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APPLICATION OF THE HOT WIRE
ANEMOMETER TO TEMPERATURE MEASUREMENT
IN TRANSIENT GAS FLOWS
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Abstract—The application of the hot wire anemometer to the measurement of temperature in transient

gas flows is developed and demonstrated. Corrections for temperature dependent gas properties and heat

foss to the hot wire supports are discussed and incorporated in the analysis. Design criteria are developed

to minimize errors and allow static calibration of the wires. Operational characteristics of the anemometer

are considered, and an error analysis demonstrates main areas of improvement. Sample data traces and

reduced data for expansions of dry argon and water saturated argon in a Wilson cloud chamber are
provided.

NOMENCLATURE
A, hot wire sensor cross section;

o, amplification of the bridge amplifier
(see discussion, Appendix A);

D, hot wire sensor diameter;

h;, convective heat-transfer coefficient;

I, electric current through sensor;

14,15, Ip, influence coefficients defined in text;

k, gas thermal conductivity;

k,, thermal conductivity of sensor material;

1, length of sensor;

I, cold length defined in text;

Nu;, Nusselt number based on film temperature
-equal hD/k;

D, pressure;

P, electrical power supplied to sensor equal to

heat transferred to ambient gas;
#,,  reduced power ratio defined in text;
R, resistance of sensor at temperature T';
R,,  gas constant;

Ry,  resistance of the sensor at temperature Tp;
S, sensor surface area;

T;, film or average temperature (T+ T,)/2;

T, temperature of sensor wire where i refers to

sensor 4 or B;

To, a reference temperature here taken to be the
initial temperature;

T,, ambient gas temperature;

U, gas velocity;

Vv, anemometer output voltage;

the amplified bridge unbalance voltage

which is termed the reference voltage;

Greek symbols

s temperature coefficient of resistance of
sensor i;
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7, ratio of specific heats;

AR?®, the apparent sensor resistance increment
which is set by the control resistance decade
designated as R, in Fig. 1;

AR$®, the correction to the sensor resistance owing
to the unbalance of the bridge;

AT, = T{P—T,, where i refers to the iteration;

AT, = TP — Ty, where i refers to the iteration;

ATY, = Ty— TS where i refers to the iteration;

& relative error of a given parameter;

0, temperature difference between sensor and
gas, T—T,;

Uy,  dynamic viscosity at the film temperature;

D gas density at the film temperature;

o, specific resistance of sensor material.

Subscripts

fi, refers to the film temperature defined in the
test of sensor i;

i, refers to sensor A4 or B;

is, refers to values obtained by the isentropic
relationship;

0, refers to the initial temperature.

1. INTRODUCTION

IN A PREVIOUS study [1], the method of Laplace was
used to facilitate the experimental determination of
homogeneous nucleation rates. That analysis indicated
the desirability of obtaining time-resolved measure-
ments of temperature in the supersaturated, expanding
gas of a Wilson cloud chamber. While the isentropic
law has been employed in the past to obtain tempera-
ture from instantaneous pressure measurements [2, 3],
its use during the nucleation event is questionable.
Thus, the need remains for a temperature sensing tech-
nique which is applicable when departures from isen-
tropic flows are prominent. In particular, during
nucleation when transport phenomena guarantee non-
isentropic behavior the need for a precise measurement
of temperature is of paramount importance. This study
develops a technique for applying hot wire anemometry
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to temperature measurement in the supersaturated,
expanding gas of the Wilson cloud chamber. The
results may be applicable to a variety of other
experiments.

When temperature measurements are made in tran-
sient phenomena, the measuring element is normally
a thermocouple or resistance wire constructed small
enough so that it lags the true environmental tem-
perature by some acceptably small increment. This type
measurement is useless in supersaturated gases, as con-
densation may occur on the sensor and the associated
latent heat release causes the sensor to indicate an
incorrect temperature.

