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CORRECTIONS ON THE THERMOMETER READING IN AN AIR STREAM*

By H. J. Van der Maas and S. Wynia
NOTATION,:

v true flow velocity
v true flight velocity

b pressure
q dynamic pressure

p' density

density at ground in standard atmosphere

¢ specific heat at constant pressure

Cy specific heat at constant volume

O = cp/cv

é , acceleration of gravity

R gas constant

i absolute temperature

A mecaanical equivalent of heat
¥ viscosity

A heat transfer coefficient

6 temperature

ea thermometer reading

H altitude

n mass

..; ———— B T Sp— BeSa;

"Correctie voor stuwing en wrijving op thermometeraan-
wijzingen." Nationaal Luchtvaartliaboratorium, Amster-
dam, No. 8, 1939. Roport V 834, pp. 28-33,
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I. INTRODUGTION

To obtain reliable results from observations during
flizht tests, the external air temperatures must usually
be known - often to an accuracy of a tenth of a degree
Centigrade. For this purpose, the N.L.L. (Nationaal Lucht-
vaartlaboratoriun) employs a special type of thernmonmeter,
nanely, the so-called "distance thernmoneter." The latter
generally consists of a mercury buldb which, by a long,
flexidble capillary, is connected to the dial located in
the pilot's cockpit, while the megsuring body is located
in the air stream outside the airplane. 4 sun shield
serves to screen the instrument from the direct rays of
the sun. Figure 1 shows two thermometers constructed in
accordance with this orinciple. The only difference is
in the shape of the sun chield.

Instead of mercury thermometers it is, naturally, also
possible to use, for example, electricapl-resistance ther-
mometers for the measurcment of the tenperature. Both
systens possess typical advantages and disadvantages. The
most inportant advantage of electrical thermonmeters, as
compared with mercury thermoneters, is their considerabdly
smaller time lag. Their disadvantages are mainly associ-
ated with the sensitive galvanometer required for accu-
rate measurements and which must be suitable for use on an
airplane. It is notiour intention in this ariicle i donae
further into this matter. At the present time, the N.L.L.
is giving consideration to a partial replacement of mer-
cury by eloctrical thermometers for temperature measure-
ments in flight tests. In this report the discussien will
be restricted to the distance thermometers mentioned adbove,
which have been found very unseful.

ifficulty is that the reading of such thermome-

ters may for various reasons differ - in some cases con-
siderably - from the true outside air temperature. In the
first place, there naturally occur instrumental errors,
which can be found by calibration. We wish to point out
here that this correction, which offers no difficulty, will
be entirely left oubt of consideration, so bthabinWthe fol-
lowing, wherever we speak of thermometer reading, it is
assumed that the instrumental correction has been made.

The 4
£

A second error is caused by the changed flow velocity
in the neighborhood of the measuring body. Even without the
use of a sun shield (which strongly affects the flow pat-
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tern and flow velocity, there exists in every case on the
surface of the body, at least one stagnation point, Since,
wherever (strictly speaking; in ‘a potential flow) there is
a decrease in the flow velocity there is, according to
Bernoulli's law, an increase in the pressure; every de-
crease in velocity is asgociated with an approximately adi-
abatic compression .and, hence, a temperature rise. The
latter may amount to several degr es Centigrade for lardge
changes in wvelocity.,.

Furthermore, there is formed on the surface of the
measuring bdody, a boundary layer within which the inter-
nal friction (viscosity) of the air plays an important
part. OSince the energy of the friction is converted into
heat, the temperature in the boundary layer of the measur-
ing body rises, especially at the points where the flow
velocity outside the bdoundary layer is large. The correc-
tions to be made for the two last-named effects of adia-
batic compression and friction, and which have variously
been investigated - also by the N.L.L, (Report A, refer-
ence 1) -~ will, in the present paper, be determined by a
new method.

In addition to the above-mentioned errors, one more
important source of error may be mentioned, namely, that
due to time lag. The mercury thermometers of the type de-
scribed have a large heat capacity; on account of this
fact, together with the lirmited heat transfer, tho ther-
nometer reading lags behind the change in temperature of
the surroundings. Some observations in regard to this lag
error will be made in the appendix.

Surnarizing, it is necessary to apply a threefold
correction (in addition to the already applied instrumen=-
tal correction) to each thermometer reading:!

