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A high power ultrasonic transducer for viscosity
reduction of heavy oil
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Abstract: Based on the basic principle of the sandwich piezoelectric transducer, a high-power ultrasonic horn, which can
be used for the viscosity reduction of heavy oil and the pour-point reduction of high pour-point oil, is proposed and de-
signed. The basic frequency of the horn is 16.8 kHz, and the input electrical power is 1 kW. It can work continuously in
an environment of 100°C on the industrial scale. Firstly, according to the working environment, the model of the ul-
trasonic horn is designed, and based on the equivalent circuit method and the transfer matrix method, the parameters of
the horn meeting the resonant frequency condition are calculated. Secondly, the best working mode and frequency are
determined by modal analysis and harmonic response analysis of the finite element simulation software ANSYS. Ac-
cording to the simulation, a prototype is made and measured by an impedance analyzer. Its basic frequency is in good
agreement with the simulation calculation. The result shows that this high-power ultrasonic horn is expected to be ap-
plied in heavy oil viscosity reduction and ultrasonic sludge disintegration on an industrial scale.
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Fig.1 Sketch of the transducer structure
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Fig.2 Electromechanical equivalent circuit diagram
of the transducer
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Table 1 Parameters of the first part of the transducer

|4 L EL%/mm 4% /mm KB /mm
L, 452 63 / 23
1,  PzT8 60 20 21
1,  PzT8 60 20 21
I, 4 68 / 58
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Fig.3 Sketch of the first order horn
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Table 2 Parameters of the second part
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Table 3 Parameters of the third part

B #E AMEmm BE/mm EIES/mm K E/mm

I, tk&® 60 / / 70
L, tkae  / / 12 9.5
I, $kede 35 / / 68

2 EeAR BT SR

AR e 2 BT IR B R TE K T 26 i A B
NI AR, ATERARCAEEARE,  EARF A AR A4
(1 25 (1 LA 480 K TR AR 2 BB o I 5 AR 1) 9 e B
R, (HRMENSHERL, 7EmiEAM R TE
2 S EERE AR B I m s TAERR, JUH Y
I AR WL A S . A T B R AN RE AR TE
W TR RIS T TARRE M, AT T R E
S RHRE TR0 — AR MR R, R SR
AN HPERLE /N, HBRREI=1524 W (mK) !,
AR 114, TSRS 4 00 SRR B 1) T
R TR 50%, HEARMN R, K&
F=4EE MK 4 s .

FE AR AT R (R B i 2 R A, R B
TAER A 2 P AT e e RS R A
PEH BT TR B AL G5 M, XN T
T o R LU R A IR R o A, BRI 2L K
o N T HRETHEREE, MY FRRr
Yo =R AGCY E S BRI 12 48P,



54 M

RUFESF: — P RT I i P (K K T 5 P e e 2 Uit 473

4 JRNRAT =R

Fig.4 Three dimensional model of the second order horn
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Fig.5 The half two dimensional model of the transducer
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Fig.6 Modal analysis of transducer longitudinal vibration
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Table4 Equivalent stress and displacement at different places
of the transducer and at different resonance frequencies
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Fig.8 The frequency response curves of equivalent stress at the
piezo-electric stack and at the horn connection
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Fig.10 Admittance curve of the transducer measured by
PV70A impedance analyzer
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Table 5 Comparison between experimental, simulated
and theoretical resonance frequencies
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