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Ultrasonic phased array experimental device for liquid
film thickness measurement
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Abstract ; Gas-liquid two-phase flow exists in processes such as nuclear reactor evaporation, aircraft cooling, and chemical production
falling-film evaporation. Dynamic measurement of interfacial waves is of great significance for industrial process monitoring and
production optimization. The accurate identification and characteristic parameter measurement of interfacial waves are important
prerequisite for scientific research and engineering practice. Based on the ultrasonic phased array measurement system, the measurement
method of sector scan is designed, which can be used for liquid film thickness and three-dimensional measurement of interfacial wave
morphology with clear gas-liquid interfacial. Through static calibration and circular tube verification, the relationship between pixel
points and liquid film thickness is determined. The real-time dynamic experiments are carried out under the gas superficial velocity is
0.071 9~0.431 6 m/s and the liquid superficial velocity is 0. 056 7~ 1. 416 1 m/s. The cross-sectional gas-liquid interfacial information
with high accuracy in real-time flow process is obtained, and the three-dimensional distribution of interfacial waves is built, which
provides an experimental reference method for the study of interfacial wave characteristics parameters.

Keywords : gas-liquid two-phase flow; liquid film; ultrasonic phased array; sector scan; interfacial wave

FEAE, BAER A AU HAT R R S, B LA R
FTAERETHRR AR A S B, Horb, B dions
DA 1 2 R (AR i ) AR SR N )
PIAHTRAEAL T Al R S 2 T TR S48 2 JT R T USRI BT 580 RAIBE ST, B 5 R P AR I

0 5

[l

S H 1. 2023-07-27 Received Date; 2023-07-27
* SEETHE AL B RRHE R4 (F2022201034) |5 A SABL 2= FE 42 (62173122) T H BE )



53

LT A Rl AR U P A S 171

SRR S B (A e P A Dl Bl R AU AR AR ) F2
BRI I R R AT Y AR R SR P AN TR A
it JERRIE 5 AR T, I o U 1 3 4 o R G
RN R R 2RI SR ik R A s
&5 H AR LI TR S E R A R PR S PR A
VIR VAR ISV 38 o DA A% B B 30 Ak 6 B2 32 1 - X L, A, R
BRI BRI 3 38 WL T4 AP AE AR 09 “ ICAT 0" I 32
PRET 9 AL 5 A B TR A IR 2R 52 ), 5 BOPR A 7 57 T
PR S BRI AR A 9 7 T A7 AE R A5 22 5 T e R B 52
IERDGAR T B AR RO B S X R G A O, 4t
1B A 5 5 S Lk 22 4 AR & (TS 24 AT (g i 22 42
o XTI R A PIAR R G, QA T ARV A%, FAAE
JEEE BRI BRI T TR T I i B R 5
Ao FERXFPG OL T, {7 FH R 7S 8 o o — A e AR 125
P A PR AR S 0 Bk )z L P T s 2 AU R R A
B sl B AR A L RB AR 4Rl AR TR & B X AT
AN AR, R AR B AR % 5 | A3 AR T
SRR BT

I T 7 AR 42 A A A A A AT 8 O o Ak 5 28 B
B, RHAE W A 0 3 el A ) AR B | B R A
W25 5IE G 2 A Ji2 B L ok | LAASE AGz 00 255 3 A 11 H1 32
LG8 RH PR A P I A B A 45 e B AR B 1 B
ARSI B T L AR Fang 451 42
PE T AR A i R 4 10 TR R i B U Y
AR TAFGAL B IE B BUEMR  IF X AT 0 S Aab B
Ingram SO F— A 2 T 128 B4 0 109 48 75 AR 58 1%
RYARAT B ARG, DT o I ) b i SO R
Liu S5 38 5k — 7l P AR 98 I A5 R vk 4R gE T S
AL LA RS UE T VAR FE v e DR 4 n)
R, R DAL P AR A g A R A it ) R 4 T 1 =
JEAATHY, BT —E L H

AR T R P R AR I AR AT, T RS AR
S RIS 30 A T S PR MR i S VAR MR R B ]
HYICER AT B 40 iy =Xk SR IR 32 3t Bl v A
e R R P AR T V5 245 ., A 1 s 0 A
SRTEAT RN B i R T A S R 1 S T =
HEIMATIEZS | Sy SRR 2 800 o A St 1 S R B
2%,

1 BEEEENEER

11 BEREEENERE

AP P R 7 B — ol A5 45 A 7 A R T A
MEEAE ISR DT AR a3 U5 i RS Tr Rt i i
PR P G A4 7 A e sl il 3 A E B, A TE IS K
SEHTYIRL ST, Sl AL R A BORRAR I, 7 3 vh A7

FEFE I A D

A P A R A 1) ) e A B AR BT BT S B R T
P BRI S R Dy I AT R R RS, TR
JE B kg Z2 W T A,k 220 2 5 45 T [R) ek AN RO 75 g 1) 38
RS R, AR FEoTHl nT Doz g, RS R, R
SeiE R4 BT IR T B g LA ) R | Rk
P BN IRRE SARNLOC Rl SRR SRR w7 | 1 T 0
—ANREE T 1) B R, MR RE R 22, i
FIAFAEMEAS PR BTN 22, K 8 7 I 28 aod R I 52 Bk
TR 30, P A I 2R 9 30 ok R 3% e S5 e A7 %) S ek 52
PRIR A AR AR A 1 2R A1 v DU 80 3 8 75 I8 0% KL A R T
BUEE B AR B FETCAN 5 AR 22 8 3 S L £
ARG B A 1 SR R
1.2 IEREESHTSIHE