1. A correction for adiabatic compression.

2. A correction for friction.

3, A correction for time lag.

Finally, it is to be obgserved that all the measurements
considered in this report were made with one of the two
distance thermometers shown in figure 1. They arc manufac-
tured by Negretti and Zambra, and are distinguished by the
notation NZI, with the "old" type of sun shield (fig. 14),
and NZII, with the "new" type of sun shield (fig. 1B).
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II. CORRECTIONS FOR ADIABATIC COMPRESSION AND FRICTION

1. General

The temperature effect associated with the retarding
of an air stream has long been known. The first investi-
gations in this field were carried out by Xelvin and Joule,
who were able to show good agreement between theory and
experiment., Since then, various investigators have con-
cerned themselves with prodblems of a more or less similar
nature. We may mention here the work of Pohlhausen (ref-
erence 2), Edmond Brun (reference 3), and other investi-
gations by the N.,L.L. (reference 1), limiting ourselves to
those publications of which use was made in the present
report.

For a detailed historical review, we may point to the
work of Edmond Brun (reference 3)., All cxperiments with
which we are familiar, however, are incomplete in one re-
speet, namely), that theéeiair density, on: whilchy in Zener=
al, the tenperature may also depend, was not considered.
In laboratory and wind-tunnel measurements, the investiga-
tion of the part played by the air density meets with dif-
ficulties which may be avoided if a method is found that
makes use of flight tests. Such a method has been devel-
oped by the N.L.L., and an additional means was thus pro-
vided for Iinvestigabtions in this Ffield. Refore going into
a description of the method, however, it is desiradble to
consider the effects to be expected from the theoretical
viewpoint - having regard particularly to the finding of
practicelly suitable correction formulas for thermometer
readings.

2. Temperature Change Associated with
Adiabatic Compression

Part of the simple treatment given below has already
appeared in older reports (reference 1). Since no account
as taken of the effect of air density, we repeat the the-
ory in more complete form.
Under the assumptions that:

a) the flow is steady and free from rotation,

,b) the internal friction may be neglected,
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c) no external forces are acting,

d) compression takes place adiabatically, the pres-~
sure gnd density being connecged by the known
formula for ideal gases, ©p/pP%¥ = const,

the equation of Bernoulli with compressibility taken into
aeccount, is:

vy, w0 B BitesaBitiin s ihionS i)
2 XK-10p, 2 K-16¢,

where the subscripts ; and , denote two arbitrary points
in the field of flow. TFor ideal gases, we have, in addi-

tion
E— m ~ :E (2
5 g R T cP iy i (2)
From equatione (1) and (2), there is obtained:
-1 v,2-v 2 1
1 2
s i L = = .2-'V8 S
- K 2e R R ) (3)

This expression may also directly be found from the
energy egquation:

3 m (v,2 - v,2) = A meg ch (Tg - Bg)

which states that the kinetic energy is completely con-
verted into heat.

- Thus it is found that the temperature rise through

the adiabatic compression depvends entirely on the velocity
change and not on the density. It is possible to construct
a thermometer so that itg mercury buld is practically all
located at a stagnation point; for example, by making the
dimensions of the buld as small as possible and mounting it
at the center of a circular disk which is set Y ap nieht
angles to the flow direction. For such a "stagznation point
thermometer" the correction would be siven by (3) with v,
= 0. Moreover, practically no flow occurs in the direct
neizhbdorhood of the mercury bulb, so that the offect of the
friction is inappreciable and no correction need be made
for it. (See reports A.322, A.342, and A.479.

With the thermometer tyres employed on airplanes, how-
ever, corrections must be made voth for adiabatic compres-
sion and friction.
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3. Temperature Change Associated with Friction

The correction. which must be applied on account of
the frictional heat developed in the boundary layer of the
thermometer body, can be approximately computed in only a
single simplified case. In general, this boundary layer
is partly laminar and partly turbuleant. - In a turbulent
boundary layer, the velocity distridbution is nonuniform;
as a result of this fact, the temperature distribution
due to the liberated frictional heat is not capable of
simple computation. ‘

For the case of a steady potential flow along a flat
wall with laminar boundary layer, Poalkausen (reference
2) has computed at what temperature difference between the
wall and the gas (or fluid) the heat exchange between
boundary layer and wall is zero. It is found that this
temperature difference may be writiten in the form:

- (2)

T e, (5
&% B A c

Qo |+
o

o)

where B is a constant that may be considered as depend-
ent only on the ‘kind of ‘gas. (For air, B approximately
equals 3,6.