Of potential application to this problem is the con-
ventional hot wire anemometer, whereby the sensor is
maintained at some constant temperature above the
test gas dew point. Since the sensor does not follow
the actual environmental temperature, the total heat
transfer from the wire is the measured parameter. If a
single hot wire sensor is used, an accurate temperature
resolution would demand a precise knowledge of heat-
transfer laws, the properties of the ambient fluid, and
wire properties. In steady state flows such as exist in
wind tunnels, these extensive requirements are circum-
vented by calibration of the wire at known conditions.
In transient expansions, the conventional calibration
techniques are inapplicable. The transient experiment
in principle becomes more tractable if two hot wire
sensors are operated at different temperatures. The heat
transfer of each is related to the temperature difference
between the respective wire and the ambient gas tem-
perature which is then determined.

2. THE HOT WIRE TECHNIQUE

Figure 1 presents a schematic diagram of a typical
anemometer unit that is designed to function in the
constant temperature mode. The role of the amplifier
is to maintain a nearly zero voltage difference between
points 4 and C on the bridge despite variations of the
cooling rates of the sensing wire that is located between
terminals 4 and D. If the wire resistance is set at the

Ry=40Q

(<

Fi1G. 1. Constant temperature anemometer bridge with
amplifier.

value R corresponding to the temperature T, any drop
in sensor temperature results in a voltage unbalance
between A and C. The amplifier then increases the
bridge output voltage V that is measured between B
and D, thereby passing more current through both legs
of the bridge and heating the sensor to its former
resistance value.
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Elementary circuit theory gives the power P supplied
to the heated wire as

RV?
P=e
(R+R.+Rj3)
where R is the pre-set sensor resistance, R, is the cable
plus sensor support resistance, and Rj is the resistance
between terminals A and B of the bridge. This electrical

power provides the heat transfer from the hot wire to
the gas which may be expressed as

P = hS(T—-T,). 2)

Y]

If two sensors are used and their temperatures are
designated as T, and Tp then we may write

Py =hS{T—T.) &)

where i = A, B. Accordingly we find the dimensionless
temperature ratio is

Ts—Ts
T =2, @
T.—T,
with
_PshyS,4
T PA hB SB
and
RV .
i=A,B.

Pi=0rn—r——,
(Ri+R.i+R3)?

In practice the sensor temperatures are measured with
respect to the well established initial temperature Tg.
We define the temperature differences AT, = T, — Tg,
ATy = T3~ Ty, AT, = Ty —T,, and equation (4) is then
expressed as

ATm+ATB_ 5
AT +AT, ' (
or
1 P
AT, = —— AT,
o %_IATB 71 T, (6)

Thus, if the ratio h,S,/hgSp is known, the measure-
ment of the output voltages V; and the knowledge of
the various resistances yields 2, and, with ATy and
AT, known, the value of AT, is found from equation (6).
An iterative procedure is used, as described below, to
determine AT,, in order to incorporate several correc-
tions which depend on the magnitudes of the initially
unknown convective heat-transfer coefficients h; and
the unknown temperature T,,.

The area ratio Sp/S, is determined by a test in
which both wires are run at precisely the same tem-
perature. In this case since hy = hg and T, = Ty we
find from equation (4) that

Sq4_Pa

Se Ps
In setting T, = Ty it is usually necessary to include the
small correction for the bridge imbalance that is dis-
cussed below. This equal overheat test was performed
during a cloud chamber expansion as a check on the
performance of the system under dynamic conditions.
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The sensors will be maintained by the anemometer
bridge circuit at nearly constant resistances which are
related to their respective temperatures by

R; = Roi[ 1+ (T, Tp)] Y

where i = A and B. The feedback circuit operates by
sensing a finite bridge imbalance. The result of the
presence of the imbalance is that the sensor resistances
and temperatures are actually higher than the values
indicated by the anemometer units. Circuit theory (se¢
Appendix A) leads to the resistance correction

Veet (Roi+ AR+ R+ R3)
AR = —-—1 . (8
(V > iR ®
The true sensor resistance may be calculated by
R; = Roi+ AR+ AR{™. )]

The quantity AR?® is the resistance increment that is
added by increasing the variable R; above the zero
overheat value. The first estimate of temperature is
found by setting AR?® for sensors A and B, then deter-
mining AR{* and R; from equations (8) and (9). For
this first iteration we assume h, = hy and that heat
conduction along the sensors to the support wires can
be ignored. Thus we write

