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A cross-hotwire calibration method with implicit temperature correction
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Abstract: Hotwire anemometry is mainly used for turbulence measurement. The main source
of error for hot-wire anemometry is the variation of ambient temperature. The most popular
temperature correction method was given by Brunn. However, the measurement error is large
once the temperature variation exceeds several degrees. In this study, a new cross-hotwire
calibration method was proposed, and the temperature correction was implicitly considered.
Experimental studies were performed to validate the proposed method. The results show that:
1) when the temperature variation was less than 4 °C, no obvious difference was observed
between the present method and Brunn’s method; 2) when the temperature variation was larger
than 4 °C, the accuracy of the present method was more accurate than Brunn’s method.
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Fig.2 Velocity calibration curves for a cross hotwire
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Fig.3 Velocity calibration curves for a cross

hotwire under high-pressure condition

JE AT 3 R BRI Bl D0 R T R BRSE b Z50AH I b R AT
1E . M 3G ] LUF o 2L 4 i F T Bl < O T
JFEAS AR M 27 , i 1] Brunn 1975 %6 2E47 18 1E J5 4 7 il
LARATES (T=33 CHEIBISZE, WK 3(b)).
1A SCE W ik JE BT RSl e e S
UL 3Ce)) ik 3 WYk B A8 A Xof A 2 4t 1) 5% i)
V3 35 AR Ty v 4 o A 4B O

FKLHMT TSI ML UEREA.B.n
Hlk BOAE L rp e AR 3 — o PIVER A iy 3 A ME 25 R A
WS AR T IR BRI S 25 CORE AR /N 1 C.
A o R RO AR X (5) L SR T il T LA iR AR
AL WA EGHN T R BEKT 0.99. WiEFE+
(A5 5L PRI TRLEE A& IE 5 vA AR 301 & K BOH 55 7]
Fof 2 75 R AT Ul B A TE X R (B A2 e AN B . aX SR B
RENE R b BBl R W LA TR Y e L IR B AR 1R
XiF A AR I A R R VA S

F1 TSI ZHHRENAERELER,25C
Table 1 TSI cross-hotwire calibration results, 25 C
Wire® 1
T AE IE Ty ik
i85 A B n k
TEIE 1.32 1.18 0.42 0.33
Brunn 75 ¥ 1.26 1.21 0.41 0.32
E YRS 0.23  1.9X1073  0.42 0.33
Wire #2
L 8 1E T %
A B n k
T 1 IE 1.50 1.02 0.44 0.12
Brunn J7 % 1.48 1.03 0.44 0.11
YIRS 0.27  1.2X107%  0.44 0.12

2.2 EF @M XGEMNHXERZNE

B EUR b R 2B UAT 752 KR & — BT 1
T = KU S R 1 RS A 0,46 m < 0,46 mMY
2018 4F , UAT KJR #4717 A Sk s . WA F 258 ik
Jei T LAARAS B i R, IR B i g i R T
BARMEETE . KA E A2 8 Z 00, i e 2k
RGHAGHEAT T 3 5

B4 50T UAT R 033 i 45 8. A2k
N B 45 SR o ff R AT P B 6 A AT T IR, ACHE N
RGN B 22 fa) fY R 228 3 °C . IR A AT IR E
REIE , FAL N £ 45 R0 i 5 B 648 10 I £ s iR
FFFIRZATLIIEF] 5% (40 m/s, WK 4(a)) . RIEAR
SCHRE TR AT IR BB IE 2 G IV B S R AR
I Z AR A, B AT 40 m/s K
ZAE T R KT L ER S R A R ) A £, by /D
=0 AW, v/D=—0.5 F R KRB0
G (BYIR AL E) D =0.46 m 278 KU 5 1Y
RE o AN F AT DL 2 b DX 43 S 3 A9 A% 0 X FINR &



i HAE . BT R EGR B I B T eI KO AR HE T T 47

1M
50 "
- Pitot-Static °
a0t XHW,w/o Corr °*
~ o XHW,BRUNN(1995) '
@ * XHW,Present method | , ¢
E 30} !
3 o
2. [}
@ 20 )
z °
K=} o
“ 10} °
°
0 X . X
0 500 1000 1500 2000
Motor speed/RPM
() FPHBE S5 Xtk
0 x/D=0.1 .. x/D=4.65
021
-04+1
S
-0.6
-0.8
-1.0
U/U,
(b)Y S5 3t il 1] 38 32 1) e
102
10
8
2
3-\
o
17}
~o10et
10 . :
10! 102 103
JHz
(o) it o i 3t ) R 4%
107
10
8
N
>n
=)
17}
100}
10°® . .
10! 10% 10°

fIHz
(COR Ak v E S
Fig.4 UAT RUEMFRZNELE R
Fig.4 Sample results of flow field measurement
of UAT wind tunnel