The formula thus obtalaned?

2
AT = 0.45 ~—§——— (5)
& Cy
can be applied to a "plate thermometer" -~ that is, a ther-
mometer whose mercury dbuldb is in the form of a thin, flat
plate, for which the boundary layer isg assumed to be lam-

inar.

From formula (5) it follows that the temperature
change due to friction likewise does not depend on the den-—
sity, out only on the square of the velocity.
kgn 4 cal

T oek T =N dd - =

cal 15 - g R

Ll Gha et == O 8l A =429

n

the theoretically derived correction formulas for the two
extreme cases becomne:
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1) for the stagnation-point thermometer (case where
friction is neglected) from (3)

=13

A16= —~ NOLENX Lo ¢2 (46 * 2200, wrin . mle) (6)

2) for the plate thernometer (only friction
without adiabatic compression)

AgB = = 0,45 ¥ 907% v2(Ag 40,7, v i ‘mfe) 7)

where © ¥ ‘i3 ‘the undisturbed flow velocity.
To the above may be added:
2a) plate thermometer with turbulent boundary layer:
Az = unknown
magnitude.

Brun, refer-
alsc of the same

A16 and Az6 are approximately of tae
On the basis of laboratory measurements
ence 3), it may be expected that Auf 1
order of magnitude.

2 am
(B.

m —~mnm

In the case of a thermometer of arbitrary construction,
the above three separately considered effects, in general,
occur together. Or the basis of the formulas found for
A16 and Az6, it is necessary, with the aid of experiment,
to investizate as to wkether the total correction is also
with sufficient accuracy proportional tc the square of the
velocity — for which must be taken the true flight velocity
Vye There remains, however, the question whether the cor-

rection formula, which in thigs case may be writien

P
0

-2 g (8)
p

&k
& Bg 2 By Bra ¥ S48

may be extrapolated bevond the region for which it was ex-
vperimentally established.

For a thermometer of the type NZI, the investigation
was completely carried out (see section IV), and it appears
that up to dynamic pressures of 600 kg/m? the error may,
in fact, with good approximation, be computed dy a Iormula
of tyve (8).

' ]
5. It is of interest to add to the above consideration
the following remarks which concern the practical applica-
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tion of the correction formula.

In the formula there occurs the undisturbed flow ve-

Loeity Vy» namely, the velccity at a point where 1t is

not disturbed by the thermometer. When a thermometer is
nounted at a certain place on an airplane, however, there
are two causes of disturbance - i.e., the .airplane and the
thermometer. The question now is: Which velocity is to
be substituted for Vy in the. formula?

The above difficulty may, to a large extent, be re-
moved by mounting the thermometer at z point where the
flow velocity as far as possible is equal to the flight
velocity, and then also substitute the actusl wvelocity for
Ve If this is not done, an error will be made in the cor-
rection formula.

We wish to determine the order of magnitude of this
error, assuming that the correetion formula is of form
(8). Let
T be the true flight velocity
e the flow velocity in the neighborhcod of the ther-
rormeter be at a point where the disturbance:
by the thermometer itself may be neglected

P vtg

el
C*-
il
i

6 be the true temperature of the air

B¢ he true temperature at the point where Vi is
taken
bg the reading of the thermometer
According to (8), we may now write:
5 .
S0, )
Furthermore, - Bt ‘deviates from €, because to each

change in velocity there corresponds an adiabatic compres-
sion. That this velocity change is largely caused by the
airplane, is of no concern here. There is then also ob-
tained from (3) :
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. 1 o (- TS
be @ = = T (vW T
. .
. 3 : »
Pt B G Wb o

and the required total correction from ( ) and (10).1s

P

AB=06~6,==c"-2qg~(c=-c") ?? s (11)

a

gl e

N g
e e

ect, but actually erroneoms anvlication of (8) would
e

i
v

Now ¢ ©practically never differs from ¢! (because
the correction constants for friction alone and compres-
sion alone are avproximately equal (see (6) and (7)), so
it may be expected that the correction consuunts for a com-
bination of both effects is also approximately of the same
nagnitude, as avpears to, be the case., An extreme assump-

tion, for example, is: % @ = c¢c!'. Equation (11) then be-
comes i
4. Fo 1 Po
AG=-=¢c—¢q=-=¢—
5 5% S0 8%
The error nade in the direct application of (8) is
thus -~ if it is assumed that q, 1lies bet reen the linits

v
0 and 2qg - at nost, 20 percent. It is naturally desirable,
especially for accurate measurements, to choose carefully
& suitable mounting for the thermometer.

