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TEMPERATURE COMPENSATION OF THE MEAN VELOCITY

HOT-WIRE ANEMOMETER FOR SLOW SUBSONIC FLOWS

TECHNIQUE USED AT COLORADO STATE UNIVERSITY
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Temperature compensation of the mean velocity hot-wire anemometer for slow
subsonic flows:

Using the circuit shown in Fig. 1, for the hot-wire anemometer, the
power loss 12Rw of a heated wire due to the combined effects of radiation
axial conduction and forced convection can be determined. This power loss
and the subsequent behaviour of the hot-wire anemometer, for slow subsonic

flows, is governed by King's Equation

R, = (A + B~u) (R - R). (1)

At this time it is instructive to note that King's law is only a very
special case of hot-wire sensitivity. The 0.5-power dependence of the bower
loss Isz (or the Ifusslet number Iu) on the velocity (or Reynolds number Re),
as indicated by King's Eguation, is well established in slow subsonic
continuum flow; but heat-transfer data indicates that this correlation does.
not hold for an asppreciable range of velocity (see, ref. 1).

Thus the temperature compensation technique outlined in this note is

valid only for slow subsonic flows, (Kn = L = Mean free path of gas
' Dw Wire diameter

< 0.00L, M = U = Velocity of gas < 0.3).
c Sonic Velocity

In the range of validity of King's Law the normal mode of operation,
where ta is relatively constant, requires that the current I be adjusted
80 that R, remains constant. For this case a plot of Isz = f(=/u) will give
a straight line, as can be seen from Equation 1. If ta and thus Ra is not
constant, the power loss Ith for a given air velocity will no longer be
a unique value for any particular wire. Fig. 2, shows the effect of ta
in more detail, being a plot of Isz = f(+/u) for different ambient eir
temperatures ta’ with RW being kept constent. In this case, the normal
method of operation of the anemometer has to be modified to compensate for
ta'

The compensation procedure consists of varying RTC in Fig. 1, manueally,
in such a way that the guantity 1254 is a constant for a given velocity for
any value of ta° If A and B are assumed independent of temperature, it

follows from Equation 1, that the difference (Ilw- Ra) must be kept constant.



The quantities Rw and Ra can be written as
' R, Ro(l + OtAtw)

"

and
R, = Ro(l- +GaAta)
where
Amw = tw-to and Ama = ta-to.
Then

R, - RaL _ R (%, -t ) . (2)

If ta changes by an amount Ama, then Ra will change by ARa, and
Rw - (Ra + ARa) = Roa(tW - [ta + ATa] Y, (3)
and subtracting Equation (2) from Equation (3),
AR = ROAT . (%)
a o a

To cause this change in Rw the resistance RTC must be given the value

ARTC - Rorba a’ (5)

where Ty is the bridge ratio. Thus, if, for a change in ta of Ama, RTC
is changed by the amount ABTC given by Equation (5), then the value of

IZRw determined from the anemometer will be the same for a given velocity
for any temperature; and thus the curve IZRw = f(—/ﬁ), determined for any
ta, can be used for any other value of tg
Farle (2) experimentally verified the compensation procedure given
above. This experimental verification was necessary because: (1) the
quantities A and B are functions of the air temperature, but the megnitude
of their variation with temperature is unknown; (2) the value of the quantity
@ is not known with sufficient accuracy; and (3) the power loss Isz varies
in a complicated nonlinear manner with air and wire temperatures (see ref. 1).
Earle's experimental procedure consisted simply of determining
standard velocity calibration curves for different values of ta, using
different values of & until for some & a set of curves for different

temperatures was found to coincide. Using this procedure, the best value of



O was determined to be 0.00189/°F for platinum wire. Fig. 3 is a typical plot
of 12Rw = f(—/ﬁ) using the above value of @ and the compensation procedure
outlined above.

When measurements are to be made in air having a temperature gradient,
then, the first step is to calibrate the hot-wire at room temperature, tai’
and plot the 12Rw = £(=/u) curve, where R,.= Iy Ry, - Ry, which should give a
straight line.

Then, to be able to apply Equation (5), one must know the following:
Q= OF90189/OF (determined experimentally for 0.001" platinum wire).

