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Temperature compensation of the mean velocity hot-wire anemometer for slow 
subsonic flo~: - -~ 

Using the circuit shown in Fig. 1, for the hot-wire anemometer, the 

power loss I 2
~ 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 

I 2
~ = (A + B -y'u) ( R - R ) • 

· W a 
(1) 

At this time it is instructive to note that King's law is only a very 

special case of bot-wire sensitivity. The 0.5-power dependence of the power 

loss I 2 !\, (or the Husslet number n:u) on the velocity (or Reynolds number Re), 

as indicated by King's Equation, is well established in slow subsonic 

continuum flow; but heat-transfer data indicates that this correlation does 

not hold for an appreciable range of velocity (see , ref. 1). 
Thus the t emperature compensation technique outlined in this note is 

vaJ.id only for slow subsonic flows, (Kn=~ 
n 

< 0.001, M = U 
c 

= Velocity ··of gas < O .3). 
Sonic Velocity 

w 

= Mean free path of gas 
Wire diameter 

In the range of val.idi ty of King's Law the normal mode of operation, 

where t is relatively constant , r equires that the current I be adjusted 
a 

1 

so that I\[ remains constant. For this case a plot of I 2 RW = f(-;/u) will give 

a straight line, as can be seen from Equation 1. If t and thus R is not 
a a 

constant, the power loss I 2 1w for a given air 

a unique value for any particular wire, Fig. 

in more detail, being a plot of I 2 Bw = f(-Ju) 

velocity will no longer be 

2, shows the effect oft a 
for different ambient air 

t emperatures t, with R being kept constant . In this case , the normal 
a W 

method of oper ::i.tion of t he anemometer has to be modified to compensate for 

t . 
a 

The compensation procedure consists of varying R.rc in Fig. 1, manually, 

in such a way that the quantity I 2
~ is a constant for a given velocity for 

any value of ta . If A and Bare assumed i ndependent of t emperature , it 

follows from Eq_uation 1 , that the difference (R W- Ra) must be kept constant . 



I 

I 
I 

The quantities ~ and Ra can be written as 

/ I\, = R
0

(1 + a6t w) 

and 

R = R (1 + 0'.6t ) 
a o '"" a 

where 

= t -t . a o 

Then 

~ - R R (tw - t )a. a= o a 

If t changes by an amount tfr ' then R will change a a a 

~- (R + ~) = Rlt(\1 a a 

and subtracting Equation (2) from Eq~ation (3), 

~ =Ra6T. 
a o a 

by~' a 

- [ta+ 

and 

6Ta] ), 

To cause this change in I\1- the resistance R.rc must be given the value 

{ ~C ~-Ror~aL4ra' I 
where rb is the bridge ratio. Thus , if, for a change in ta of 6Ta' R..rc 
is changed by the amount ~C given by Equation (5), then the value of 

I 2
\ 1 determined from the anemometer will be the same for a given velocity 

for any temperature; and thus the curve ! 2
\ 1 = f(-/u), determined for any 

ta' can be used for any other value of ta· 

Earle (2) experimentally verified the compensation procedure given 

above. This experimental verification was necessary because: (1) the 

quantities A and Bare functions of the air temperature , but the magnitude 

2, 

(2) 

(4) 

(5) 

of their variation with temperature is unknown; (2) the value of the quantity 

a is not known with sufficient accuracy; and (3) the power loss I 2 I\,
1 

varies 

in a complicated nonlinear manner with air and wire t emperatures (see ref. 1). 
Earle's experimental procedure consisted simply of determin;i.ng 

standard velocity calibration curves for different values oft, using 
a 

different values of a until for some a a set of curves for different 

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



I 
I 
I 

I 
I 3. 

a was determined to be o.00189/°F for platinum wire. Fig.; is a typical plot 

of I 2 RW = f(-/u) using the above value of a 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, t ., ai 
and plot the I 2 Rw = f(-vu) curve, where Rw _= rb R.rc - I\.c' which should give a 

straight line. 

Then, to be able to apply Equation (5), one must know the following: 

a= o.00189/°F (determined experimentally for 0.00111 platinum wire). 
R 

rb =~,by definition 

= t - t ., which is determined by measurement a ai 

and R 
0 

To determine R
0

, first determine RW as before, using three or four 

values of I, where I<< Ii (the smaller the better). Then plot_the curve 

I 2 = f(R ). The intersection of the curve with the line I 2 = 0 gives the w 
value of R when the wire is at room temperature, or t = tai· Then, 

WT W 
from 

R = R (1+°(\,- t J) WT 0 0 

we get 

1\,T 
R = 

[1 + e<(t .-t '] 
0 

ai o 

(6) 

[ .'llTC = [ 1 
Thus, 

I\,T (~) (t ·.-t . )(0.00189) + a(t .-t ~ a ai ai o 
(7) 

If, as is frequently the case, the temperature in the tunnel, or 

other test area, is not equal tot ., then the current at which the bridge ai 
is to be balanced is no longer Ii, but some corrected value It· Since 



4. 