IITI. EXPERIMENTAL INVESTIGATION

la The tests to. be carried out must not .only give the
value of the constant occurring in the formula, but must
also give the form of the latter, and it  is particularly
necessary to check the dependence on the air density.

Before going into the experimental method of the N.L.L.
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which utilizes flight tests, we wish to recapitulate the
results already obtained from wind-tunnel tests, referring
to a previous repvort (reference 1) for more details. in
these tests the reading of the thermometer is compared
with the reading of a stagnation-point thermometer, to
which the theoretical correction (6) was applied. For the
NZI thermometer, the following result was obtained:

AB = - 0,000 q (A8 in OC, i kg/mg)

so that from formula (8)

B4 2
¢ = 0.010 —=2——
g

2e In seeking to obtain the desired result through
flight-test measurements a serious difficulty is encoun-
tered, namely, the considerable inertia of the usual ther-
mometer . which causes an error in the reading that is not
known with sufficient accuracy. This error might be elim-
inated by using steady thermometer readings over a long
period - such readings being obtained during flight tharough
an isothermal layer of the atmosphere. This has the dis-
advantage that uniformity of atmospheric conditions, over
which there is no control, must be assumed. Furthermore,
even in the most favorable cases, the structure of the at-
mosphere is never entirely uniforn.

Two methods may be considered that might lead to use-
ful results:

1. A direct method, in which as favorabdle atmos-
pheric conditions as possible are awaited, during
which as accurate measurenents as possible are made
with apparatus especially developed for this purpose
(for example, stagnation~point thermometer as basic
instrument ).

2. A nothod by which it is sought to obtain reliabdle
results exclusively through the corresvonding readings
of the thermometer to be investigated, the speedometer,
and the altimeter. For this purpose no special appa-—
ratus is required dut as will appear, good results
are possible only if sufficiently comprehensive data
are available. The latter can- be gathered in the
course of a large nunber of flights.
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The N.L.Lii chogse the latter nethod, which has the ad-
vantage that it can be conveniently carried out while the
reliability of the results can always be improved through
systematic extension of the data. Insthisg manner, diffi-
culties which are bound up with the construction of spe-
cially suitadle apparatus, are also avoided.

The required measurements were made by the N.L.L, dur-
ing perrformance tests on various aircraft. Ian these tegts
the temperature is always determined with-a distance ther-
mometer of the NZI type or NZII type (usually the former),
so that sufficient data can be gathered.

3. The method employed by the N,L.L, will be further
explained in what follows. During performance measurements
horizontal flights are carried out at various constant
speeds; for example, to determine the relation betwecen the
velocity and the rotational speed. When such a series of
flights is carried out in an isothermal layer of the atmos-
Phere, the thermometer readings - provided care is taken
during the flights that these readings are recorded after
they have become steady - can be used for the required
purpose. It is then always possible, from the relation
existing between gpeed, altitude, and thermometer reading,
to establish the applicability of the assumed correction
formula (8) and also the value of the constant.

Since it is not possible during the test to check
whether or not the aircraft remains in an isothermal layver -
this will be the case only under very favorable atmospheric
conditions - all measurements must subsequently be sorted
according to the following criterion:

The readings obtained during flizhts at equal altitude
with different constant dynamic speeds, show a regular in-
crease at large dynamic pressures. When a series of at
least three observations satlsfy this ecriterion, it may be
assumed that the flight under consideration is, at least
2

ider
approximately, carried out under the desired conditions.

In this connection, it is of interest to point out
that, since the flights were conducted on various aircraft,
small deviations may arise as a result of varying location
of the thermometer on the airplane, even though as favor-
able %ocation as possible is always chosen. (See also
1,.5, - %
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IV, ANALYSIS OF THE RESULTS

The data contained in the unpublished reports (V.660,
v.718, V.771, and V.1051) .include a series of observations
which satisfy the above criterion (III,3). These data are
taken over and worked up in the tadle at the end of this
report. TFigure 2 gives the corresponding curves. A4ll obdb-
servations are carried out with the thermometer type NZI
except the last two series taken from report V.1051, which
were obtained with a thermometer type NZII.

