PROCEDURE FOR MEASURING TURBULENT VELOCITY
PULSATIONS IN NONISOTHERMAL STREAMS
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The optimum relations are found between the temperatures of the thermoanemometer filament
and the gas assuring the minimum error in measuring the pulsation characteristics of a flow.

As a rule, in the thermoanemometric determination of the pulsation characteristics of turbulent noniso-
thermal streams one uses the "method of three superheats," which allows one to isolate from the tofal signal
of the thermoanemometer probe the components connected only with pulsations in the velocity or temperature
[1]. In accordance with this method measurements are made at three different values (arbitrary in principle)
of the temperature Ty of the thermoanemometer filament for the determination of u' and T},. From the solu-
tion of the system of heat-balance equations for the filament corresponding to measurements at different values
of (AT) = (Tg — Tw) one can find the temperature and velocity pulsations and the correlation (u'T}). In this
case the accuracy of the determination of the pulsation characteristics depends on the values of (AT). At some
values of the filament superheats relative to the surrounding medium realized in experiments the measurement
error proves to be unacceptably large. In this connection the choice of the optimum modes of thermoanemom~
eter operation assuring the minimum measurement error is important. An analysis of the error in measure-
ments of velocity pulsations in nonisothermal gas streams by a constant-temperature thermoanemometer is
carried out below in application to the procedure developed in [2].

The intensity of the velocity pulsations is determined by the following relation [2]:
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We designate the relative rms errors of the quantities wi(e%), ky;, and kTi (i=1, 2, 3) as &g, £k, and
Ekp> respectively, and we assume that they are independent, In this case the relative rms error €y in the
measurement of velocity pulsations can be calculated in the following way [3]:
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Using Eq. (1), we obtain
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From Eq, (3) it is seen that the error &y depends on the relative errors Ekys €k, and ge, the ratios of
the coefficients of sensitivity @i, the ratio m of the temperature and velocity pulsations, and the correlation
coefficient R.

The error €k, can be calculated from the equation
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An analysis of test data on the dependences of the output voltage of a thermoanemometer on the velocity shows
that the quantity 1/ky+9ky/0u varies within the limits of 2.1072-107% sec/m upon variation of the velocity from 5
to 30 m/sec, respectively. Since the relative error in the measurement of the average velocity by a Pitot tube
in a turbulent stream is 0.1, we find that €k, < 5° 1072, On the basis of analogous estimates one can assume
that e < 5+1072, As for eg, it is determined by the class of accuracy of the instruments measuring the out-
put voltage of the thermoanemometer, When using apparatus of the DISA Co. the error &4 does not exceed
0.01, Some results of a calculation of the error by Eqs. (2)-(3) with variation of the quantities aj, m, and R in
the limits of 10 = g4= 100, 0.6 =@3=10, 0.5=¢;=3, 0.1 =m =1, and—1 =R =1 are presented in Fig, 1A
and B.

The calculations show that the error &, decreases with an increase in the maximum superheat of the fila-
ment and a decrease in the minimum superheat, In this case the maximum superheat has the greatest in-
fluence on &y (Fig. 1A). As for the intermediate and minimum superheats, their variation within certain (rather
broad) limits has a weak effect on the measurement error,

On this basis, when measuring the intensity of turbulent velocity pulsations with an error not exceeding
10-20% one must vary the temperature Ty of the thermoanemometer filament in the course of the experiment
so that the condition a3 = 1-1.,5 is satisfied at the maximum superheat, the condition 3 <@, < 7 is satisfied at
the intermediate superheat, and the condition a4 = 15-20 is satisfied at the minimum superheat,

It should be noted that the maximum superheat of the filament is limited above and depends on the fila-
ment material. For the platinum—rhodium detector of type 55A75 of the DISA company, e.g., the maximum
filament temperature mustnot exceed Tywp,qx=1100°K, and the indicated level of measurement accuracy canbe

reached with (Tg) = (500-600°K).

As for the minimum superheat, it is limited in value and depends on the sensitivity and stability of the
thermoanemometric apparatus. The condition a; ~ 15 is satisfied, e.g., if (Tg) ~ 500°K and Ty ~ 550°K. At
a filament superheat of 50° a modern thermoanemometric apparatus (such as an apparatus of DISA)
operates stably. It is desirable, however, that measurements corresponding to the minimum superheat be
conducted in the mode a resistance thermometer [4]. In this mode, as calibrations show, the condition ¢ =
30-50 is always satisfied.
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Fig. 1. Dependence of gy on ratios of coefficients of sen-
sivity @, and @, at different values of @5: a) dependence
£y@,) atay = 50; B) eyf@y) ata, =5; m=0.5;R=0; 1) ag=
0.5; 2) 15 3) 1,5; 4) 2; 5) 2,5,

The theoretical calculations of errors presented above agree well with the results of a statistical analysis
of the experimental data described in [5].

NOTATION
T is the temperature;
w, u ‘are the mean pulsation and components of velocity, respectively;
vy, v' are the mean and pulsation components of the output voltage of thermoanemometer;
ky, kT are the coefficients of sensitivity to velocity and temperature pulsations;
aj = kT ;/ky; are the ratio of coefficients of sensitivity;
A1(Tw), Bi(Ty),n=
0.4-0,5 are the empirical coefficients;
m = ("1"g2)1/2(u>/<Tg -
T, (u'gz)i/ 2 are the ratio of intensities of velocity and temperature pulsations;
R = (u'T'g}A/ (ngEW(T'g) are the corrglation coefficient; .
€ky» €kT» Ee» Eu are the relative rms errors for k,, kr, V(e'y, and\/(u'z).
Indices
g is the parameters of gas;
w is the filament;
% is surrounding medium,
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