I
2 

1 1wi = I
2 
t I\.1i 

where 

and 

!\it= Ro ( 1 + CY.(twt - to)] 

= R
0

[1 + a ("tw1 - t 0 ) + a ~'lw] , 
we have 

or, 

But 

[ 

1 + a( t.._1 - t ) ] r2 _ r2 -w o 
t - i 1 + a(tWi - t

0
) + 0'.6\/ 

[ 

O'. 6~ - a2 (.6T1~2 ] 
- I 2 1 ~ ~ 
- . i -: 1 + a(t.. .-t ) + 1 + a(t.. _ -t ) 2 ..... • • -wi o -w1 o 

since a~ << 1 + a (t.. __ - t ), 

w -wi o [ 06' 1 ] 

r2t = r2i 1 - 1 + a("tw1 - to) • 

Thus 

R_. = R [ 1 + O'.(t_. - t )] and ,6T_ = 6T -wi o -wi o --w .a. 

.".a(t,,i-to)=(~~ -1) .. 

or, 

12 t = I\ [ 1 - a L\'1'a ~i ] 

(8) 



Thus, when the bridge is to be balanced in the tunnel the current 

should be set at It and ~C should be set at the appropriate value, as 

determined from Equation (7). Thereafter, for any change in temperature 

Cira, using Equation (7) determine the correct value for R.:rc· Then using 

the original I 2 Rw = f(-y'1l)curve the velocity can be found. 

5. 
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Symbols: 

A, B 

I 

R 
0 

R 
a 

!\re 
t 

a 

u 

Ct 

~c 

b.t 
a 

.!\tw 

ffilw=ffila 

( )i 

( )t 

LIST OF SYMBOLS 

Definition · 

empirical constants :n King's Equation . 

current through the wire. 

bridge ratio. 

hot-wire resistance at operating temperature. 

hot-wire resistance at t . 
0 

hot-wire resistance at t 
a 

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

bridge resistances ( see fig. 1). 

6. 

lead resistances from the bridge to the hot-wire probe when it is 
the calibration tank and tunnel respectively. 

variable bridge r esistance used for compensating for temperature 
changes. 

temperature of air surrounding the wire in °R. 

t t f . . OR empera ure o wire in . 

mean velocity of air past hot-wire. 

thermal coefficient of resistance --- o.00189/°F, for O.OOl"d. 
platinum wire (as found experimentally). 

change in R due to temperature change. 
a 

change in Rw due to temperature change . 

change in ~C due to temperature change. 

t -t . a o 

= t - t .. a ai 

values when bridge is initially balanced in the calibration tank. 

values when br idge is initially balanced in the tunnel after 

calibration . 
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List of figures: 

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

2. Effect of ambient air temperature on I 2 R = f(--y'u), for a constant R. 
w w 

3. Effect of ambient air temperature on I 2 R = r<-vU:), for tR.rc = Rorba LYI'a. w 
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FIG. CIRCUIT DIAGRAM FOR MEAN VELOCITY HOT-WIRE ANEMOMETER 
( BASIC CIRCU IT USED AT CSU AERODYNAMICS LAB. ) 
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Instrument Type Manufacturer Type of manual 

Pre-amplifier 122 Tektronix Instrument Co. Instruction manual 
s.w. Millikan Way 
P. 0. Box 500 
Beaverton, Oregon 

Water cooled WCM-210 Eaton Manufacturing Co. Instruction manual 
Dynaspede Dynamatic Di vision 

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. Conversion t :-.',! -: s . 
4907 Stenton Ave. for thermocouples I 

Philadelphia ~A , Pa. 

1 

Appendix 3 continued on next p age. 
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Appendix 3 - cont'd 

I 
I 

I 
Instrument Type Manufacturer Type of manual . 

-- - -

DC Milliammeter DP-9 General Electric Co. Instrument instruc-
tions GEJ-447J 

Turbulence Hot IIHR 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 

I 
: 

' Manometer 34 FB 2 Meriam Instrument Co. Bulletin G-14 
109 20 Madison Ave. 
Cleve land, Ohio 

Decade Resistor 1432 General Radio Co. Catalog pages 

I 
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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