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Abstract

Focusing on the challenge of online measurement of the oil volume fraction in oil-water two-phase
flow, this paper proposes and systematically investigates a detection technique based on the ultra-
sound attenuation method. A two-dimensional finite element model incorporating multiple physical
fields was developed using COMSOL to simulate ultrasonic propagation characteristics under two typ-
ical flow patterns: oil-in-water and water-in-oil. The effects of oil volume fraction, flow pattern tran-
sition, and oil viscosity on the ultrasonic attenuation coefficient were analyzed in detail. Simulation
results indicate that in the oil-in-water flow pattern, the attenuation coefficient “initially increases
and then decreases” with increasing oil volume fraction, with the transition occurring at approximately
35%. In the water-in-oil flow pattern, the attenuation coefficient peaks near an oil volume fraction
of 65%, suggesting that the flow pattern structure plays a decisive role in acoustic energy dissipation.
Furthermore, increased oil viscosity significantly enhances ultrasonic attenuation, primarily due to
the synergistic effects of interfacial scattering and viscous dissipation. Static experimental data show
good agreement with the numerical simulations, confirming the validity of the proposed method and
the reliability of the results. This study demonstrates that the ultrasound attenuation method—fea-
turing rapid response, non-radiation, and a simple structure—is suitable for the online monitoring of
oil volume fraction in industrial oil-water two-phase flows, offering a new technical approach for mul-
tiphase flow parameter detection.

Keywords

Ultrasonic Attenuation, Oil-Water Two-Phase Flow, Oil Volume Fraction, Numerical Simulation

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

T 2R B R 5 TZ HEE RIS 5, 2 MRSHIRE I & O SOy IR TR EER)
KB, MR Z MRS, T SEI A SRR S T2E PR S B B0 E 1] [2]. A4ER
REIRVHY 2R IR RSk, A A S AZ O MU 32 SRR R . 2w vl SR o 10N v £ KB
Bt FEMRFSN, RAESSELMK PR TR AR, SOvE P B TS A S AR R OT R
T3 A VA HE (R S BRE FT $E o 3K — 00 75 SR R AR 3 A AE AL 5 REUR AR AT M, X L rb 25 i 2 0 R
ST AU 5 2 PG HE B4R (X B AT 53]

R, MK ARG S AR ELAT I DR R 1 2R T7E, WaE 7R TRk S AR G A AR R
BBEOR . RIEAF (4106 T — A T & K CO0 R i K AR 0 &5 K SR D BB i ARl B iR A s, (B
LA PRI P 14 e S RURRAE RSN i) 240 A 1] Tl A N ) GBS0 Abbagoni S#[5 14 H 17—k -in
SR T R B 770, TS K PR AR AR R AR 22 8. Amir Sattari 556 SEIUR & 2 AR TN, K
- S 2 AR 5 N TP Mg 25 &, R ZIE DL RAF BT 77, (B0 56 LR BoAR BT [l 45 #)
RGE RN m AR SRS P P ER, SRR RN AR TPk R VER N ST, PREIEAE
(715 ALBERE[8] 73 IR T AR SRS LASE I & I i 3 T o R S i 52 A 40k 3 A o A 2t
1T TGS R WA T 2 aRBE I SR AT IR . SRT,  H 3 RAE RS AE S B N 28 5 32 B i A v

DOI: 10.12677/mo0s.2025.1412660 76 e RSE TR


https://doi.org/10.12677/mos.2025.1412660
http://creativecommons.org/licenses/by/4.0/

H
g
NI
4

FRBBHIEN, PRI ERENE T .

FEARE A 2 AR h, B A AR AR LS 1 2t se . HEoR Pk RE BRIy R
Biy SREGEVE. JCRRH . KRS TIHAE R SRR MAME L WABD R a8 AR B Ts
i, SRR IL [ BL5E 1 HAE T AR S v i) B B o7 o ARSI R BB B SE IR W FEAR S A I TT IR,
FRBE T TSR AR R A R R 285 PR X A P SR U R B S R o T T AN RAL R T R A R R
LI5S AR M G A o S RS A K BB A T T R SR UG E, (RIS 48 1 I AR R B e 7
FEVR A BIIREM o ANSC 5 A 1] W 900 20 2 20X 7 P S DRl R A P e 5 PR, g i T 7 S ) 5 Yl R
TEFAE I S B AR A 5 SR B SCHE