AT+ ATEY
ATZ“+AT(1) =" (10)
where
PpS 4
P = %, 11
P.S, (1

A. The correction for hg/hy # 1

Because the sensors temperatures are unequal the
convective heat-transfer coefficients are not identical.
The study of Collis and Williams [4] provides a basis
for the determination of hg/h, through the use of their
relationship for the heat transfer between fine wires
and a surrounding gas,

hD 0.17 0.45
hD _ (ﬂ) [0.24+0.56<@> ] (12)
k T Uy

Although this relationship was verified for experiments
with air its applicability for other gases. is herein
presumed. The influence of gas composition on con-
vective heat-transfer rate is through the properties
indicated in equation (12) plus an additional factor
equal to the Prandtl number raised to the 1/3 power.
For most all gases this additional correction is not
significant in the present context. For wires 4 and B
the ratio of convective heat-transfer coefficients there-
fore is given by

D 0.45
Loy ‘:0.24+0.56<——p v ) ]
hg _ (Tfa) ' w(Tys

— === : (13)
h D 0.45
4 \Tra [0.24+0.56( Py ) ]
#(TfA)
where
T+ T
f,'=—;:“—, l=A,B (14)

1053
and we have used
. krer(q%;)o.s‘t 15)
ie #m<%)o.ss 16)
and
p=P/R, TV, %))

Thus, we define the second iteration of the reduced
power as
h

4
952) = gil)_
hp

(13)
and find the second iteration of dimensionless tem-

perature given by

ATP +ATEY
ATP + ATV

and the corresponding revision to equation (6).

=7 19

B. The correction for heat conduction to the support wire

The correction due to heat conduction from the hot
wire to the support wire is based on a fin-type heat-
transfer analysis. The conduction correction here differs
somewhat from other treatments and their results [5, 6]
because in the steady flows considered in most hot
wire work, the support wire temperature is equal to
the free stream gas temperature. The hot wire is treated
as a fin projecting from a support of known tempera-
ture, To, into a gas of known temperature, T,, and a
quasi-steady solution is employed (see Fig. 2). The

Tav /T(x)
o /
z !
Pt-Rh  HOT WIRE .
Tf--~-m-- 7 A
T
CONSTANTAN 0
SUPPORT WIRE i
oJ L4
0
o f — -% — y%

3a IDEALIZED HOT WIRE 3b TEMPERATURE PROFILES

ALONG HOT WIRE
F1G. 2. Temperature profile of hot wire sensor.

classical equation for fin cooling with an internal heat
source results

d%0 nDh e,
dx? k, A,  k,A,

where 8§ = T— T, is the local difference in temperature
between the wire and the free stream. The boundary
conditions are df/dx = Qat the center of the wire where
x=0,60,=To—T, at x = +1/2 where | is the wire
length and T; is the support temperature which equals
the initial test gas temperature. In the analysis, o, h
and k,, are all taken as constants.

Since the resistance of the wire is held nearly constant
by the anemometer unit, the average wire temperature
and hence (B...+T,) is a pre-set constant provided
the wire resistance is a linear function of temperature.

0+ 0 (20)
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The solution to equation (20) with the prescribed
boundary conditions for the average wire temperature
is

Bae = (60 - {g) fli tanh ;:—% % 21
where the cold length is defined by
K, A2 D K, \'?
=) ) @

For the long sensors used in this study the ratio I/l » 1
and tanh{l/l.} = 1. Therefore, for each wire we write

I l P
=T 14%) - () (= 2
r=Tu1+8) - n() - (5), @

where i = 4, B.
Accordingly,

I I
Tx.. B [ P Y
B,ave(1+ ,>B 0<I>B B PBhASA

= . (24
L I P4hgSp 24
Ty ave I+—) T —To{ ~
! { A I A
This expression can be recast as
3) (2)
ALR+ATSY o) (29)
AT+ AT
where
AT® = (AT (L + /D, (26)

The quantity AT;*? given by equation (26) is equal to
the average sensor temperature minus the initial tem-
perature Ty. Thus equation (25) will reduce to equation
(19) for the second iteration AT when the cold length
correction is negligible. For our results the correction
for conduction effects is usually small because the
sensor wires are relatively long. It should be noted that
the cold length correction vanishes when both wires
are run at identical temperatures to establish Sg/S, if
their lengths are the same.

