lov/ speed test. The 
v/idest tube used in Johannesen and Hair's experiments gives 
a value of 0,035» Thus the order of magnitude of the dis
placement effect due to distortion of the wake by a very wide 
tube may be taken as very approximately 0,02 B/H. S D^, 

This is only applicable v/here the tube is at least 
twice the wake v/idth, whereas the relation 6 = 0,18D seems 
to apply only for tube diaacters loss than one third of the 
wake v/idth. In the intenaediate region, the true displacement 
effect is clearly modified by the effects of distortion of the 
wake. Although no simple relation can be suggested for the 
value of S in this region, some idea of the magnitude of 
the effect may be obtained from fig, 14. It will be noted 
that when D/iï is approximately 2, the resultcjit displacement 

is practically zero. 

(iv) Accuracy of the total head readings 

In the shear region of the wake profiles, any 
innacuracy of total head reading has been taken as paxt of 
the displacement effect. Thus, if a correction for the 
displacement is applied to the 'tube position, the readiiig of 
the tube v/ill be the correct tota.1 head at the new position. 

Near the walce centre, v/here the total head gradient 
falls to zero, there should be no error in the total head 
readings provided viscous effects are negligible. This 
appears to be substcjitiated by experiment, since the variations 
in total-head reading at the wake centre are less than 2 per 
cent for tubes smaller than the wake v/idth. In the case of 
the v/idcr tubes, the spresLding of the wake v/ill of course 
alter the true total head ât its centre, 



-16-

APPENDIX 

The displacement effect for a tv70-dimensicncl circular cylinder 

in a shear flov/ 

Consider a tv/o-dinensional shear f lav v/ith constant 

vorticity Z past a circular cylinder of radius ao The 

equation for the s'tream function, î  , is 

with the velocity components u and v given by 

u = ~ , V = - T^ dy ' ÖX 

and 3v dn 
dx " dy * 

If the axis of the cylinder is taken as the origin 

of the rectangular cartesian coordinates (x,y) and polar 

coordinates (r,6) and u is the freestream velocity at 

y = 0 (x = +^oo) then it can be shcaTn that the solution to 

equation (l), satisfying the bô Jlndary conditions in the free-

stream and on the cylinder, is 

1 ^ 2 ( a^^ . . ;;: i 2 aj; 
f=--^rjc- + u^ \̂  - ~ y sin e + -J \̂ r - cos 26 

(2) 

and in the freestream (r -> co ) 

f = - | y + u^y .c .....(3) 

The strearA function \jf for the stagnation streamline, and 

i t s coordinates, ere found from equation (2) whan r = a giving 

^^(^.,9') = - ^ = - | r ' 2 + ( r ' - f ^ ) I - - . a . - r \ x - , / U s i n 8 4 4 \ r ' / o 

+ I <^r'2 - ^^ ] cos 26' 
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and since r' sin 6' = y' 

I ( J * i) r' - V' - ̂  = ° M 
The stagnation streamline meets the cylinder at the 

point P(a,8 ), From equation (4) s 

u 
• o O 

s m 6 = -rr;^— 
s 2^a 

/ V.2 2 1 

H-I±v/1 -^H- ! (5) 
"^o J 

For values of ^ < -r equation (5) gives one 

""̂  Sa 4 
front and one rear stagnation point. For values of ^^— > — 

^o 
there are tv/o front and tv/o rear stagnation points. As 
-*—̂ "» 00 (u •* O) the stagnation points are at (30 ,150 and 

o 

-30 ,210 ). The displacement (6) of the stagnation stream

line far upstream from the cylinder axis is from equation (4)> 

, 5 = -y', 

For value 

6 
a 

s of 

u 
0 

" ^a 

u 
0 

1 

1 + 

6 
a 

/ 
,/ 
t 

i' 

1 

-

2 
2u^ 

0 

^ 0 

but for larger values of 

^— — becomes more independent of -'̂'— , and approaches 
o ^ o 
the limiting values of — , 

