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Measurement of Two-phase Flow using Multi-wave Ultrasound
(Measurement of Bubble Rising Velocity
using Correlation Method)

Hideki MURAKAWA*! Hiroshige KIKURA,
Gentaro YAMANAKA and Masanori ARITOMI

*Tokyo Institute of Technology. Graduate School of Engineering.
2-12-1 N 1-13 Ookayama, Meguro-ku, Tokyo, 152-8550 Japan

In this paper, two types of ultrasonic measurement techniques are attempted to obtain liquid and
gas velocity distributions in bubbly flow. The first attempt is that the both of liquid and gas velocity
distributions are obtained using an ultrasonic basic frequency and its echo signals. In order to
separate the signals reflected on liquid-gas interfaces and particles, thresholding based on the
ultrasonic echo intensity is applied. However, it is difficult to extract completely the echo signals
reflected on the tracer particles. In order to overcome the difficulty, a multi-wave ultranonic
transducer (TDX) is applied. The TDX consisted of two piezoelectric elements that have different
basic frequency. The liquid velocity distribution is obtained using an ultrasonic velocity profiles
(UVP) monitor at 8 MHz ultrasonic frequency, and the rising velocity of bubbles is measured using
cross-correlation method at 2 MHz ultrasonic frequency. Using the technique, both of the liquid and
gas velocity distributions are obtained accurately using the TDX.
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Table 1 Relationship between ultrasonic basic frequency and

diameter of the elements
Basic Wave length Diameter of ultrasonic
frequency (in water, 20°C) transducer
20MHz 0.74 mm 10 mm
40MHz 0.37mm S mm
8.0 MHz 0.185 mm 2.5mm
8MHz(¢3)

2MHz(¢10)

Fig.1 Schematic diagram of multi-wave TDX

/

Flow

—

Transducer

US. Pulser/Receiver | RF signal
DPR-35+
(JSR company Ltd.)
Trigger signal
PRF ; ;}
- Ch.1  Ch.z2
. Digital Oscillo scope
LC-574A 8bitA/DC
(Lecroy Corp) 100MS/sec

Fig.2 Measurement system of bubbly flow using
one ultrasonic basic frequency
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Fig. 4 Schematic diagram of multi-wave measurement system

Table 2 Specification of pulser/receiver

Frequency 2 or§ MHz
Output voltage 300V
Pulse type Negative spike
Pulse repetition frequency 1000 Hz

Table 3 Specification of A/D board

Sampling frequency 100 MS/s
Vertical resolution 8 bit
On board memory 16 MB

Time range 150 ps
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Fig. 5 Schematic diagram of cross-correlation method
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Fig. 6 Liquid and gas separation method using
one ultrasonic basic frequency

Table4 Physical properties of materials

Mass Sound veloci Acoustic

Material ~ density fve impedance

[kg/m’] [ke/(m’s)]
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@arc) 10x10 1500 1.5% 10
Air (0°C) 129 3315 4286

Nylon6,6  1.11x10° 2620 2.86 % 10°
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Fig. 7 Schematic diagram of measurement of bubble rising
velocity using multi-wave TDX
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Fig. 8 Separation technique based on ultrasonic signal intensity
using multi-wave TDX
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Fig. 9 Velocity distribution in single-phase flow measured by
using UVP and UTDC
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Fig. 11 Ultrasonic echo signals in bubbly flow
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Fig. 12 Bubble and liquid velocity distribution by means of one
ultrasonic wave length
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Fig. 14 Average liquid and gas velocity distributions
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Fig. 15 Average liquid and gas velocity distributions
[Dy=52mm]

STEESHEZER L., ZOREY, AR
TRE L EHESHEIC L ARIRNBEFAC L - T,
RIFEEDOHRDEHRIRE TH 5 Z L BHERTE 2. &
7z, R—O&aH S L7 OTRIEALEIZRN T
HEASHIESN TS, Zhud, BERORIERGM
DZERRREI S L CRIARSRE W LITER LT
1Y, ERESRRRENHEERE AFIE T, SaLR
B L RIRREOLGEEDERGEENFHISND Z
LETRLTND., ZF07H, KDL I ESITE
ot B bOOYE, THBEE SR ORI IATREAL
BB TRIE 10 REDY TV v 7T —28hW
EThD.

