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- Abstract -

Calibration and Performance Test of Hot- wire Anemometers by

Using a Calibration Wind Tunnel

Hyun- Chul Ha, Tae-Hyeung Kim*, Eun-A Kim

Jong- Chul Kim*, Jung-Ryng Oh, Ho- Keun Jung

Industrial Safety & Health Research Institute Korea Industrial Safety Corporation

Department of Environmental Engineering, Changwon National U niversity*

Hot- wire anemometers are most commonly used
in measuring hood capture velocities due to their
accuracy and convenience. But it was questionable
that the anemometers being used in the field are
accurate enough for the purpose of measurements.
To answer this question, a calibration wind tunnel
was newly devised and tested. Subsequently, 53
hot- wire anemometers being currently used in the
field were tested to evaluate the accuracy of
anemometers. The average error was 16.93% while
the average errors in the low (0.5~5m/s) and high
(5~20m/s) velocity range were 17.40% and 16.45%,

¥ : 7-3

respectively. Most of anemometers underestimated
the true velocities. It might be due to the
contamination of hot-wire, resulting in the slow
heat transfer between the sensor and air flow.
Astonishingly, 16 of 53 anemometers were out of
order due to the malfunctioning of zero adjustment
control, power supply, display panel and sensor. It
is desirable to calibrate periodically and clean the
sensor after using in the dirty environment.

Key Words : Hot-wire anemometer, Calibration,
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(] (P1, P2 (2 (Flow straightener)
Fig. 1 P1 (Profile)
, P2 . P1 Fig. 2
150mm, P2 400mm ,

AL motor
" comtroller
[\]0
Drigitnl thermo -humidity e @
REEG

Flow sinightener

Fig. 1. Schematic diagram of the experimental facility for the calibration of hot- wire anemometer

Fig. 2. Flow straightener
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(3) (A/C motor controller),
(Micro- manometer) (Digital

thermo- humidity sensor)

0.01Hz
(AC motor contraller)
100m*/min, 150mmAq

0.01mmAq Micro- manometer(
, FURNESS CONTROL LIMITED, Model
FCO12- Micro- manometer)

(Digital thermo- humidity sensor)

5m/s
(05~ 5m/s) (5~ 20m/s)
5m/s
4% ,

20m/s 0.25%

(ACGIH, 1998 ; Guffey, 1999). 3

D
(5~20m/s)

150mm (PY) (Fig.1 )

, P1 (75mm )
. Fig. 3
, AC motor controller (Hz) 15,
25, 35, 45, 50 Hz 5m/s~
20m/s
Hat-wire ull.'muml'u-rl Pifottube
e} ! -
L)
Center point T

§ 130mm duct

Fig. 3. Calibration of hot-wire anemometer for high
velocity range

2
(0.4~5m/s) 400mm
(P2) (Fig.. 1 )
5m/s
(ACGIH, 1998). Fig. 1
P1 (Q1)
, P1 P2
(Q1)
P2 A2 P2
(V darhkd . P2
(Velocity profile)
(V atiel)



(Vaat) , (Vaat) (V atud) AC Motor Controller
K . K 15, 25, 35, 45, 50Hz
3
P2 ,
AC Motor Controller
.3
K (V dahg) Table 1, Fig. 4, Fig. 5
AC motor controller
- P1 Q) ,
- (Qy P2
(V darhd Table 1. Air flow rate and pressure drop vs.
motor rotation speed
Q1 o Motor rotation speed (H2 15 25 b 45 50
P> = V darhd '

QL (/min) 325 973 1404 1839 2066
4P (mmAq) 121 43 907 1560 1954

- P2

(V atuel)
(Vaat)
) _ = 01410 - 1,093
(Vaat) (V atd) b il

i

=
! lmm)

\>/cent - K % 10
actual E
=
_ =
: (Veathg K i~
_ i 1] N ) 40 S0 i
(Vdata) x K =
Motor rotation speadi He)
D P1
P1 Fig. 4. Relationship between motor rotation speed and
*10 Point Traverse : air flow rate
(ACGIH, 1998).
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Table 2. Calculation of calibration factor(K)

Motor rotation speed(Hz) 15 25 35 45 B0

10M}

V sgaha(m/s) 071 129 18 244 274
E v = 0,0028x 1 V atue(m/s) 062 124 18 242 276
E= R’ — d.oook Vat(m/s) 068 126 18 242 278
g o K(Vaat/V atd) 109 102 100 100 103
s
&
Z Il
1 1
10 10
Motor rotation speed{Hz) )
1
Fig. 5. Relationship between motor rotation speed and Table 3
pressure drop across orifice 3 (%)
Table 3 ,
@ P2
(Total average error)
#400mm
) ) 12.77% , (Average
(Velocity profile)
) error)  10.85~17.15%
Fig. 1 @ 400mm
()
5cm
: 20cm ’
. Fig. 6 Fig. 7 50Hz
15Hz
P2 K -
® _ Fig.. 8 Table 3
Table 2 (Vdaad Pl
(error)
15, 25, 35, 45, 50Hz 3
(Qy) P2 (A2 >
_ 36 5 10~15%
(V atue)
11
P2
10% 22
(Vat) P2
_ 62% . 20%
(Vaat) (V actual)
6 17%
K
, 30%
2 6%
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Paosition in the duct