X, B4 MIE 4D, g5 T 3R LA A R AL B Y
1) G RO ) Co") i VAL 200 25838 (M 52 5 D)2 1Y

g B y/D=—0.5), i it 3% AT AAR 90 il 4 A
FRALRIA 73 o =4~ DI DR 368 30 DX AR P R I RE
FEHICDC s i 45 R 5 N9 SE B 45 SR — B

3 4 &

FRE A T2 2 FH T i It O 1 DU, PR e 1Y
F2 B 25 Sk Rl BR A R AR A B B AR ME S
e Ak, 38 % 6 A9 Brunn 8 S0 & 1E 77 78
AR RGO T i Rk Bt 22, A&
S HE S R T — BT R T g R R R
HER IR FEAE TE 7 i, IR P R T R AR e LI i 5%, 45
REW D) MR AZAAE 4 °C LU IRE AR SCHE
175 ¥ 5 Brunn J5 3k 0 DU 50K BEAH S 5 2) YA EEIR
JEARAE R T 4 C I, AR SCHE Y T 125 00 D0 o K B Oz
T Brunn /5. 550 Brunn J7 %A A SCHE
B4 53k AT R R Bl 2 A e I ok AR v ) A M ORI, %o 4
e T Y T RN RIOR AT B, WU R B B
2SI S A R A AR SO R IR AR AR R AR K A
PFF B M i . R AR S AR Ak LT
JRAH S ISR TAE

B < AR SR S 0 4 AR S AR MR R R K2 o )
WF 5% 53 WA 52 B 1Y, B 3 1 5% BR 2% 3k 4x 25 (CSC) 1Y %% By, B Con.
Doolan 242 15481 41 48 L 50 50 15 45 32 15 .

2 % X #:

[1] BRUNN H H. Hot-wire anemometry [ M ]. Oxford: Oxford
University Press, 1995,

[2] HENBEST S M, JONES M B, WATMUFF ] H. A technique
for rapid calibration of cross-hot-wires [ C]//20"™ Australian
Fluid Mechanics Conference, Perth, Australia, 5-8 December 2016.

[3] WALKER D A, WALKER M D. Experimental comparison of
two hot-wire techniques in supersonic flow[J]. AIAA Journal,
1988, 27(8): 1074-1080.

[4] LUEPTOW R M., BREUER K S, HARITONIDIS ] H.
Computer-aided calibration of X-probes using a look-up table
[J]. Experiments in Fluids, 1988, 6. 115-118.

(5] Shipk, mEIEA. 22 R, 55, 7T R4 D A AR R AR 61 1 ot 7 I 4F
R I, Z=R33h 12244, 2019, 37(1): 55-60.

MA H S, SHIP J, LI X C, et al. Investigation of calibration
method for hot-wire probe incompressible flow [ ] ]. Acta
Aerodynamica Sinca, 2019, 37(1): 55-60.

[6] JORGENSEN F E. How to measure turbulence with hot-wire
anemometers-a practical guide [ R]. Dantec Dynamics, Denmark,
2002.

[7] MORO J P, VUKOSLAVCEVIC P V, BLET V. A method to
calibrate a hot-wire X-probe for applications in low-speed,
variable-temperature flow[ J]. Meas Sci Technol, 2003, 14:
1054-1062.

[8] BRUNN H H, TROPEA C. Thecalibration of inclined hot-
wires probes[J]. ] Phys E: Sci Instrum, 1985, 18; 405-412.

