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CALIBRATION 01 TER!I'TIMFERLTURJ PROBES
"AND A PRESSURE PROBR - LT EIGH B?IIDS
By VW, !. Lindnsy_‘

SUMMARY

Three FPranz-type temperature probes and a pitot-.
static tube for uses in supercharger passages have been
calibrated in the NACA 24-inch high-sreed wind tunnel,
These instruments were designed for use in supercharger
investigations.

IETRODUOTIOR

At the suggestion of Pratt & Whitney Alrcraft
(Divieion of United Alrcraft Oorporation) and with the
approval and recommendation of the NACA Special Subocom-~
mittee on Supercharger Compresesors, three Franz-type
temperature prodes and a pitot~static tudbe for use 'in
supercharger paseages have been calibrated in the NACA
24-inoh high-~speed wind tunnel at the lLangley Memorial:

- Aeronautical Laboratory, Langley Field, Va. These 'instru-
ments, supplled by Pratt & Whitney Airoraft. vere. deuignod
. for use -in ‘supercharger 1nveut1gations. :

.ot : : METHODS AND APPARATUS

- g " A ot LR
Tho 24—1nch high-pspeed wind tunnel, in which thesse
taqtn were conducted, 1s an induotion-type wind .tunnel
«Hithput‘rbturn paseages, its indGoction noszle being down-
s 'gtneam. . from -the ‘test section (rotorunce 1).

The impact or total pressure at the test -action for
all speeds 1g 'equal to the stmospheric pressure except
for a small . logs’ through screens., This loss, equal to
approximgtely 0.13 percent of -the dynamic pressure, has
been determined by measurements of the loss through




screeng and by comparison of the. impact pressure of
several standard pitot tubdbes.

The static pressure at the test section was deter-
mined by calibrated static-~preesure orifices in the tunnel
vall upstream from the test section. Calibrations of the
static~-pressure orifices were maie, in the usual manner,
by comparing the pressuree at the static-pressure orifiges
with the static pressure in the teet section. For the.
calidrations, the etatic pressure at the test section was
determined by measuremente of the pressure acting on ori-
fices at the test—section level in a long tube that ex~
tended from the region of practically zero veloclty ahead
of the entrance cone to a polnt well downstream of the
test section. Tubes of two sizes were used in these cali-
brations, one tube being of 1/8-insh diasmeter and the
other of 3/4~inch diameter, Identical results were ob~
tained with either tube,

Temperature probes.—~ The three temperature probdes,

baving thermocouples to indicate the temperature, were
geometrically similar. The dimensions are given in fig-
ure 1 in terms of the diameter. 'The diameter of the
larger probe was 5/16 inch and of each of the two smaller
probes, 5/32 inch. The large probe and one small probe
were made of fiber and were identical in construction,
The other small probe was a modification of the firet.
The modification coneisted of a steel sleeve extending
along the cylindrical portion of the body of the prode.
The sleeve, having a length of approximately 2.2 dlam-
eters, extended t0 a point 3 diametere back of the nose
of the probe. The thickness of the slesve was equal to
the thicknees of the fiber at the exit orifices. The
orifices in the steel eleeve were drilled perpendicular
to the axls of the sleeve.

The temperature probe was fastened rigidly at the
tunnel wall and extended approximately 2 inchee into the
air stream. The thermocouple leads wers connected to a
potentiometer by copper wires. The Jjunctures of the
thermoocouple leads and the copper wires were elegtrically .
insulated arnd were kept at a constant temperature in an
lce~water bath, the temperature of which was checked with
an acourate thermometer,

Pitot~static tube.- The pltot-static tube and the

support are shown in figure 2., The tudbe, 0,049 inch in
dlameter, had four equally spaced 0,008~inch~diameter




statio~pressure orifices located 0,16 inch back of the
impact opening. The impact opening was 0,019 inch in
diameter, The distance from the end of the threaded part

be Varied from approximately 1/8 1ndh to 2 inches.

‘. The pitot-statio-tubde support was fastencd to the
: * - tunnel wall, the pitot-static tube bPeing locked in its
: most forward positior, which placed the head of the in-
strumeat approximateiy 3 inches from the tunnel wall,
- The angle Tetwesn ihe head of the pltot~gtatic tube and
tho eir stioam was held at O0°

SYM30LS

Py impact, or total pressure
gtatic pressure

T1 true adliabatioc~compression tempereture, degrees
absolute

T alir-stream temperaturs, degrees absolute

Mach number

Y ratio cof specific heat at constant pressure to
epecliflec heat at constant volume