From the above-mentioned curves, which give the ther-
mometer readings as a function of the dynamic pressure,
(dea/dq)H is obtained. From (8),

<§9§\ 4 b B0
dq /g i PH

The table below 3Iives the results:

= s e e o et et i e e P iy

| Dynfmii B sahdas galues of
Revort wolke ot in SA* ﬁ<§“§> S o
) ibh 5
AR pressure | density|Ndq /g __PH
V.660 205-595 380 375 0.0083
LA 130-325 15670 1690 .0096| Ther-
V.771-1 150-260 5070 5040 .0135 \ mom-
V,?7l~II 95 =820 3590 2550 .0145 [ eter
Vi =T 95-230 5070 5040 .0143 | NZ1I
V.771-V 95-308 3620 2570 .0123J
V.771=VI 95-315 2590 2430 Sentiels
] ‘ Ther-
Vil LB 1 150-600 3200 - 0.,00965({mom-
Vil 058! 250-600 1000 - ,00675(eter
, NZII
*SA = standard atmosphere.

The curves on figure 2b give the values of (dea/dq)H

as a function of the altitude. There is also shown the
curve walch is obtained by substituting 1n (8) for ¢ the
value 0,008 °C m3/kg or ¢, = 0.5 107>% g2/n2,

The seven points experimentally found for the NZI ther-
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noneter, with the exception of one, appear to fit the

curve with small scatter. The fwalue ¢ =NNOIG 2e ma/k@
(III,1) obtained from the tunnel tests, is somewhat larger.
These neasurenents, however, were all made at smaller
speeds (up to 30 n/s).

Although it is still very desirable to extend the
availabdle experimental data, the conclusion may be drawn
from the 2bove results that the correction formula to be
applied to the thermometer recadings - at least, for a ther-
mometer of this type - may, in fact, with good approxima-
tion be of the Form (8). For this thermometer (type NII),
¢ = 0,008 °C mn®/kg, or ¢; = 0.5 107% °¢ s%/mB, The cor-
rection agrees apnroximately with that theoretically deter-
mined for the stagnation-point thermometer.

The two points found for the thermometer NZII are nat-
urally not sufficient for basing any conclusions. It ap=-
pears probable, however, that the value of the correction
constant of this thermometer must be chosen smaller; for
example, ¢ = 0,0085° C m2/kg.

The accuracy of the results as already observed, on
account of the many possible disturbances and sources of
error, is closely connected with the number of suitable
neasurement results. With the method described, however,
good accuracy is attainable as appears from the cases con-
sidered above.

V. SUMMARY

o)
T

A method is described for checking a correction for-
nmula, based partly on theoretical considerations, for
adiabatic compression and friction in flight tests and

determining the value of the constant. The ‘Corntte 183
o)
A8, ==c -2 4
P

where, for g thermometer of the type NZI

For practiecal application, the formula can alse be written:

4 8, = = 3.86 ¥ 107% gg vq2

where v, 1is the dynamic velocity in km/h.
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Some values obtained are given in the table dbelow.

- ol I Correction in "0
Dynanic velocity, km/h 100 200 300 400
Altitude: 0 nm -0,39 | -1.54 -3,48 =8 ,17
I 2000 m -.52 | -2,08 -4.68 o
iy 6000 m = aE | Lo, Be ~6.45 | -11.5
f 9000 m ~1.,01 | -4.086 =9 42 « FSIeNe
(s —— PEO R R S e e

or good accuracy, comprehensive observation data are
necessary. The results obtained appear reliabdle.