The lengths of the sensor wires were calculated from
the measured resistances and the specific resistance o,,
at the measured temperature. The physical constants
of the wire that were used in calculating I /I were
k, =30W/m?Kando, = 21.1 x 10" 8Qm at 273.2K

(71
3. PROBE CONSTRUCTION AND USE

The dual sensor probe assembly is designed in such
a way that both sensors lie in a plane that is per-
pendicular to the oncoming flow with their centers
10mm apart. Each sensor wire was made of platinum
(90%)-rhodium (10%,) Wollaston wire of 5um dia. The
sensors were at least 6 mm in length to reduce the error
due to heat conduction to the supports. The influence
of the thermal boundary layer of the supports was
minimized by mounting the sensors on the upstream
side of the support. The sensors were mounted with
as little bowing as possible and the flow velocity was
small enough so that the strain-gauge effect from aero-
dynamic drag on the wire should be negligible [6].
For the tests described below, the hot wires were
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positioned midway between the center of the chamber
and the walls. In this manner, the wires were kept free
of the thermal boundary layer at the wall and the
wake shed by the centerline electrode. Temperature
of the wire is accurately set by adjusting a variable
decade control resistance R; on the opposite leg of the
anemometer bridge.

The probe support wires were made of 0.40 mm dia
constantan wire and were electrically isolated from
each other. Constantan was used because of its low
temperature coefficient of resistance. This was im-
portant as the entire probe was placed in a capsule and
immersed in well-stirred bath of precisely controlled
temperature for determination of z; for each sensor.
During calibration the probe support wires have a
temperature equal to the hot wire, while during the
actual test the support wires maintain the initial test
gas temperature because of their large thermal inertia.
Constantan has a negligible change in resistance over
the temperature range involved and this prevents an
error in the measurement of «; owing to a variation of
the resistance of the support wires.

The constant current mode of the anemometer unit
is employed to find sensor resistance as a function of
temperature. The resistance of the sensor at the con-
trolled bath temperature is measured by passing a low
current through the anemometer bridge and balancing
the bridge with a variable decade resistance. The bath
temperature was measured with a thermometer whose
accuracy of +0.1 K was checked against thermometers
calibrated at the National Bureau of Standards.

4, INSTRUMENTATION AND OPERATION

The cloud chamber used in this work has been
described elsewhere [8]. Fig. 3 shows a schematic of
the cloud chamber, and Fig. 4 is a schematic diagram
of the data acquisition system. The hot wire unit
included a Thermo-Systems, Inc., Model 1051-2 power
supply, two Model 1053B utility anemometers, and
two Model 1056 variable decade control resistances.
Since these anemometers employ a 5:1 bridge ratio,
300Q precision resistors were added in series to ecach
decade module. This modification allowed work with
long hot wires which typically had resistances in excess
of 792, Each output lead from the anemometers passed
through a battery powered offset circuit before passing
to a high gain amplifier. Ini this way zero suppression
was achieved without surpassing the linearity limits of
the galvanometers in the recording oscillograph
(Consolidated Electrodynamics Corp. Model 5-124A).

Anemometer output voltages were calibrated against
a Hewlett—Packard 34701A digital DC voltmeter and
a mating 34740A display with a rated accuracy of +
(0.06%, of reading +0.02% of range). Pressure was
measured by a diaphragm type sensor (CEC Type
4-313) whose movement is sensed by an unbonded,
temperature-compensated strain gauge. The time re-
sponse is faster than 5ms. The pressure transducer
was calibrated against a Wallace-Tiernan FA-135-173
mercurial barometer with a rated accuracy of 0.033%
of full scale range. Ultra high purity argon was used
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as the test gas. Initial temperature of the chamber was
measured by establishing the resistance of the two hot
wires prior to setting the overheat. A calibrated thermo-
couple in the test section was used to verify these
readings. Piston velocities typically were of the order
of 6my/s, and the pressure decreased 40kPa from an
initial value near 100kPa in less than 0.2s.

MANOMETER
HOT WIRES
PISTON
TEST BACK UP
/
ELECTROGE CHAMBER CHAMBER jl‘
WINDOWS
(TRANSMISSION
TEST) PRESSURE
TRANSDUCER

FiG. 3. Schematic diagram of expansion chamber.

