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On the method of temperature compensation to the
out put voltage of a hot wire anemometer and
the calculation method of the direction
of air stream in low velocity.

by Kinichi KINOSHITA -

This’ paper deals with the method of compensatmg the out put voltage of a “hot w1re anemometer

for ﬂuctuatmg temperature, and the method of calculatmg the direction of air stream by usmg a dlgltal
computer.
Firstly, in rﬁeasuring accurately low air vel'ocity below 2m/sec, it is necessafy ‘to cnmpen'safe the
voltage of the- anemometer Therefore for this purpose, fluctuating air temperature must be rneasured
accurately and contmuously The most s1mp1est method to measure air temperature is to use the tungs-
ten wire of about 5u4m in dlameter which is generally used in a hot wire anemometer ‘because this
fine wire can be got easxly and its temperature coefficient on electrical resistance is comparatlvely
greater than other common metals. The prong of this sensor is made of manganine wire of 60,um andi
the step response to temperature of this sensor is estimated to be about 16Hz. .

The compensations equations written in eq. (8,20), (3, 23)are derived from the results that are obtained
by solv'i'rig eq. (3,8) under the following conditions ; 1) Diameter of hot wire of tungsten is 5.254m and
104m, 2) .Aspect ratio (L/d) of hot wire is'in range of 190~570,3) Fluctuating air temperature is in the
range of normal temperature and 60°C,4) The average heat temperatureof hot wire is the cases of 170,
200 and 230°C. And also the same eq. (3,24), (3,.25)as above eqations were derived from many experimental
data. Temperature compensation by the former equation gives good agreement with that by the latter
equations. The error of temperature compensation by using eq. (3, 26) is estimated at +0.161% to ‘the
out put voltage, and this accuracy is approximately sufficient in measuring low air velocity.

- Secoundly, - it is an .interesting problem to calculate the direction of air stream. In this paper,” the
niéthodlléf'calculation of two dimensional di'r'ection was ascertained empirically by using a x-type
probe, and the approximate equations to calculate the direction are obtained. But high aécuracy in
calculation can not expected with the reason which heat transfer from fine wire is inclined to' be

insensible to the direction of.air strearh in the very low air velocity.
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30 | 4.953|  12.78 —2.025] 240. 6/1. 41| 0.067| 0.491|| - . l Al | 4.953 4.953
.20 | 60 |5.150 13.81 —2.070| 239.6/1. 40| 0.113] 0.521¢ 1.000|¢ 1.000 |¢ 1.000 | 5.150] 5: 150
| 100 | 5.334] 14.82 —2.114) 238.7]1.40 0.156 0.546[ J 1l 5. 334 5.334
200 | 5.644  16.59) —2.188| 237.0[1.39 0.233| 0.583 5. 644 5. 644
0| 4.269 - 9.49 —1.993 232.11.36 0.033 0.421] — | 1.1357 4.549) 4.585
|| 30|4624 1114 —2.082 230.21.35 0.124) 0.489 = 1.146) 4.952| 4.966
EX.1| 40 | 60|4.807| 12.03 —2.129 229.81.34 0.172 0.519 1.144 1 1470|[ 1-1538| 5148 5.163
100 | 4.977) 12.90| —2.174| 228.5(1.34 0.218] 0.543 1.145 ) 5. 330, 5. 346
200 | 5.265| 14.43 —2.253 227.1[1.33| 0.299| 0.580| 1.150 5. 638| 5. 655
’ 04112 8.81 —2.021| 226.8]1.33| 0.061) 0.421] — | 1.2241 4.549; 4.597
30 | 4.450| 10.31) —2.110| 225.2[1. 82 0.153| 0.488 1.237, '4.955) 4.975
50 | 60 |4.625 1114 —2.158 224.31.32 0.202 0.518 1.236| ", [ 12500 5.150| 5171
: 100 | 4.787] 11.94| —2.205| 223.6[1. 32 0.249| 0.542 1.237 5. 331) 5. 352
1200 | 5.064 13.35] —2.280] 222.2[1. 31| 0.333| 0.578 1.243l 5. 640| 5. 661
0| 3.661 16.94 —3.571| 214.7/1.26] 1.644 0.796 \ 3. 661 3.661
30 | 4.219 22.50, —4.123| 208.61. 23 2.207 0.8281. 4.219)] 4.219
20 | 60| 4.487 ~ 25.46| —4.386] 206.41.21| 2.476| 0.840;; 1.000/f 1.000 |0 1.000 | 4 487| 4. 487
| 100 | 4732 28.30| —4.619) 204.7[1.20, 2.713 o.sso] ‘ 4.732) 4.732
200 | 5.135] 33.32] —5.024) 201.7]1.18] 3.126 0. 863 5.135| 5.135
0|3.440| 1496/ —3.752 207.011.22) 1.8280.794 — | 1.1336 3. 662 3.695
30 | 3.941 19.62 —4.281| 202.6]1.19| 2.368 0.826 1.144 4.221) 4.233
EX.2| 40 | 60 |4.188 22.20| —4.551 200.71.18 2.644 0.838 1.142 1 1476)( 11538 4 486] 4.498
100 | 4. 414] 24.62) —4.801] 199.11.17| 2.899| 0.847 1.143 4.728) 4.741
200 | 4.789| 29.00] —5.222| 196.81. 16| 3.328) 0.861| 1.151} 5.130| 5. 144
03318 13.92 —3.829| 203.81.20 1.907/ 0.794  — | 1.2204 3.665| 3.709
30 | 8.792| 18.17| —4.357| 199.7[1. 17| 2.445| 0.825 -1.236 4.224/ 4. 239
50 | 60 |4.029 20.52| —4.634 197.91.16] 2.728 0.837 1.234 1.250 | 4. 488] 4.504
| 100 | 4.245| 22.78| —4.889| 196.511.16] 2.988| 0.846 1.236 12410 4.728) 4.746
. 200 | 4.603 26.78 —5.319 194.3[1.15 3.428| 0.859 1.245) 5.128) 5.146