(¢ s e
Ty —'ﬁg, by definition
AT =t - t_., which is determined by measurement
a a ai
and R ’
o

To determine Ro’ first determine Rw as before, using three or four
values of I, where I << Ii (the smaller the better). Then plot the curve
12 = f(Rw). The intersection of the curve with the line I2 = O gives the

value of RWT'when the wire is at room temperature, or tw = tai' Then,
from
R =R [+t -t ?
WIT o Q{ W °1’
we get
N
R = (6)
[l +a(t .-t )}
ali "o
RWT Rc
Thus, MRne = 7 17 ST - (té-tai)(0.00189) (7)
[ ai oﬂ Rb

If, as is frequently the case, the temperature in the tunnel, or
other test area, is not equal to tai’ then the current at which the bridge

is to be balanced is no longer Ii’ but some corrected value Ii. Since



2 - T2
IiRWi-ItRWi

where
Ry = By [1+ 0 (ty, - ;)]
and
Rae = B [l + Oty - to)]
=Ro[1+a (tw1- to) +°‘M.h] ,
we have

o)
N
[

2 l+a(tw1-t0)
=y l+a(tWi-to)+aAiQd

3 a AT, o® (8%3* ]

= 12 l + ; 2 “™ o 0o
1+ O‘(t‘nii't<>)

i | 1+ a(tWi-to)
or, since ddpw K1+ (b, - t.)

3 aAT
I2_ =121 1 S }

t lL ’1+a(tw1-to)
But

Ry = Ro[l i a(tw - to)] and A% = A".Pa
K a(tm il to) - (ﬁfi'l"— i l)'

0

R
2 _ 12 - o
It—Ii[l aATa. ]

Ji

r |
I, = Ii\/E -a R; A'.pa.} (8)

Thus

or,




Thus, when the bridge is to be balanced in the tunnel the current
should be set at It and RTC should be set at the appropriate value, as
determined from Equation (7). Thereafter, for any change in temperature
dl‘a, using Equation (7) determine the correct value for RTC' Then using
the original 12RW = f(~/u)curve the velocity can be found.
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LIST OF SYMEOLS

Definition

empirical constants in King's Equation.
current through the wire.

bridge ratio.
hot-wire resistance at operating temperature.

hot-wire resistance at to'
hot-wire resistance at ta.

hot-wire resistance at t =t ..
a ai

bridge resistances (see fig. 1).
lead resistances from the bridge to the hot-wire probe when it is
the calibration tank and tunnel respectively.

variable bridge resistance used for compensating for temperature
changes.

temperature of air surrounding the wire in °R.
temperature of wire in °R.
32°F.

mean velocity of air past hot-wire.

thermal coefficient of resistance --- 0.00189/°F, for 0.001"d.
platinum wire (as found experimentally).

change in Ra due to temperature change.
change in Rw,due to temperature change.

change in RTC due to temperature change.

L M L

values when bridge is initially balanced in the calibration tank.
values when bridge is initially balanced in the tunnel after

calibration.
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1. Circuit diagram of mean velocity hot-wire bridge, (basic circuit used
at Colorado State University Aerodynamics Laboratory.)

2. Effect of ambient air temperature on I®R f(ﬁ/ﬁ), for a constant RW.
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3. Effect of ambient air temperature on IZRw
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APPENDIX 3

A LIST OF MANUALS FURNISHED BY COLORADO STATE UNIVERSITY



Instrument Type Manufacturer Type of manual
Pre-amplifier 122 Tektronix Instrument Co. Instruction manual
S.W. Millikan Way

P. O. Box 500
Beaverton, Oregon
Water cooled WCM-210 Eaton Manufacturing Co. Instruction manual
Dynaspede Dynamatic Division
Kenosha, Wisconsin
Audio Oscillator | 200 J Hewlett-Packard Co. Operating and
275 Page Mill Road servicing manual
Palo-Alto, California
Oscilloscope S-12-C Waterman Products Co. Instruction manual
Rak-scope | Philadelphia 25, Pa.
Millivolt 8686 Leeds-Northrup Co. Directions
Potentiometer 4907 Stenton Ave.
Philadelphia 44, Pa.
DC pointer 2340 d Leeds-Northrup Co. Bulletin ED 2 (2)
Galvanometer 4907 Stenton Ave. 1960

Philadelphia 44, Pa.

Leeds-Northrup Co.
4907 Stenton Ave.
Philadelphia 44, Pa.

Conversion t~"1~s5
for thermocouples

Appendix 3 continued on next page.




Appendix 3 - cont'd

Instrument Type Manufacturer Type of manual
DC Milliammeter DP-9 General Electric Co. Instrument instruc-
tions GEJ-447J
Turbulence Hot ITHR Hubbard Instrument Co. Operating manual,
Wire Bridge Iowa City, Iowa State Univ. of Iowa,
Studies in Engineer-
ing, Bulletin 37
DC Power Supply 16 FL Scintillonics Instrument Co. Circuit schematics
Fort Collins, Colorado
DC Power Supply AB 128 Scintillonics Instrument Co. Description
Fort Collins, Colorado
Manometer 34 FB 2 Meriam Instrument Co. Bulletin G-14
10920 Madison Ave.
Cleveland, Ohio
Decade Resistor 1432 General Radio Co. Catalog pages
155 and 156
Gear Motor IR-SC Century Electric Co. Bulletin 4 - 1

St. Louis 3, Missouri

pages 1 and 2
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