ANEMOMETER AND
POWER SUF’PLY/

DC
HOT WIRE OFF SET GALVONOMETER
O LIGHT BEAM
HIGH GAIN ¥
HOT WIRE DC AMPLIFIER N
bC
PHOTOMULTIPLIER ~ OFF SET
OPERATIONAL AMPLIFIER
PHOTOMULTIPLIER

BRIDGE CIRCUIT

DISPLACEMENT TRANSDUCER

PHOTOSENSITIVE
OSCILLOGRAPH
CHART

PRESSURE TRANSDUCER HIGH GAIN

DC AMPLIFIER

F1G. 4. Data acquisition system.

The most sensitive measurements were those of
anemometer voltage, and CEC Model 7-317 galvan-
ometers were installed for adequate time response. A
square wave generator was used to optimize the
anemometer time response through adjustment of the
amplifier reference voltage. Bridge. stability was
achieved through a matching of coaxial cables between
the anemometer and control resistance against the
supply cables from the anemometers to the hot wires.
Further improvements here would be possible by the
installation of variable inductors between the control
decades and the anemometers. Proper inductive match-
ing is more critical than capacitative optimization of
the bridge [9]. The time response characteristics are
diagnosed by subjecting the anemometer control resist-
ance to a square wave signal and observing the
anemometer output on an oscilloscope. These tests
showed that the time response of the anemometers with
the final cable configuration necessary for stable
operation was about 0.2 ms.
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5. ERROR ANALYSIS

The limitations of this dual wire technique are made
evident by an error analysis of equation (6). We assume
for simplicity that experimental errors in wire voltages,
temperature settings, and temperature dependence of
the convective heat-transfer coefficient are uncorre-
lated. In the analysis, the parameter AT, is written as

a function of parameters xy, Xz, ..., X,
AT, = Ty—T, = y(x4, X2, .- (27)

The uncertainty of AT, is then a geometric sum of the
uncertainties of the uncorrelated parameters of form

vy Xp)-

dr,= Y 14 @9
i=1

where ¢ = Ax;/x; and I; = x,(8y/0x;)/y. Thus g is the

relative error of a given parameter x;, and I; is the

corresponding influence coefficient. Applying this pro-

cedure to the basic relation equation (6) yields the

following

2
EAT, = A&+ 13eh+ 1362

(29
where &4, ¢g and ¢p are the relative errors of the
quantities ATy, ATz and 2, and the influence coef-
ficients are given by

= ———

(30)

and

1 AT,
P.—1 ATy )
P.AT,

In our recent testing we have found the values AT, ~
10K and AT =~ 35K to be advantageous.

Ip=— (32)

6. SAMPLE DATA

Figure 5 is a tracing of a test chart for the expansion
of dry argon. The traces for the anemometer bridge
output voltages and the pressure transducer are noted.
The smooth behavior of the anemometer voltages is
notable as an indicator of laminar flow in the interior
of the chamber during this early period of the expan-
sion. Table 1 shows the temperature found from the
hot wire method as (T — T.o)ops compared with the
value of this quantity derived independently from the
observations of pressure and the use of the isentropic
relationship to give

(To—To)is = To[1—(p/poy' ™). (33)

The pressures p are the measured values, 7 is taken as
1.667 for argon and the subscript O refers to the con-
ditions at the beginning of the run. The predicted un-
certainty ear, is larger than the observed value.
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Table 1. Data for expansion of dry argon

(Tb_Tao)is (TO’Too)obrs
t(ms) p(kPa) (K) (K) (ear, Jobs (ear,) pred
50 96.9 8.1 7.3 0.099 0.195
60 924 13.6 11.6 0.074 0.139
70 88.4 18.5 170 0.081 0.112
80 83.6 247 23.6 0.044 0.097

To =2975K; T, = 316.5-316.0K; P, = 103.9kPa; Tz = 332.8-332.5K.

Notes:

L. (Bare)prea X [Z1762]"/* with &, = 0.01 and uncertainties in AT, and AT, = 04K.
2. (EATm)ObS = [(ATuo)obsﬁ_ (ATw)is]/(ATco)is'

HOT WIRE B

PRESSURE

HOT WIRE A

1 i’n t 1 1 [
50 60 70 80 90 100

t (MS) —

F1G. 5. Data trace for expansion of pure argon.