iz, AFREEROVTERCRT DRIEHEED
xR L. ®14, 1512 D, =33 mm, 52 mmiZ
L AREREFNEN Y. UVP Z VT multi-wave
TDX DNEF § MHz IZ & » TEONIEESAIL,
EHLERT B = LI X o THRABEE SR OHDOE M
BT, RA FRSFITARICRIARITKEL,
RELKIATIZIBVT 4 mm BELLT /NI TEEE
[T B wall-peak, THLLEOTIARE TILHREEH

DMt %E ERT 5 corepeak iIZ72 D Z EHBHIHILTE
DO KEBRCIUT B 14 DS T wall-peak, X
15 D&M T core-peak & 72> TWVD Z L ARER LTV
5. ¥7220Z &%, UTDC (2 X A RIEEE O
b b EMERICIERTE 5. 772, wallpeak D
ZARC B O TR DAHEIC B DRI DB R
B 72 <, —7 core-peak DEAFIZINTIE, Bt
BRI ED D IO T —F Fns TN 2
TENHERTE D, En, RITOEREEZFHATLZ
LR L7 BHRERE DA A Uiz, UVPIC K
2RV OB HANT e~ EE I RIR D E R A
AHETH Y, HERD UVP TIIFHINEEE TH > 72K
BB EMENEEICBW TS, UTDC IZL > TEt
HIFTRETH D Z L BB, LOLARND, e
EIZBWNTH Y TN, WEREY T

UV TEBRRLTND EEXOND.

LLEORER LY, HBIEIC LA RIEERRZ~
NF Uz A TREWRECERT 2L T, 1EkD
UVP % Ao KELEEEFHR & 0 s B s BRI
NARETHD Z & 2R LTz

5. £&O

KR BRI DT e IFE E LT, RUHE
FESHRIC RS TEIREISARBETE, AR EHANC UVP 2@
Lz T = A TRERERREL, UTOHMRZ
5.

(1) B—0EAER K% AT 5 TDX & V- A
RS PRIFREORAMT, KIIC L > THEL 25 EE
SRICEEL, HBREOCENPRETHD.

Q) FERBIEL BV E B OBBAIC L 0, FOHRE
DEES L RIS ER L, KISGERESRD
WEEFREL L.

(B)UVP % BV - KA R HANC e, IRARIEREEE R
Ik > TAELBEEDRLEFERL, JNaEEDD
ROEHEZB O T HERE FTRE S LTz,

@FEBIEIC & BEIBEET, UVPITHA TRV HHH]
S5 ms FREONHER L, KA mOEEIFER T
FEINS.

Eil £33
S, BAETRELSASHITE BB K DR
D—ETH 5.
X #R

(1) Zhou, S., et al., Journal of Nuclear Science and
Technology, Vol. 35(1998), pp. 335-343.

— 41—



(2
3
@)
®
©)
@)

2472

Suzuki, Y., et al., Experimental Thermal and Fluid
Science, Vol. 26 (2002), pp. 221-227.

Murakawa, H., et al., Proceedings of Multiphase
Flow Symposium of Japan, (2001), pp. 15-16.
Murakawa, H., et al., Experimental Thermal and Fluid
Science, Vol.29 (2005), pp. 843-850.

Dickinson, RJ. and Hill, C.R., Ultrasound in Medicine &
Biology, Vol. 8,No. 3 (1982), pp. 263-271.

Serizawa, A., et al, Proceedings of International
Conference on Multiphase Flow 91, (1991), pp. 547-550.
Hein, LA, et al, [EEE Transactions Ultrasonics
Ferroelectrics, and Frequency Control, Vol. 40 (1993), pp.
768-775.

SNF Y = A TBEREE B KR ARG

(8) Yamanaka, G., et al., Proceedings of 38" National Heat
Transfer Symposium of Japan, (2001), pp. 275.

(9) Inoue, H., et al., Transactions of the Japan Society of
Mechanical Engineers, Series B (2004), pp. 3196-3206.

(10) Ozaki, Y., et al., Experimental Thermal and Fluid Science,
Vol. 26 (2002), pp. 253-258.

(11) Committee of Ultrasonic Hand Book, Ultrasonic Hand
Book, (1999), pp. 27, Maruzen (in Japanese).

(12) Yamanaka, G., et al,, Proceedings of 7" Triennial Int.
Symp. Fluid Control, Meas. and Visualization, (2003),
D-214.

(13) Murakawa, H., et al., Journal of Nuclear Science and
Technology, Vol. 40 (2003), pp. 644-654.

— 142 —