/2 
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T-fiBLE I 

Tubes used in Supersonic Tests 

Tube Outside Diam, Inside Diam, d/D 
D (m,m,) d (m,m,) 

1 
2 

3 
4 
5 
6 

0.50 
1,011 

2,00, 

2c39 

3.18 

6,38 

0.25 
0.50 

1 . ^ 
2.00 

0.50 

0.50 

0.50 

0,49 

0,70 

0,84 

0,16 

0,08 

Tube 

1 

2 

3 
4 
5 
6 
7 
8 
9 

TABLE I I 

Tubes used in 

Outside Diam, 
D (m,m,) 

1.0 

3.18 

4.76 

6.35 
31.00 

31.00 . 

31.00 

31.00 

31.00 

lov/ speed t e s t s 

Inside Diam, 
d (m.m.) 

0.50 

0,50 

0,50 

0.50 

0.50 

3.18 

4.76 

6.35 
19.00 

d/D 

0.50 

0,16 

0.10 

Ofid 

0,016 

0,102 

0.153 

0,205 

0,615 



TUBE SIZES 

h mm O.D. X '/4 m.m. I.D. 

1 mm OD. X '/2 mm I. D. 
2 mm GD X 1-4 mm I.D. 

3-3 mm G D X b mm I.D. 

6-4 mm G.D X'/2 mm I.D. 

— 2mm OFFSET 2mm 

FIG. I WAKE TRAVERSES BEHIND '/2 CHORD WING AT M 3-19 

3 OFFSET 4 mm 

F K ; . 2 . WAKE TRAVERSES BEHIND 1-75 CHORD WING AT M=3I9 



e lo 
OFFSET mm 

. WAKE TRAVERSES BEHIND 2"CHORD WING AT 59 F/S 

TUBE SIZES 
3-2 mm O.D X 72 mm I.D. 
6-4mm O.D X'/2 mm-l.D. 
BlOmm O.O1X19 mmYo. 

4 OFFSET 6 mm 

FIG. 4. WAKE TRAVERSES BEHIND l"X'/32 FLAT PLATE AT SO F/S. 
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a-S 

a-o 
APPARENT 
WkKEWIim 

(mm) 

1-5 

I - O 

O S ^ 

4 5 6 
OUTSIDE DIA (mm) 

FIG. 5. VARIATION OF APPARENT WAKE WIDTH 
WITH OUTSIDE DIA OF TUBE('/2"CHORD WING AT M = l-75) 

0-50 

FIG. 6. VARIATION OF APPARENT mKE WIDTH 
WITH EXTERNAL OIA OF OF T U B E ( ! ^ CHORD WING AT M-S-Só) 

4 S 
OUTSIDE DIA mm 

FIG. 7 VARIATION OF APPARENT mKE WIDTH WITH 
OUTSIDE DIA. OF TUBE QH CHORD WING AT M.3-19) 

3 ' 0 3-0 OUTSIDE DIA(mm) 

FIG 8 VARIATION OF APR^RENT WAKE WIDTH WITH 
OUTSIDE DIA OF TUBE ( l ^ CHORD WING AT M=3I9) 
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FIG. 13. VARIATION OF DISPLACEMENT WITH RATIO OF 
TUBE DIAMETER TO W K̂E WIDTH 

1 5 

1-5 

FIG. 14. VARIATION OF DISPLACEMENT FOR VERY 
LARGE DIAMETER TUBES 



FIG. 15. 1mm TUBE BEHIND i" CHORD WING AT M=3. 19(.2mm OFFSET). 

FIG. 16, 1mm TUBE BEHIND f" CHORD WING AT M-3. 19(0. 5 mm OFFSET). 



FIG. 17. 6.4mm TUBE BEHIND i " CHORD WING AT M - 3.19 (0.2mm OFFSET) 

FIG. 18. 6.4mm TUBE BEHIND i " CHORD WING AT M • 3.19 (0.5mm OFFSET). 


