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Ultrasonic guided wave flow measurement of PFA tube based on array probe

Dong Yuguang, Xiao Xufeng, Cao Li

( Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract ; Perfluoroalkoxy alkane (PFA) tubes are widely used in the transportation of chemical liquids in semiconductor industry due to
its good corrosion resistance and stability. In order to precisely control the dosage and time period of various liquid medicines, non-
contact flow measurement of PFA tubes with small diameters is needed urgently. In this paper, ultrasonic array probe is used to excite
the ultrasonic guided wave on the PFA thin tube and the flow is measured by the guided wave. Firstly, the difference of mode selection
principle between ultrasonic wedge probe and array probe is compared, and the frequency selection characteristic of array probe is
explained. Then, the width and thickness of array probe element are designed, and three kinds of array probe with different element
spacing are prepared. The exciting and receiving characteristics of the array probe are obtained through frequency scanning. The
performance of mode selection of the array probe is compared and analyzed, and the flow measurement experiment is carried out. Results
show that the array probe can enhance the received signal’s magnitude and improve the measurement sensitivity. Different guided wave
modes can be selected by changing the array spacing. When the L(0,5) guided wave mode is selected on the 3 mm PFA tube, the error
limit of the measurement results in the flow rate range of 0~6.70 m/s is =0.22 m/s.

Keywords : PFA tube flow measurement; array probe; ultrasonic guided wave excitation; mode selection

JUAS mm BYRINERR , [R]HIR 20) 3 0ldse R, 32Ufm 5 st
PRI S D0 A A A e R IR 30 43 A ek DA Bt e i L3 5
SRERBAARIR, Sato 5 1 2006,2007 45 it

A TS T AR R TR R T v T JIN AR AE A T B 0 2 R R 28 T R IR T X 5 R
ANHTEARZ ARV E RN, W E MG 2, A6 BERNREE B AL M S WA A 25 S JF I E TG 37 B ) 22
B P TR R PR — RS R0, BRESEE LK e R, Li 501 2016 AERESE T R A E
S O A AR S AT OB L R, T TRE R R MBI HEREAE PRA B R S Uk, 5
PFA B G & A & BALA 7 BE BT AR H 75 A s R AR A SR A7 76 A ST B B — B 250

sk H 31 .2021-03-08 Received Date: 2021-03-08

0 3

i




106 U #H £ ¥ W

F42 8k

N i 2 R O N B

T35 B P I A R S T 5 A T R o A ) 9
ELHE I R B B 4 Sk Ry FH R 4 98B AR T L
S A TR A AR AR R T AT SRS G I H bR
BRBE TN TAURE R SR SR B AS I S R 45
AR E 24 R i i Kannajosyula 100 ) Borigoc
S5 SR T st A0 R 42 g A S BT 535k 114 B i 38l A 4
W, 741, Rajagopalan 25" ¥4 % F B3 ih 2 20k iy
AR MRS T S A BRI R B ARG

SR B R SRR AE PFA I8 9 Ui £ T £ 2
IR | DR 4 51 4R Sk A 38l 5 o 3R 1
AR SCHRE T AR Sk Y R S TE PRA A
AN N ] O, A BT S RS A Y R e 1Y
PNy 25 RS R BRI 05 B4 B 7 et B 91 4k
M ZEHRISEL, 5 7E PRA 45 1 EA T A0 3 4 4 S 00 B
PR IR T U S

1 SRRESIERE

1.1 SRHIEER

o 75 P AE AL AR AR T a2 BN S5 A R i A PR RT3 BB
il , AR A i e S Ak A EAE TR LT TR
SER AR IR S L SO A SRR AT DL
MR Z AN I, SRS R AR ¢, FIURE 80 #R B
BRARAE . Lowe " 7E 1995 4E42 H T R4 M3 2 )2
A B oRE R B SR R SR R, IS TR
A Disperse ™ 1 FF B eph B 22 4% il £ 2 F
F Disperse #4211 3 mm PFA 757K 58 HH 3 & 5 HE Hh
2, AR p L(0,1) (L(0,2) -+ L(0,6) 735 5%
MEE BB, B 1 A SR A HE UL A4S rh KR B ARt
& RNk D Z RIS E L 8AE T, 7£K PFA
BTN 2R SR PR 2 A BRI R 2R R K £k A R AY R 2R, 13X
MHAE KR ) I S K P (R B 2, IS A I
il 5,

3000(

2500

FHEBE/(m/s)
—_ —_ o
=) %3 =)
S S S
S S S

‘s / %)
L —e—11=},t:(0)
@ & sl | 5 W 2
% L(0.6) —e—n=1,t<0
97 LO4) B
% L(0,3) X

& 102
LO,1)

200 400 600 800 1000
i /kHz

K11 3 mm PFA FEKA MO 20 A S SR e B 2
Fig. 1 Frequency dispersion curve of 3 mm PFA charging tube
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and frequency selection characteristic curves of array probe
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Fig.2  Principle of wedge excitation
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Fig.3  Principle of array excitation
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Fig. 4 Composite ceramic probe unit and its simulation model
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characteristic curves of array probe with different pitches
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Fig. 8 Results of frequency scanning and flow

measurement experiments
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