Ex.1:L=0.lcm, d=5.254m, f4=20°C, #,=170°C, R=6.005Q
Ex.2: L=0.3cm, d=5.254m, f4,=20°C, £,=200°C, R=19.20Q
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Fo RfK L JOEMELICL LIThick SNATE I EDEC L Y S UTOMBIERT B0 TRO L 5
BRI 20~60sec T - 7co , CBBRCENT BT L RB LT, |
S22 stEER . " f 0=1—0.9872""~1) . (8.10) -
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Fig.9: Temperature disfribution of ‘a hot wire
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Table 2 Examples of comparison in the compensated yoltage by compensation epuations
-dirived from the results of experiments aid calculations (X —type probe)EEE

IOHENSELREBERERC L » THEINBED HBH(XHE 7 v — 72 FH)

1 & | emio | o | oy | Pow | Dem | iy | (el
0.0 0.0 4.756 ' 4.756 4.765

g | 202 15.2 | 4.848 10000 } L 0000 4.848 | 4.848

- _ 58.1 43.6 | . 5.027 - 5.027 5. 027
96.9 | 727 5.179 ‘ 5.179 5.179

0.0 [. 0.0 4. 656 1. 0457 1. 0466 4.761 4.763

26. 8 21.8 | 16.4 4.748 ) } ' ' ©4.869 4.863

59. 2 44.4 4.915 1. 0515 1. 0490 5.039 5.035

97.0 72.8 5. 050 5. 177 5.174

EX.3 i E—— . -

‘ 0.0 0.0 - 4.561 | = 1.0897 1. 0903 4.762 4.763
o 16.4 |  12.3 4625 ) } o 4.848 4.839

51. 6 38.7 4.780 1. 0992 1, 0953 5.012 5.003

96.1 72.1 4.937 - 1 5.176 5.167

0.0 | 0.0 4.463 1.1391 | 1.1383 4.763 4.761

56,8 -18.3.7 1187 . 4.532 } ' 4.864 4.853
585 { 43.9 4.697 1.1524 1.1462 5. 043 5.032

S 98.1 | 73.6 4.827 S '5.182 5.170

0.0 0.0 3.832 N 3.832 3.832

o 14.8° 11.1 3. 966 3. 966 3. 966
243 1 55. 2 41 4 4.312 - 1.0000 J 10000 4.312 4.312
. 107.4 | - 80.6 -4.565 |J 4.565 4.565

00 | 00 3.726 1.0588 .|  1.0589 3:833 3.834

2.5 188 | 141 3901 o ] , 4.025 4.023

4 51.3. | 385 - .. 4.157 1.0643 1. 0637 4.285 4. 287
- 106.7 | 79.7 | 4.426 4.567 4.564

EX.4 i : :

0.0 |. 0.0 /3,620 | ,1.1248 |  1,1240" 3.840 3.838

'42';3.‘ 12.5 |1 9.4 - 3.716 RER ] oo - 3959 | 3.952

- | --54-1—{- -40.6 | - 4.042 |p 11353 .|y 1.1312 | . 4.307 | . 4.299
1149 | 86.2 4.311 ) 4.593 | 4.585
0.0 0.0 3.468 | . 1.2198 1.2148 3.830 | '3.822

52.9 15.4 11.6 3. 605 : ' L 4.007 3.995
- 58.5 | - 43.9 3.904 |} - 1.2353 1.2281 | - 4.339 4.326

113.6 '85. 2 4148 ) . : 4,610 | 4.597

1. Values of the column of D,yy are obtained by egq(3. 20) (U—O), or eq(3 23) (UﬁFO)
those of Digxp) are obtained by eq (3. 24) (U=0), or eq(3.25). (U#O)

+2. EX.3;%=193.4, L=0.10cm

8. "EX.4;,=170,0, L=0.15cm
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Table 3 Examples of the calculated results of constants A, B C D

EH A B, G D oOFtHEBMl
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Angle
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¢ Volt Vo}{t v Ve Volt Volt vy V'
—ul4 4.575 4.320 4.984 4.322 4.942 4.815 4.911 4. 808
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wire anemometer and calculation method of the direction of air stream in low

velocity.

by K.KINOSHITA ‘

Research Report of the Reseach Institute of Industrial Safety RIIS-R-R-25-

{9r7) '
This paper deals with the method of compensating the out put voltage of a hot

wire anemometer for fluctuating temperature and the method of calculating the

direction of air sream, by using digital computer. From the results of experi-

mental data and theoretical calculation, an equation of temperature compensation

has been derived. And equations to be used in the calculation of the direction of

air stream have been obtained empirically.
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