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ARSTRACT

The design and the calibration of 2 mm and 3 mm 0.D, shialded thermo-

couple total temperature probes are described,

The X mm 0,D, probe recovery factor is 0,985 t 0,005 and the 2 mm
0.0, one s 0,975 ¢ 0.005 up to flow Mach number of 3.5. The probe response
is only slightty dependent of Reynclids numher, By positioning of the thermo-
couple junction at the vent holes josition its output becomes sensitive to
disturbancos, such as shock waves in the flow, This characteristic of the

probe can be useful in mapping of discontinuities in complicated flow fields.
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INTRODICTION

In principle the temperaturo inside a pitot tube, whare the flow is hrouqht
to rest at equilibrium, should ba the staqnation temperature, and could be measured
by a temparature transducer placed inside the tute, The ditficulty is that in
practice equilibrium Jors not exist, since heat Is lost by conduction, convection
and by radiation from the transducer and the probe walls, Thus the transducer
responds to a temperature Tr (recovery temparature) which is lower than the
stagnation temperaturc, This recoverv temperaturs depends on the probe conflquration,
conductivity and reflectivity of the probes walls, flow conditlons about the probe
walls, construction materials eic, 1t will be shown that such a probe, can be
specially designed to respond as well to various disturbances in the tlow field such
as shock waves, shear or entropy discontinuities etc, In the present investigation
total temperature probes are developed for studies of the flow field in the supersonic
near wake. These prohbes should have recovery factor, r close to unity which Is
also almnast independent of Mach and Reynolds numter variation, The prcbes must be
of smal!l dimensions so that a good resslution can be obtained with minimum disturbance
to the wake flow. A successtul total temperature-shiolded thermocouple probe was
desiqgned and built at NOL by E, Winkeler (Rat. 1), This probe had qood characterlistics
but its dimensions, 6 mm NN, are larqge for most near wake measurements, In the
present investiqgution probes of 3 mm and 2 mm 0.0, were buitt and studied, It will be
shown that those 2 mm and 3 mm O,D, probes have almost comparable characteristics to
the 6 mm one of Ref, I, Tne smaller probes can be mada sensitive to ftow discontinuities,

so that *these can he also used for flow field mapping (Ref, 2},




70 THE 2 mm A0 G O D SHTE LY THEGRACOID E OROBE DEE [0

The drawing and o photonraph of the 2 mm 0,00 nrobe are shown in Fiqures la and

Ib respectively, The dimensions of the probes are aqiven in Table |,

TARLE T,

TOTAL TEMPRERATURE PONORES DIMENS LN

Vent Hole Aroa

P - 5
robe N mm d mm X M * fm wd' /4 XS mm xd mm
72 mm 2.0 1,3 b 5 L6N 5.3 N
3 mm 3.0 2.0 q 4 .40 R n

The qlass shield is coated with shining pltivum paint (Manovia paint type XX) baked
at 760° C. The thermocouple is made of 3% qaae iron-constant thermocouple wires
packed in a stainless steel tube filled with inserted throuaqh a teflon plua.
The thermocouple junction is ohtained by spot welding in a mercury bath, The junction
diameter is about |.i times tarqger than the wire diameters, The probe's head is glued
by epoxy resin to the staintess steel probe holder, The stainiess stell tube on which
the probe head is mounted is bent, knee shape (see Fiq, 1), so that the probe holder

and support are kept outside the wake reqion,

3. THE SHIELLED THERMOCOURLE PPORES CHARACTIRISTICS

The recovery tactor of the vhielded thermocouple probe is detined as




N, 2

where Ty - Racovery Temperature Inside the Probe
r
TT - Staqgnation Temperature
T - Static Temperature

The recovery factor is determined hy the balance of the losses due to con-
duction and radiation and the rate of heat addition from the free stream to the
probe. Tne losses can be evaluated approximately from the known properties of the
probes' materials and rate of heating as shown in Fiq. 2. It is seen that for
moderata heat transfer rates to the probe external surfaces total temperature

deficiencies of the order (AT) + (AT) = 2% to 5% can

T convection radiation

be expected, The recovery factor values depend in qgeneral on the Mach number and
Reynolds number, For convenience in use particularly in non-uniform flow reqions
(such as in the wake reqion) it is desirable to have a probe with a calibrated
recovery tfactor which will be insensitive to the variation ot these flow parameters.
The present probes were desiqned to minimize the effects of Revnolds number variation
on the recovery factor and only a small effect of Mach and Reynolds numbars is
detected., The measured recovery factors are 0,985 t 0,005 and 0.975 t 0,005 for the
3 mm 0,D. and 2 mm 0,0, probes respectively. The variation of the prohes output is
shown in Figs. 3 and 4 as a function of Mach number and Reynolds numbers, The recovery
tactor dependence on the ratio ot the vent holes area and frontal hole area is shown
in Fig. 7. It can be seen that vent holes area of 35% to 0% are desired fcr the

3 mm probe while 50% to 80% are needed for the 2 mm probe, while the 6 mm probe requlired

on!y 201 open vent area (Ref, |).




