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SUMMARY

This note describes the method of manufacture of small quartz-tipped
pitot tubes (dovm to 0,005 in. outside tip diemeter) which have been

used successfully for boundary layer measurements on small medels in a
supersonic wind tunnel,

Tests have been made {a) of the effects of teper and end finish on
the accuracy of measurement and (b) of the effect of the inside daiameter
of the tip (for a standard taper) on response rate, For a given inside
tip diameter the tapered quartz tubes gave a faster response rate than
the stainless steel hypodermic tubes previously used.
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y| Introduction

The relatively thin boundery layers encountered in wind tunnel tests
at supersonic speeds necessitate the development of pitet tubes of
extremely small dimensions, The most common method of doing this has
been to flatten smell steinless steel hypodermic tubing (originel outside
dismeter = 0,020") and then to hone this %o an overall height of
approximately C.010" or less 1f desired,

Now 25 Bradfield and Yale! have stated, the optimum shepe at the
entry to a pitot tube for a fast response rate is obtained if the bore
expands immediately behind the mouth, The reason for this is that such
a shape keeps the length of the amallest diameter passsgewsy to a minimum,
(In thrs passageway the Reynolds mumber will be small because of its
small height and the friction coefficient will be correspondingly high},
Unfortunately the process of flattening tubes tends to produce a fairly
long passageway wath little expansion which together with the smell inside
diometer of the tubing used (usually sbout 0,010" for 0,020" outside
diameter tubing) causes a considerable restriction,

(n the other hend the technique of drawing down quartz tube described

in this report gives a pitot head with an entry much closer to the optimum
shape and with a much improved response rate for s given tip dismeter,
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2 Method of manufacture

The method of manufacture of quartz pitot tubes (shown in step by
step stages in Fig,1) 18 briefly as follows.

The centre portion of a piece of quertz* tubing approxumately 3"
to 4* long x 0,050" 0.D,** {0,030" I,D,) is heated in an oxygen-cozl gas
fleme, By pulling at each end the quartz flows and the centre portion
of the tube is drawn down to the required diameter. The tube is removed
from the flame and bent between the fingers, being braittle it breaks and
two heads in the rough state are obtained. As in drawing glass, care
must be taken to aveid a very fierce flame or the quartz will flow too
easily and break off ain the flame, In the early stages of dsvelopment
an air-gas flame was used but the heat was hardly sufficient to make the
gquartz flow,

By adjustment of flame, care in drawang dowvn and in breaking, the
heads can be made to any required diameter snd degree of taper, Tubes
drewn out in a straight line retain a perfectly round and true bore even
when drawn down to 0,001" 0.D.

¥ Quartz 1s used in preference to glass as it 18 considerably stronger
and was found to be easier to work with.

** Tubes of these dimensicns may be obtained from the Thermal Syndicate,
Wallsend-on~Tyne,



The heads are now polished to obtain a smooth end surface in the
plane normal to the axis (as in Fig.3b). Care must be taken at this
stage as the quartz chips easily (cf. Fig.3c). Smooth gentle sweeps over
a fine hone holding the head between the thumb and forefinger have
¥ielded the best results and by this method the proportion of rejected
tubes has been kept down to asbout 50%.

After polishing the head is gently heated in an air gas fleme end
bent through 90° (Fig.1) to form a total head probe, It is then inserted
in a piece of 2 m.m., stainless steel hypodermic tubing (I.D. = 0,053") and
an air tight seal is mede between the quartz and the steel, As shown in
Fig.i1 two methods have been used, The original method was to coat the
quartz with platinum (liquid platinum process see Ref.2), copper plate the
platinum and solder into the 2 m,m, stainless steel tube, This method was
discontinued when it was found that the platinum was tending to pesel off
the quartz (probsbly due to dirty q_uartzs). The tubes are now sealed with
& cold setting araldite. No trouble has been experienced with this sesal
but it requires 24 hours for setting* {liaquid platinum process gives an
immediate seal),

A completed pitot tube is shown as the final stage in Fig.f1.

Checks sre made during manufacture for trueness of bore, and before
each test run, for smoothress of end surface. Fig.,2 shows a comparison
of bore between two quartz tubes, a 0,020" 0,D, hypodermic tube and a
0,020" 0.D, hypodermic tube flattened to 0,010" overall heaght. (The
flattened tube is a very good example of its type).

3 Tests carried out with guartz pitot tubes

3.1 Effects of end finish and degree of taper on sccuracy of measurement

Boundary layer traverses on a flat plate were made with 4 tubes of
varying cnd finish end degree of taper., The tips of these tubes are shown
n Fig,3.