Air veloeity {m's)

Fig. 6. Air velocity profile at 4D downstream of flow straightener (50Hz)
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Position in the duct

Table 4

error)

(Average error)

Table 4

1367%

02 040608 1.0 12 14 16 18

Adr velocity(m/s)

Fig.. 9
(%) (error)
, 5%
(Total average 10

12.72~ 1527%

10
) 30%
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Fig. 7. Air velocity profile 4D downstream of flow straightener (15Hz)
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Table 3. Calibration results of hot-wire anemometers in low velocity range

Motor rotation speed(Hz)

Type No. Year Model 15 25 35 45 50
Error(%)J)
1 1993 SO** -16.44 - 6.20 - 6.99 - 519 - 876
2 1994 TS** -50.47 -42.49 -39.25 -3811 -40.12
3 199 TS** -16.01 -13.44 -16.31 -18.03 -22.05
4 TS** - 998 - 128 - 7135 - 833 -10.31
5 TS** -16.01 -11.33 -11.11 -12.43 -14.13
Digital 6 1997 TS** - 342 - 227 - 507 - 464 - 5.06
7 TS** - 6.10 - 272 - 323 - 546 - 7.69
8 TS** - 955 - 128 - 758 - 874 -11.89
9 1998 TS** -1041 - 6.27 - 6.99 - 751 -10.71
10 - TE** -23.99 -14.73 -12.19 -1393 -14.69
11 - TS** - 241 - 091 - 213 - 284 - 640
12 1980 DE** -24.44 -24.02 - 2459 -21.71 -32.26
13 1988 Si** -16.01 + 155 - 573 -1393 - 18.66
14 1990 KU** - 16.65 - 6.65 -12.01 - 921 -16.13
15 1991 KA** - 826 - 181 - 323 - 0.96 - 458
16 KU** -26.78 -16.80 -11.65 - 179 - 912
17 DE** -2333 - 853 - 6.63 - 1.79 - 9.00
18 1992 KU** -26.78 +29.20 +12.90 + 6.56 + 1.58
19 OM** -16.44 -10.83 - 860 - 574 -10.24
20 KU** -12.56 -10.34 -16.67 -16.53 -18.30
21 KU** -39.70 -34.39 -30.82 -2350 -27.95
22 KU** -2204 -19.90 - 681 - 574 - 458
23 Six* -18.16 - 1.75 - 179 - 164 - 244
Analogue 24 1993 DE** -2204 -12.40 - 323 - 314 - 6.61
25 DE** -13.70 -15.57 -17.56 -1884 -17.70
26 DE** -40.13 -18.09 -18.46 -2363 - 26.80
27 AL** - 955 -11.63 -17.74 -19.81 -22.36
28 1994 DE** - 438 - 129 - 681 - 915 -11.62
29 AL** - 31.86 - 943 - 12.60 -14.80 - 16.60
30 1995 Six* -16.01 -11.37 -13.98 -1393 -14.72
31 DE** - 438 - 155 - 878 -10.93 -13.65
32 199 DE** -12.99 - 698 -1254 -14.62 -14.96
33 DE** +1.22 - 129 - 932 -11.89 -14.01
34 1997 KU** -1558 - 981 - 323 - 027 +0.39
35 - DE** + 6.39 + 491 - 090 - 232 - 578
36 - KU** -2333 - 12.60 - 591 - 847 - 964
Standard velocity(m/s) 0.77 1.30 1.86 2.44 2.80
Average | error(%) | 17.15 1121 10.85 11.23 13.38
Total average |error(%) | 12.77
VError (%)= [ Hot wire velocity- Standard velocity 1100

Standard velocity
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Table 4. Calibration results of hot-wire anemometers in high velocity range

Motor rotation speed(Hz)