2. BERREESBERRESZ
2.1. BERBRE

FEFLE K AR AR R A RE Rk, BRI DRT 2L SO IR LB B[R 808 o 06 P S i 2
WOk TR B E A R R I, B iR, HOe S A S R 2 (a2 U B E &R AR . ML
N, HUR TR ML N R A, BB 2 E AR S SRS 2 AR R . fE
AR A, WA SRR AT AT AR LA, X e B R A AR A AR O
PR AR 15 3 LA AR [9] [10]

BT P R O ROR, AR BB B AR AN B A A e A B R E R DR P A
FBOR, HIZBR F EWKPIARR G A R e, BB, SO SEE R A g, T
S BE Lt ILARE, R 20K — 20 T S Rl 4 75 IR R S W PR A LA R e AL 1 1] DA AT R 3 08
B2, GINEA SRR K RS, e () FR:

ln[%]
R

/
A, PPy o3 R A A SRR EO A T, kPas 1 AN SHURITERES, mm.
2.2. BENAERGE

£ COMSOL Z¥# 71 & b, RAA MR THEMS I A& 1 Fros i) — g8 Hpgas IS BN
BN 50 mm, A E T I, AT B, KA - SR e R TRSELE 1.

(1)

P R R A

A AL A

Figure 1. Schematic diagram of the simulation model
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Table 1. List of simulation parameters
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Figure 2. Grid independence verification (Exemplified by 10% oil volume fraction)
B 2. PAETC R MR IE(10% & 2R 46 41)
3. IWERSR
HSEH COMSOL JFJ& 1 & i 2 0] i 7 8 Il R B i I S, R T A SEIR IR 1 AL g )
FEVE, B 7 S IR ST IR AR R 0T i 7 U AR BRI SR, AT T L e L
3.1. FHENBERRABAR M
3.0.1. BERBIER
TAEIS WA KR Tolr, AKEMIEES 5 He R KM BOE ST 5, Tl 3 8 D) BBk 90|
T 2 B b BEXT IR I A RRAE , AT FTENL 15 20 B A BB AR o AR [ E O 50 mm,

DOI: 10.12677/m0s.2025.1412660 78 e RSE TR


https://doi.org/10.12677/mos.2025.1412660

TEan &%

A3 UL = AT B EG K - L A B Bézier 2 BHER AL, T AT HEFHT - 4R R~F 6 mm x 0.6 mm,
ME AR R MEE S50 - ARG, FCs 4R R S O g s e . A SRR A A
OB EN 10 Vo 1 MHzo JHAHCLEAE 2 mm 5 T AT, 38 5 oo i V6 2 i SIS [R] #8025 vl
2, i 3 iR

DRSAUAN [R] 5 i 2 26 A, AECRIFIMNE RN 5 70 A B S MEA R AT S T, i PR 42 e B e X —
H, BRI RO RWE 2 B, A7 EE S HE LREEN 60%, FEFRERMNT: H—, ZHAAL
PR, Bl S E L, IR, TRVETEEE N R A AR T R, HRA
FFES I H o, ESERREh T, ST 60%a 5 R EERIE, SEURAEMARA K
A RS, RERE T 240 AR R R A AT HE IR 12] (137 (R, A EAEAY F 5 i A8k Y B E 60%
KUAR o AR 20 BB LIS 4, 19 B0 [FHAR & 2 R A g R an &l 5 B

TR B

TR IR
O O O
O O O
O O O
o 0 o FEALL I
O O O
O O O HEFL K AR
O O O
O O O
O O O

Figure 3. Oil-water two-phase flow simulation model (10% oil volume fraction, O/W with uniform distribution)
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Table 2. Correspondence table between oil volume fraction and the number of oil bubbles
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Figure 4. Simulation model
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Figure 5. Simulation results of sound pressure for O/W flow pattern
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Figure 6. Simulation results of the variation of ultrasonic attenuation coefficient with oil volume fraction
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Figure 7. Uniform oil-water mixing state
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Figure 8. Experimental results of the variation of ultrasonic attenuation coefficient with oil volume fraction
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Figure 9. Oil-water two-phase flow simulation model (10% oil volume fraction, O/W with uniform distribution)
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Figure 10. Simulation results of sound pressure for W/O flow type
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Figure 11. Simulation results of W/O flow type ultrasonic attenuation coefficient variation with oil volume fraction
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Figure 12. Ultrasonic attenuation coefficients with different dynamic viscosities (20% oil volume fraction)
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