(1) Fig.3a Steep tapered tube with a good polished end surfacs.
(2) Fig.3d Short tube with normal taper and = highly polished end surface.

(3) Fig.3c Normal length tube with normal taper but wath a bad chip on
the under side of the end surface, No attempt was made to polish this
tube,

(4) Fig.3d Normal length tube with small amount of taper, The polishing
is left unfinished and some chipping remains,

Pig.L shows some pitot pressure profiles obtained with these tubes
in a twbulent boundary layer on a flat plate,

From this test it can be concluded thet (a) taper has a negligible
effect as shown by comparing tubes 1 and 2, (b) end finish is important
(tubes 1 and 2 compared with tubes 3 and L), but provided that tubes are
polished to a reasonsble degree they will show good agreement,

* Areldite with a shorter setting tame (1 hour) is now availsble and would
most likely be suitsble for this process,



3.2 Response rates for tubss of varying diamefer

3429 Test rig

The response rates of a mumber of pitot tubes (quartz and hypodermic)
were obtained using the test rig shown in Fig.5. The pitet tube under
test was inserted in one side of the test chamber end connected via an
isolation valve end a T plece to a mercury manometer. By closing the
isolation valve and opening velve A (pressure) or B (vacuum) the pitot
side could be set at any desired presswure. The test chamber was
evacuated to a required pressure by a vacuum punp and maintained at this
rressure by using the bleed valve, When condations in the chamber and
on the pitot side were steady, valve A (or B) was closed and the isolation
valve opened. With a stop watch the rate at whach the pitot manometer
was brought to the test chamber pressure was noted, The chanber was set
at a low pressure as this simulated the actual tunnel running conditions,

3.22 Response rates

Pive quartz pitot ‘ubes of inside tip diameters ranging from 0,004"
to 0.013", but of approximately conatant tsper and length, and two
hypodermic tubes (one a standard 0,020" 0,D, tube and the other a flattened
versicn) were tested, Tezble I gives the msan dimensions of each tube,
The length of connezting .ube to the pitot manocmeter was fairly typical of
that used in wind tunnel tests and was kept constant.

Fig.6 gives plots of the time which the pitot mancmeter took to
reach within 5% and 1% of the test chamber pressure, In Fig.6a the
pressure was rising inside the pitot tube from 1735 m.m. Hg Abs. to a
test chamber pressure of 381 m.m, Hg Abs., while in Fig.6b the pressure
was falling from atmospheric to a test chamber pressure of 36.5 m.m. Hg Abs,

In both cases the quartz fubes show a marked superiority over the
hypodermic tubes, for which the main explanation is probsbly the
differences in dismeter of the two types of tubes following the entry
(see Table I). It 15 also lakely that the quartz tubes possess cleaner
bores,

The smallest quertz tip tested had en I.D, of 0,0042" and an 0,D,
of 0,0078" and took 100 secs (for 1% accurecy) to fell from atmospheric
to 36.5 mum, Hg Abs. (Fag.6b), This is regarded therefore as the
limiting size for a tube of the geometry detailed in Tzble I if a reascnable
response rate 1s desired. The response rate could be improved 1f there
was a steeper taper on the tip.

The response rate 1s also affected by the volume of the system, bore
of connecting tubing etc., so that improvements could be obtained by
adjustment of ithese parameters, This was outside the scope of the
present tests but a method for finding the opbimum length and inside
diameter of comnecting tubing is gaveu in Ref.3.

Another pnssibility for improving the response rate (for a given
tube size) maght be to flatten the tips in addition %o drawing them down,
(Note that in Fig.6 the reduction in response rate in going from a cireuler
to a flattened hypodermic tube is not as great as that experienced by the
qQuartz tips over the same range of inside dismeters since the cross section
area at the mouth of a flattened tube 1s considersbly greater then that of
one of circular section of the same height.)
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response rates,

Additional comments and conclusions

It has been shown that very small pitot heads cen be made by drawing
down quartz tubing and the examples considered have shown very satisfactory

Because of their teper and smooth finish the quartz tips

gave faster response rates than those cbtained with hypodermic tubes of

the same orifice heaght.

No.

A quartz tip cannot be as robust as a steel tip and more care is
required when handling them but they hawve stood up to gquite arduous con-
ditions inside a wind tumnel snd their ease of manufaciure compensates
for sny fragility.
the wind tunnel).
detected since the tube 1s transparent.