Type No. Y ear M odel 15 25 35 45 50
Error(%)J
1 1993 SO** -12.09 - 12.65 -13.61 + 7.89 +65.01
2 1994 T S** -37.64 -35.00 -29.21 -28.70 -28.92
3 1996 T S** -20.54 -21.79 -24.59 -24.93 -25.92
4 T S** - 6.42 - 10.89 -11.31 - 9383 - 818
5 T S** -13.61 -11.74 -12.18 - 933 - 991
Digital 6 1997 T S** - 642 - 823 - 5.03 - 6.04 - 5.05
7 T S** - 549 - 793 - 9.07 - 277 - 719
8 T S** - 875 - 867 - 891 - 996 -10.80
9 1998 T S** - 176 - 415 - 6.83 - 127 - 6.24
10 - TE** - 17.47 -28.29 -23.95 - 24.48 -20.19
11 - T S** - 359 - 290 - 297 - 6.25 - 724
12 1980 DE** -22.96 -27.00 -28.73 -31.26 -33.44
13 1988 S|** - 405 - 817 - 563 - 187 - 353
14 1990 KU** -10.00 - 14.05 -13.32 -14.38 -14.87
15 1991 KA** - 334 - 147 - 219 - 165 - 317
16 KU** - 846 - 561 - 818 - 916 -11.33
17 DE** - 883 - 759 - 579 - 132 - 8.09
18 1992 KU** -12.10 - 055 - 203 - 146 - 324
19 OM** + 0.73 + 197 + 2.16 + 4.66 + 4.70
20 KU** -35.14 -2951 -20.37 - 19.63 -17.90
21 KU** -26.72 -30.10 - 28.86 -26.70 -25.95
22 KU** - 17.47 -15.80 -15.02 - 1451 - 915
23 S|** - 6.20 - 207 - 363 - 554 - 6.37
Analogue 24 1993 DE** - 7.09 + 212 -21.05 - 14.09 -47.89
25 DE** -21.84 - 28.03 - 29.46 -30.93 -31.15
26 DE** -21.29 - 2343 -27.52 -25.75 - 26.49
27 AL** -23.50 - 25.60 - 27.56 -25.23 -25.25
28 1994 DE** - 17.47 -28.95 -23.95 -24.48 -20.19
29 AL** - 751 - 168 - 3.08 - 284 - 355
30 1995 S|** -14.73 -10.29 - 881 - 794 - 892
31 DE** -12.90 +37.68 +19.51 + 748 + 4.38
32 1996 DE** -13.32 - 1517 -11.96 -1385 - 16.06
33 DE** -16.48 -2011 -21.17 -19.92 -20.18
34 1997 KU** + 0.01 + 293 + 6.73 + 7.08 + 5.89
35 - DE** - 250 + 344 + 4.58 + 193 + 0.37
36 - KU** - 9.67 - 730 - 122 + 2.66 + 3.00
Average of standard velocity(m/s) 5.54 10.03 14.36 18.66 20.98
Average | error(%) | 12.72 13.99 13.62 12.77 15.27
Total average | error(%) | 13.67
1) Error (%)= [ Hot wire velocity- Standard velocity ] %100

Standard velocity
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Table 5. Calibration results of hot- wire anemometers in velocity range

Statistics

Motor rotation speed(Hz)

Range 15 % % 15 50
Low Standard velocity(m/s) 0.77 130 1.86 244 280
doci Average | error(%) | 1715 1121 10.85 11.23 1338
velocity Total average | error(%) | 12.77
High Standard velocity(m/s) 554 10.03 14.36 18.66 20.98
dloci Average | error(%) | 12.72 1399 1362 12.77 15.27
velocity Total average | error(%) | 1367
Total Average | error(%) | 14.94 12.60 12.24 12.00 14.33
ota
Total average | error(%) | 1322
A 5% >
B : 5~10 %
C: 10 ~15 %
5 D: 15 ~ 20 %
E: 20~ 30 %
F:30%=
11
Fig. 8. Frequency distribution of average errors in low velocity range
A 5% >
B : 5~10 %
C: 10 -~15 &%
D: 15 ~ 20 %
E: 20~ 30 %
F:304 =

Fig. 9. Frequency distribution of average errors in high velocity range
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A : 5% >
B : 5~10 %
c: 10 ~15 %
D : 15 ~ 20 %
E: 20~ 30 %
F:30% =
Fig. 10. Frequency distribution of average errors in velocity range
A @ Malfunction of zerc adjustment
B ! Malfunstion of power supply
C : Malfunction of display panel
D : Malfuncotion of sensor
Fig. 11. Sources of hot-wire anemometer malfunction
3% . (Average error)  12.00~14.94%
, . (Total average
10% error)  13.67% 12.77%
18 , 14
Fig.. 10
3) (%) .
Table 5 5% 36
, (Total 3 . 10%
average error) 13.22% , 21 58%

- 120 -



. 20%

20%

1
2

53
. Fig. 11
Fig.. 11 :
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(ACGIH, 1998).

, 30%
3%

17

, Fig.. 1
17.40%, 16.45%
16.93%
)
(error)
, 5%
37 5 10~
15% 1
. 10%
23 62%
. 5%
37 10
10% 19
51% .
5%
3
10% 22
60%
53
16
3,
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