(TEEE 65TT)



5013

T B A R ECE WSS A NACA0012 381 5 A BY 52 i 65

(8]

9]

[10]

[11]

LEBEAU R P, HUANG L, HUANG P G. et al. Numerical
study of blowing and suction control mechanism on NACA0012
airfoil[J]. Jounal of Airfoil, 2004, 41(5): 1005-1013

doi: 10.2514/1.2255

W, R, AERA. R ERE R 8 i B E R .
2R BN IR, 1994, 12(1) . 36-42

LI F, WANG Y Y.
separation control by suction[J]. Acta Aerodynamic Sinica,
1994, 12(1):36-42. (in Chinese)

W, TH &, ERA BE UTHRAImE T IEs .
SR BN A, 1994, 12(3) . 237-242

LI F, WANG Y Y, CUI E ]J. The investigation on some
methods for increase lift force[ J]. Acta Aerodynamic Sinica,
1994, 12(3):237-242. (in Chinese)

WAHIDI R, BRIDGES D. Effects of distributed suction on an
airfoil at low Reynolds number[R]. AIAA 2010-4714.

doi: 10.2514/1.J050913

CUI E J. Numerical simulation of

[12]

[13]

[14]

[15]

[16]

ZHAO D J, WANG Y K, CAO W W, et al. Optimization of
suction control on an airfoil using Multi-island genetic algorithm
[J]. Procedia Engineering, 2015, 99: 696-702.

doi: 10.1016/j.proeng.2014.12.591

DANNENBERG R E, WEIBERG J A. Section characteristics of
a 10. 5-percent thick airfoil with area suction as affected by
chordwise distribution of permeability[ R]. NASA TN-2847.
1952.

TR e AR BRI ECT B T2 0 it o A R R AR AR LD mE
M B TR %, 2014,

ZHANG W L, ZHANG Z Y., CHEN Z H, Main

characteristics of suction control of flow separation of an airfoil

et al.

at low Reynolds numbers[J]. European Journal of Mechanics-
B/Fluids, 2017, 65 88-97.

doi: 10.1016/j.euromechflu.2017.01.010

PRAefs. 23 AR ML dE o d6 o i 25 2% B B WA,
1987.

1111111111111 11111 1111111111 1111111 111111111 11111111111 1111111111111 -1

(EEE 47 ])

9]

L1o0]

[11]

[12]

[13]

[14]

WESTPHAL R V, MEHTA R D. Crossed hot-wire data
acquisition and reduction system[ R]. NASA TM-85881, 1984.
BRUNN H H, NABHANI N, FARDAD A A, et al
Calibraton and analysis of X hot-wire probe signals[]]. Meas
Sci Technol, 1990, 1. 782-785.

YASA T, PANIAAGUA G, DENOS R. Hot-wire anemometry
for non-isothermal flows and effect of aging of the sensor wire
[R]. Data acquisition and signal processing for turbomachinery
applications Von Karman Institute for Fluid Dynamics, 2005.
CUKUEL B, ACARER S, ARTS T. A novel perspective to
high-speed cross-hot-wire calibration methodology [ J]. Exp
Fluids, 2012, 53. 1073-1085.

MARCUS H, ALEXANDER S. Temperature corrections for
constant  temperature and constant current hot-wire
anemometry[ J]. Meas Sci Technol, 2010, 21: 10540.

COME B, SARMA G R. Constant voltage anemometer practice

in supersonic flows[J]. AIAA Journal, 2001, 39: 261-270.

[15]

[16]

[17]

[18]

[19]

SARMA G R. Automated constant voltage anemometer for
measurements with fluid temperature drift [ J]. Review of
Scientific Instruments, 2002, 73: 1313.

COLLIS D C, WILLIAMS M J. Two-dimensional convection
from heated wires at low Reynolds numbers[J]. Journal of
Fluid Mechanics, 1959, 6. 357-384.

ALEXANDER S, MARK Z. Applications of dense gases to
model testing for aeronautical and hydrodynamic applications
[J]. Meas Sci Technol. 2005, 16: 1710-1715

ZHANG J, WANG X N, ZHANG ] L,
layer corrections and a tensioned fabric wall for the localization
of sound sources in wind tunnel[ C]//The 25th AIAA/CEAS
aeroacoustics conference, Delft, the Netherlands, 20-24 May,
2019.

POPE S B. Turbulence flow[M]. United Kingdom: University
Cambridge press, 2000.

et al. A study of shear-



	06 张军
	06 张军-1