L | t ' 1
50 60 70 80 90 100
t (MS)—

Table 2. Data for expansion of
water-saturated argon
(final droplet concentration is
0.11x10*12m™3)

t(ms) T.(K) p(kPa)
57.5 2711 82.0
60.0 269.0 80.7
62.5 267.2 79.6
65.0 266.9 78.7
67.5 266.3 71.7
70.0 268.7 77.2
72.5 269.7 76.8

To = 2983K; Py = 104.7kPa;
T,=3168t0316.7K; Tz =333.2K.

HOT WIRE A

OPTICAL TRANSMISSION (1.02 )

PISTON POSITION

T OPTICAL TRANSMISSION (.656 1)

T————— PRESSURE

HOT WIRE B

FiG. 6. Data trace for expansion of mixture of water vapor and argon.

Figure 6 is the test trace for argon initially saturated
with water vapor. In addition to anemometer voltages
and pressure, two optical signals and a piston dis-
placement signal are displayed. The pressures and tem-
peratures derived from Fig. 6 are presented in Table 2.
A temperature minimum is reached at t ~ 67.5ms, and
the pressure trace changes slope between 650 and
67.5ms. These effects are due to the evolution of latent

heat by the growing droplets. The temperature
extremum, pressure slope change, and optical trans-
mission change are all associated with a finite duration
nucleation pulse. The rapid oscillations of the signals
from the sensors during and subsequent to the
nucleation pulse probably caused by the impingment
on the sensor of the droplets which are warmer than
the vapor—gas mixture. These measurements have im-
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portant implications on the diagnosis of the particle
production and growth rates associated with
nucleation.

7. CONCLUSION

The application of a dual hot wire temperature
sensing technique to transient, supersaturated gas flows
has been demonstrated. Cloud chamber temperatures
for the first time can be measured during the nucleation
process. The technique is useful in observation of
temperature during the nucleation pulse itself, in
studies of droplet growth subsequent to nucleation,
and in quantitative observations of deviations from
ideality of supersaturated gases in a manner previously
impossible. The latter is important not only for further
developments in virial equations of state but also as
experimental input to the theory of clustering prior to
nucleation.
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APPENDIX A
Resistance Correction Due to Input Bias Voltage
In Part 2 it was noted that the function of the amplifier
is to maintain a nearly zero voltage difference between
points A and C of the bridge circuit shown in Fig. 1. However,
the feedback circuit employs a small voltage difference
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(V.i/ &) between points 4 and C against which the bridge
imbalance is to be sensed and corrected. Therefore, the
bridge in the run mode is actually always unbalanced by
a small voltage which causes a slight deviation of wire
resistance from the perfectly balanced condition. This devi-
ation is designated as AR®”. Since the arms of the bridge
circuit serve as two voltage dividers (see Fig. 1) it follows
that the output voltage V is given by

R
V=.;21< 4 R;
Ri+Rs, R+R.+R;

>V+ Ve (A1)

where

R = Ro+AR?®* + AR

Ry = 5(Ro+AR™ +R)).
Thus Ry is the cold resistance of the sensor as measured
in the “standby” mode, Ro+AR® is the nominal hot

resistance of the sensor in the “run” mode and R = R+
AR®®+ AR is the actual resistance of the sensor in the

- “run” mode.

Inserting the above values of R and R, into equation
(A.1) and simplifying the result by noting that AR*™ « Ry +
AR*+R,, we find the correction to the sensor resistance
owing to bridge imbalance as

ARSS — <E‘f - 1) (Ro+AR™+R.+ R3)
/R '

(A2

Thus AR®** - 0 as &/ — 0.

The amplification .o can be determined by a series of
tests in which the output voltage is observed while the
sensor overheat is increased. From equations (1) and (3) we
find, for each anemometer unit,

14 hS\72
: ={= A3
R—Ro (R+R.+Ry)* | <a> 43
Ro R

where the sensor resistance R includes the proper correction
owing to the bridge imbalance AR®* calculated from
equation (A.2). Since hS/x is constant for low overheats, the
left side of equation (A.3) will be constant for various values
of AR if R is calculated with the proper amplification. A
rapidly-converging trial and error procedure was used to
calculate o assuming its initial value to be 107, The tests
to evaluate o were conducted at low power levels wherein
the sensor was cooled only by natural convection and at
higher power levels in a small calibration wind tunnel which
duplicated the velocity range achieved in the test chamber.
In both cases the same values of amplification, 8800 and
10200 with V¢ = 9.0V, were obtained for the two anem-
ometer units that we employed. If a high overheat is used
in the tests to determine amplification then the right side of
equation (A.3) will vary because of the indirect dependence
of h on film temperature. Potentially this dependence can
be investigated by systematic tests at high values of overheat.