The response time of the probe is important tor transient measuraments and also
tor measurements of temperature distribution usinaq a fraversing mechanism. The time
response constant 1 for the 3 mm probe is estimated to he about 0,77 sec, while for
the 2 mr one, the value is about 0,2 sec., These response times are reasonable and
enable recording of large number of temperature points during a traverse of few

minutes during the wind tunnel test,

An additional feature of the shileded thermocouple probe is its sensitivity to
disturbances in the flow, When the probe crosses a disturbance (such as a shock wave
or a thin shear layer) its recovery factor channes abrutly by the cevere changes In
the heat transtur rates due to the disturbed flow conftinquration in and about the probe,
fhis characteristic of the probe can be used for defection of disturbances in a flow
tield. It was tound that the change in the recovery tactor may be made positive
(indicating "higher" temperature) or neqativa ("tower" temperature) or even neutral
depending on the position of the thermocouple junction in retation tc the vent holes
position. The magnitude of the response aof the probe to the disturbances is determined
in the present investigation at the jump of the probe's response o5 it traverses the
trailing shock and entropy laver at a fixed station in the wake of a wedqe~flat plate
model, A typical probe's response at this position is shown in Fiq, 6, Probes wlth
varying thermocouple junction position are tested ot the same wake station and the
probe sensitivity to the wake disturbances is messured., The results of this measure-
ment tor the 3 mm probe is shown in Fig, 7. It is seen that when the junction s
positioned near the probe's entrance the probe's output is reduced as the probe crosses

the disturbance while beyond about 1/3 distance towards the vent holes this output be-

comes neutral and then becomes positive as the thermocoup'e junction is moved towards




-5 -

the vent holes, The maximum sensititvity is obtained when the junction Is at the
vent hole position, Similar results are ohtained also in the case of the 2mm 0,0,

probe. The use of these probes for wake flow mapping Is shown in Reterence 2.

Further miniaturization of the probe desiqn can he obtained by using new
technique for manufacturing such as by use of new tools for drilling holes in
glass etc. These miniature probes can be usad tor boundary layer studies and

can be useful as additional tools to the generally used hot wire techniques.




REFERENCES

|. Winkler, M, Eva:"Design and Calibration of Stagnation Temperature Probes

2. Rom J., Kronzon, Y.

for Use at High Supersonic Speeds and Elevated
Temperatures"”, Journal of Applied Physics, Vol., 25,

No. 2, Feb. 1954, pp, 231-232,

and Seqiner A,, : "The Velocity, Pressure and
Temperature Distribution in the Turbulent Supersonic
Near Wake Behind a Two-Dimensional Wedqu=Fict Plate
Model",Contract AF 61 052 67 C 0033, Interim Scientitic

Report No. 4, TAE Report No. 80 Dec. 1967,



3808d JYNLVH3IANIL TviO0L wwe JH1 40 WwvyoOvIid 1 9id

13315 SSINWNIVIS -




CONDUCTION- |
~ |-CONSTAN

TAN 3

o

RA[JIhTILN

10

FIG.2 ESTIMATES OF TOTAL TEMPERATURE

30

40

+
50

ERROR DUE TO CONDUCTION AND RADIATION

LOSSES




111|||1| |«J

d38ANN  HOVA MOT4 40 NOILONNS SV
dOL1OVd AY3A003Y S3904d 3IHNIVEIJWIL V1oL €94

MmMOE ®
€88

(0} G2 02 Sl




H3aWNN
SOIONAZY 40 NOILONNS ¥ SV HOLOV4 AY3A003 S3808d FWNIVH3IdWNIL viol v Ol

.q 8y, 850 0s0 Sv0 0%0 s¢0 0€0 62Z0 020 S0 0o 00 0

i

1660

160

860

660

00!




-099 =
7~ s
}_TJ/ N
-0.98 jr‘ : i e =
Er ?:l
0.97—F =R

N
-0.96 71’/ -

_.095-% B e
! +

O34 7 EWINKLER —
+ NAA
i X NACN TH 1805 -
8 3mm PROBE
092115 2mm PROBE
-091-{-
-0.90+———+—— -

O 0l 02 O3 04 05 06 07 08 09 10

FIG.5 RECOVERY FACTOR DEPENDENCE ON
THE RATIO OF VENT HOLES AREA

TO FRONTAL HOLE AREA




FIG.6 RECOVERY TEMPERATURE PROFILES IN THE TURBULENT
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