FERB AR M R G0, P o3k Bk o i) 2B 3R 4 11 B
BB R RTT T) A ) A2 3R B ) S il o o A — >
FEoT Bk AR B S ) SR T3 A O E
[T A5 T, DAY IR 2 S 5 e 000 52 56 Bt 1 5195 200 A o
5 TR B B 7 B e B HORNAS BEJS M R T
EREFUE N VISR ] 78 S A K AR AT SR AN TR D7 1)
(IR S SUSTWaR AL 3 S Y S e A [ e | oy
B, SO INE AE E IR 2 RN RE R A %, BT LA
T B E R AR B ], 7R R R B AR B R A 1
/7N

K1 AR R &
Fig. 1 Diagram of beam propagation path

5 R JO PRI AR RS | T Mk ) 7 SR %, P 1] S2E

B
d - sinf N -1
e (e (1)
TP T AR R e o, A2 R 5 5 000 0 Jss 79 A S (] )
I, I U 7 AR AR S Ak S A AT, T S AR AT AR
LURGRCNIE 39 s XGNP
0 = arcsin(c—x - sin( 6, + 0)) (2)

]

CX



172 & L £ ¥ W

a5k

I S P SR F D 7 R DA 5 A S SR ARG TR
VT e £ Y 25 A, SR IR IR [E) S Ry
:d sin( 6 05)(n_N2 1) (3)
s 0 Bk SRR A 50" J2 A ARXS TPl
P TTIMZR B % £ 5 d JEARABEOC IR B8 5o, EAREAY S
e, FRIKA

PR Ay Lo B e il 2l T R B 2 5 S04 Bl ¢
SERE A, WK B SRS BE TS 2 S im0 T R R R

Ln=R—JR2—(n—;d)2+LO (4)

F s Ly ARk v 30 i TR R Y B R 5 5 R DR AT
SN

S BT A ST A 7S A TR 28 a5 5 K OB P
AT A B T L S

L2=JR2 - (n—; d) - VR - (N-d)* (5)

R I AT B TR R I T TR R A

AT

C‘c

l +sin([0]) - [(N+n-1)-d-1L,-

- cos( |68])

tan( [6]) ] (6)

A A2 3R B 18] Sy 4 o0 A& BIHE K TIE AT

T PR AL e AT G B ) BB e e A S 3R 5 [R] 55 K
HhAE IR N R] 2
L,

AT =— + — (7)

2 BEEEENERSIEIT

2.1 FIREHSIRE

e B AR AR R 34 214 T, AN 75 T A ot Hh 2% o 1Y
FELE, 26 L PN 50 it A% v o) 7 7 0 1) B SR R A
U6 P 38 L HE RUAh R A TAMES  HAS DS LR 66 mm , 3%
DA LB IR ARG I e A BB A 1 m (99 S0 gk v 3 1
0, 4TI/ SR EE Y 8 22, 4 v 0 ok A0RG B, B e
T I 375 W KORE 00 A5 L S0 R4 v (14 KR R AL B B
P TR SR

WA 2 e, AR TS 5 o 3R 0 A0 975 i 75 A 45
PN 2 R FLBE R -l i R R A 25 5L
Y AP S 885 . LR T — AP IR SC R
Ja FR KO S5 TR T A bR e . 5 TR B A )
TRERTET K 700 Jrs BRPE 225 SOy v B2 R 1. 76,
1.94 .2.35 3. 52 4. 12 mm ;¥ P H 525 57 $5 B0 Bk il e
TEPIHE-ATIE 58 77 - A 8] A 75 7 e A [R]E il — &
FERI I SRR, 2725 S By S FE e T RO E E

FIF CTS-PA22X RUHA 75 AH ¥ B £ 1 R 3k R 8R VAL AR 78
WAESHdE
FEE R R

B2 PR scs

Fig.2 Experimental diagram of plate calibration
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Table 1 Planar scan calibration experimental data

WREEE/mm EAURIREAE K AR EE N pixel/mm

0 424 0 0
1. 760 413 11 6.250 0
1. 940 412 12 6.1856
2.350 409 15 6.3830
3.520 403 21 5.9659
4.120 400 24 5.8252
1. 760 413 11 6.250 0
1. 940 412 12 6.185 6
2.350 410 14 5.957 4
3.520 403 21 5.9659
4.120 399 25 6. 068 0
1. 760 413 11 6.250 0
1. 940 412 12 6.1856
2.350 409 15 6.383 0
3.520 404 20 5.681 8
4.120 399 25 6.068 0
1. 760 413 11 6.250 0
1. 940 412 12 6.185 6
2.350 409 15 6.383 0
3.520 402 22 6.250 0
4.120 400 24 5.8252
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Fig.3 Comparison between sector scan fitting

results and original data
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Fig. 4 Experimental verification of static calibration results
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Table 2 Experimental data for the verification of

static calibration results

=g WG RN IR AR

JELBE/mm /pixel /mm B0 R E /%
14.98 91 15.077 9 1.38
20. 02 121 20. 063 4 1. 46
25.00 151 25.048 9 1.50
30. 00 181 30.034 4 1.53
35.04 212 35.186 1 1.55
40. 00 242 40.171 7 1.57
45.02 273 45.323 4 1.58
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Fig. 6 Diagram of gas-liquid flow measurement device
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Fig. 9 Schematic diagram of data matrix reduction trapezoid
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