Once the amplification has been measured, the value of
AR can be calculated from equation (A.2) for a prescribed
cold resistance R,, overheat resistance AR®P, reference
voltage V,., and bridge output voltage V.

APPLICATION DE L’ANEMOMETRE A FIL CHAUD A LA MESURE DE TEMPERATURE
DANS LES ECOULEMENTS GAZEUX INSTATIONNAIRES

Résumé—On décrit et utilise Papplication de 'anémométre 2 fil chaud pour la mesure de la température

dans les écoulements gazeux instationnaires. Dans cette analyse, on inclut et on discute les corrections

dues aux propriétés du gaz qui dépendent de la température et aussi aux pertes de chaleur par les

supports du fil. On définit des critéres pour minimiser les erreurs et on précise le calibrage statique des

fils. On considére les caractéristiques opérationnelles de ’anémométre et par une analyse des erreurs, on

determine leurs principales sources. On donne des résultats concernant les détentes de I'argon sec et de
I'argon saturé d’eau dans une chambre de Wilson.
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DIE ANWENDUNG DES HITZDRAHTANEMOMETERS ZUR TEMPERATURMESSUNG
IN INSTATIONAREN GASSTROMUNGEN

Zusammenfassung —Es wird die Anwendung des Hitzdrahtanemometers zur Temperaturmessung in
instationdren Gasstromungen beschrieben. Die Temperaturabhingigkeit der Stoffwerte des Gases und
die Wirmeverluste an den Hitzdrahtenden werden mit beriicksichtigt. Zur Minimisierung der Fehler
und zur Ermbglichung einer statischen Kalibrierung der Dréhte werden Auslegungskriterien angegeben.
Es wird auf die Betriebscharakteristik des Anemometers eingegangen. Mit Hilfe einer Fehlerrechnung
werden die wichtigsten Verbesserungsmoglichkeiten aufgezeigt. Fiir die Expansion von trockenem
Argon und von mit Wasser gesittigtem Argon in einer Wilsonschen Nebelkammer werden Versuchs-
aufzeichnungen und reduzierte Daten angegeben.

WU3MEPEHUE TEMIIEPATYPbl HECTALIMOHAPHBIX ITOTOKOB
TA3A C TIOMOHIBIO ITPOBOJIOYHOI'O TEPMOAHEMOMETPA

Annoraiua — Pa3paGoTaH u onucaH cnoco6 M3MEpeHUs TEMIEPaTyphl B HEYCTaHOBHMBIUKXCSA NOTO-
KaX rasa C IOMOWUIBbIO TPOBOJIOYHOro TepMoaHeMomerpa. O6cyxaaloTes NONpaBkd, BBOOAMBIE Ha
3ABHCALLME OT TEMIEPATypbl (M3HYECKHE CBOMCTBA ra3a M YTEYKH Temla 4epe3 AepXaBkH. Pas-
paboTanbl pacueTHbIE KPHMTEPHHM, IO3BONAIOLIME MHHHMH3HPOBaTh OWIMOKA W NPOBOAMTL CTaTH-
YeCcKylo XKanuGpoBKY NMpPOBOJIOYEK aHeMOMETpa. PaccMaTpHBarOTCH pabovde XapaKTepHCTHKH Tep-
moaHemoMeTpa. IlpoBeeHHbIH aHaMN3 OLIHOOK yKa3bIBAa€T IYTH COBEPLUECHCTBOBAHMA INMPEIUIOKEH-
HOro Metogja. Ilposedenbl H3MePEHMsl MPOLIECCA PACLUMPEHHA CYXOFO H HACBHIIIEHHOIO BOJSHBIM
ApOM aproHa B Kamepe BubcoHa.