YValues obtained from instrument readings are denoted
by primed symbols,

RBSULTS

The results of the calibrations are presented in fig-
ures 3 to 9. TFigures 3, .4, and 6 showv the calidbration
and temperature~recovery factors for the small original,
the small modified, and the large temperature probe, re~
speotively. A plot skhowing the relation between the pres-
! sure ratio and Mach numder is given in figure 6. Yigures
7 and 8 ghow the error in impaoct-pressure and in estatic-
pressure readings, respectively, and figure 9 shows the.
cal ibration faotor for the pitot—etatic tube. An esti-
mate of the accidental error involved in the calibrations
oan be obtained from the socatter of the tést points.
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DISCUSSION

1

The temperature probes are actually designed to meas—
ure the adiagbatic~compression temperature of an alr streanm,
From this temperature and a knowledge of the total and
static pressures:im the air stream, the temperature of the
air stream i1s determnined. Ncormal interest thus centers on
the so~called temperature—~recovery factor, that is, the
capabi 1ity of the probe to measure the temperature rise
resulting from the adiabatic compression of the air from
the stream pressure to the pressure corresponding to zero
velocity. Because these instruments, as noted before,
actuslly are designed to measure the adiabatic—compression
temperature, it is therefore interesting to examine the
relation between the teunperature measured and the true
adiabatic~compression temperature, as well as the temper-
ature~recovery factor, ' '

The calibration factor, which is the ratio of the
true to the indicated adiabatic~compression temperaturs,
increases numerically for each of the temperature probes
with increase in the compression ratio of the Mach number, ’
The error in this factor, in percent of the true adiabatic-
compression temperature in degrees absolute, at a Mach
number of 0,9, is slightly greater than. .1l percent for the
small original probe (fig. &) and is approximately 0,7
percent for the modified small probe and the large probe
(figs. 4 and 5), OCalsulations based on the assumption
that the flow did not separate from the divergent walls
within the temperature probe indicated that the change in
temperature resulting from the .finite weloclty at the
thermocouple would be insignificant, - .

A comparison of the temperaﬁure«recovery factors for
the two small probes (figs. 3 and 4) shows that the modi-
fied probe has a temperature~recevery factor which is ap-
pProximately & percent higher than this factor for the
original small all-~fiber probe. A comparison of the
factor for the modified small probe with the factor for
the large all-fiber probe shows that the large probe is
somewhat better. Thne difference in the factors decreases
from approximately 3 percent at the lower values of the
compression ratio t0 1 percent at the higher wvalues.

The temperature-recovery factor will be considered
in more detail in order to show the reason for the large
scatter of the test poilnts at the low values of the'com~
"pression ratio and to show the relation of the temperature-
recovery factor to the calibration factor presented.

]




The relation between Mach number and compression ratio,
as Obtained from the relation besiween pressure, desnsiiy,
and velocity of sound, and Bernoulli's equation for a conm~
pregsible £Iuid, is

Y

. - _
,Ma = 2 [(Ei:)w — 1J
Y -1 Py
This equation reduces to

i 2 (1)
Y - 1\,

and

Trus,. at low Mach numbers the differences between
the ztrean t emperature and the 2a20iabvatic-crmpression tem-
perasure become very small (spproximately 3% F at aMach
number of 0,25). The experimental error involved in the
determination of these tenmperatures, eveun though very
small in acitual degrees, Decemes very imporvant.,. At very
low Mach numbers, the temperature-recovery factor may
therefore have no practical sigaificance because of the
experimental evrror involved in its determination. TFor
this reason, the curves showing the temperature-~recovery
factor were not extended to the lower wvalues of Mach num-
ber. The temperaturs-recovery factor 1in terms of the
calibration factor is

T:' - T Ts ! ‘ '
__i_____’_S_ - ...?.__.. <1 + ._5_5> - __5.2_.
i =Ty T N0 ou M

i}

Ty ! ,,_5__(1 - Ti')
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Thie relation shows that the temperature-recovery
factor 1s equal to the reciprocal of the instrument cali-
bration factor less a term involving the Mach number and
the instrument calibration factor.

The errors in the calibration of the pltot-static
tube are separated into the errore in impact-preesure and
in static~pressure readings. A conparison of the two
erroreg, figures 7 and 8, respectively, 1ndicates that the
greater error ococurs 1in the statlic-pressure reading eat
the highest values of the compression ratio, or speed,

At the lowest compreesl on ratlos, the two errors are ap-
proximately equal and in the same directlion and therefore
tend to cancel each other,

Conglderable difficulty was encountered in obtalning
the static~pressure readlng because of the excesslve
damping in the piltot-static tube. Thlie excessive damping
resulted from any one of or a combination of the follow-
ing factors: etatlc-prescsure orifices of small diameter,’
small number of statlio-pressure orifices, and restrictions
in the statlic~pressure line within the tube 1tself result~
ing from the smell free area of the statlic tube. A di-
rect result of this exireme damping can be seen in the
scatter of the test pointe in figure 8, of which the max-
imum value 1s %2 percent.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va,
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Figure 3.- Pratt and Whitney pitot-static tube.
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Figure 3.- Callibration of Pratt and Whitney temperature probe, 5/32 inch in diameter.
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