Author
W.5, Bradfield

and
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R.J. Monaghan
and
J.R. Cooke

AR, Sincleir

A.W, Robins

(More breakages have occurred outside than inside
Finally, any blockage by foreign matter is easily
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TABIE T

Dimensions of tubes used 1n response rate tests

Bore and B - I.Dia and

. . Taper Length ot | P°Te O length of

Type g'Dla ]I:r.llila Total)| Comnecting | Manometer | mine Bore

TS : Angle Tubing Tube Tubing
Ins, Ins, Ins,

Quartz 0.0078| 0,0042 | 5° 50' | 0425 x 10,0 0,28 0.030 x 1.2

1" 0. 009 0. 006 50 L0 ] ] 1 " ] ]

’ ] 0,014 0.0072 50 9 4: ] " ] " ]

1 0.01 68 0.0108 50 hzf " 1] " " ]

ks 0,0204) 0,0126 | 62 20! " " " " "
Bypodermic | 0,020 | Q,012 None " " " Q,012 % 1.0
Hypodermicy/| 0.006 | 0,0032 " " " 0.012 x 1.0

Flattened % X
0.,0234 0,0137

* For length of manometer tube in system see Fig,5.

# This tube 15 sumlar to that shown in Fig,2,
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OfDimension = 0.024 in, x 0.010 in:
I/ Dimension = 0,016 'in. x 0.003 In.

Q/Dia. == 0.019 In. 1/Dia, = 0.011 In,

O/fDia.

FIG.2. END ON VIEWS OF QUARTZ AND STAINLESS STEEL TUBES
OF COMPARABLE DIMENSIONS,

0.0025 in. 1/Dia. = 00613 in.

{DH



-F!EGS..

.

TEEP TAPEREI

§

a

TUBE.

E

-

b

SHORT QUARTZ TUB
WITH NORMAL TAPE

e

L]

OUARTZ TUBE WITH
SMALL TAPER

d

5

10 8

QUARTZ TIPS USED IN TESTS

QUARTZ TUBE
3a.d

FIG

¢. NORMAL LENGTH
OF MEASURING ACCURACY




PITOT PRESSURE
STATIC PRESSURE

, | o
) A R

]

‘ o —
. // //

A

¥Old

A ) - FiIG6 30| 0-0085'| p2o90. o | sTEEP

/7 /v'
TUBE NS |OUTSIDE| END
Ped /// SYMBOL | anD Fig | DIA  lconoimion| TAPER

2-Fla 3b[o oose]| panbreo| NORMAL

/ o
-] BAD
/ / v 3-FiG 3¢ [0 0083 |Not PoLisven| NORMAL
©

4- F16 3d| 0 0072 [es0Bums [ sLiany

> / UNEINIS!

|
0l oz 03 04 05 o]} 07 oa o2 10 i

DISTANCE FROM PLATE INCHES

FiG.4. PITOT PRESSURE PROFILES OBTAINED IN BOUNDARY LAYER TRAVERSES
ON A FLAT PLATE. USING THE 4 TUBES SHOWN IN FIG. 3.




PRESSURE VALVE
A

VACUUM VALVE

B
PRESSURE ___ ® ® — YACUUM

(ATMOSPHERIC).

[

e O
MERCURY LEVEL

——— Y

900 mm

438 mm

_t _L/_ . \_/
TEST CHAMBER

PITOT MANOMETER MANOMETER.

FIG.5. TEST RIG FOR PITOT RESPONSE RATE (UNE DRAWING).

ISOLATION VALVE.

NN N NEN N N N NN

A PITOT TUBE.

N

N TEST CHAMBER.

L L L L

b SN N N N N N NEN

BLEED VALVE.
— 10O VACUUM

PUMP

'S Old



FIG.6().

100

TIME IN SECS

A
FLATTENED
TUBE
®
L 20
@
)
0 ®
wl
0y
B
U]
o
3
X
-0 o ™
\
SYMBOL |accuanacy] TYPE \
x \"'
+ 1% |QUARTZ
X
@ 17, IwPooERMIC \
X s% |QuARTZ
. TEST CHAMBER PRESSURE = 38ImmHg AbS
) S7. [IHYPODERMIC
VACUUM PRESSURE =173mm HS' AbS
B | | |
002 004 006 ‘008 ‘010 ‘oIz

INSIDE DIA INCHES
(OR MINIMUM INTERNAL THICKNESS)

(@) FROM A VACUUM TO TEST CHAMBER PRESSURE.

FIG.6. RESPONSE RATES FOR QUARTZ AND
HYPODERMIC TUBES.

(TIMES REQUIRED TO REACH WITHIN 5%, AND 19, OF TEST
CHAMBER PRESSURE )




FIG.6(b)
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