VI, APPENDIX

Time Lag of a Thermometer

Ml

The thermometer reading Ga Zives the averaged mer-

cury temperature. If the temperature of the surroundings
(8) differs from the above, the reading changes. To a
first approximation it mayv be assumed that the change in
the reading per unit time is proportional to the instanta-~
necus temperature diffcrence:
ao
—& =k (8 - 8,)
at el
dae
or 4.8 = L 28
k dt

The value of % must also depend on the speed of the
air flow in which the thermometer is placed, especially at
small flow velocities. The correction constant k' = 1/k
can also be obta 1pod from observations during flight tests.
For this purpose, there is firgt determined by level flights
the temperature distridbution in the atnosphere. ' Again, the
requirement of extremcly uniforn temperature distridbution
nust be met, sc that the level rflights take place in an
isothermal laver, and the time-lag error can thus be elimi-
nated. These level flights are then followed dy diving or
clinbing flights. PFrom the relations between time, alti-
tude, and thermometer reading, the value of the correction
constant can be found since the change of temperature with
altitude is known.
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It is desiradble to carry out all the flights with the
same velocity, so as to exclude the corrections for adia-
batic compression and friction from the computation. .Only
if this correction is accurately known, may this rule be
considered superfluous.

The investigation on this subject has not been com-
pleted and will be continued with the object of pudblishing
more detailed data. The not accurately known dependence
of k' on the speed, and hence also on the location at
which the thermometer is mounted, are disturdbing factors
for this investigation.
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Data and Analysis of Results of Level Flights for the Determinstion of
the Temperature Correction on the Thermometer Reading

Dynamic | Dynamic Standardl Temper- Temper—
velocity | pressure| altitude ature ature (dq b,
W g : H
Vq q in mm in ea in for Rematics
in ; §= Bgasl . dskeny
km/h EZ0 n on % from fig-
ure 2
300 433 370 5.8 By
298 428 400 5488 5.4
321 497 550 5.9 BleOF Airplane 1
350 5891 425 BeR 5159)
321 497 350 6.0 5.8
320 493 410 58 6.0 0.0083 11-24-33
280 378 375 5ol Sl
258 321 390 5qld 50 Thermometer
244 287 385 4.0 4.0 NZI
207 208 350 3.8 3.6
293 414 380 (G Do
259 324 1670 +8.2 - Airplane 2
281 271 1670 +7.7 -
21’7b 228 16786 +7 . 0.0096 10-1-34
1880 172 1670 +6.8 ~ Thermometer
167 136 1670 +6.3 = NZI
231 258 5075 -15.8 - Airplane 3
205 203 5070 -16.5 - 0, 0155
178 153 5080 -17.3 - Flight I 4= 5=35
140 94.5
149 97.5/ l 3595 S
174 146 3590 -8.11 =
-7.8
234 264 8535 -6,0 - 0.0145 Thermometer
NZI
256.5 318 i % 4
2555 315 o 9P Flight II
140 94,5 5080 -17.8 -
160 124 5078 -17.3 -
178 155}) 5075 ~16.9 " 0.0143 Airplane 3
179 [ 155
219 251 5070 -15.8 - Flight IV

For a and

v, see footnoteg,

AR e
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Data and Anclysis of Results of Level Flights for the Determination of
the Temperature Correction on the Thermometer Reading (Continued)

Dynamic | Dynamic | Standard | Temper- | Tempor- /88,
velocity ! pressure | altitude | ature ature \dq EL
. : ; 9 ; :
;3 qQ in mm in ea in Hfirsso tﬂkﬁ? Remarks
km/h H,0 m og® n? ?igg él°~
140 94 3605 ~8.9 4
164D 131 3625 -8.0 o 0.0125 5=B8-35
1950 184 3605 7.8 - Thermometer
250 304 3635 568 - Flight v NZ1
142 97P 2590 -4.8 - —T
179 155 2590 sl #
2170b 229 2560 i 2 " 0.0105
2390 278 2590 il -
254D 313 2540 2.7 " Flight VI
353 600 3210 | -7.6 - Airplane 4
320 492P 3210 -9.0 -
3010 438 3200 | -9.9 -
2640 337 3185 -9.9 - 0.00965 1-19-38
246 2910 3215 | =10.9 Thermometer
221b 2360 2218 | «11.5 NZII
1780 153 3205 | -12.2
356 610 1005 3.5 %
3360 545 1000 3.0 %
7070 455 1000 2.4 - 0.00675
260° 327 995 1.5° -
228 2500 970 .9

aCorrected for instrumental error.

Ibnly measurements of 11-24-33 were corrected to the same altitude.
For the other measurements this was not necessary, since they were
carried out at approximately equal altitude.

it is assumed

%§.= - 0.0065.

In this correction,
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Figure 1.- Distance thermometer.
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Fig. 2a. Instrumentally corrected thermometer

reading as function of dynamic pressurs.
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