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Abstract

Dispersed phase droplets recovery from an emulsion is widely used in Received: 14 June 2023
various processes such as treating host liquids and collecting dispersed Accepted: 18 November 2023
droplets. This article investigates the effect of ultrasonic waves on Page Number: 10-21

the demulsification of the oil-in-water system. Then a mathematical model
was proposed to predict the number and size of dispersed phase droplets.
The population balance integral equation terms were simplified using
the Fixed Pivot method and the resulting ODE set was solved by applying
MATLAB Software. Using the ultrasonic collision frequency effect, the oil
droplets volumetric distribution profile in 1 and 3 minutes was studied.
In addition, the average droplet diameter D4,3 and the total volume of

Numerical Modeling of the Ultrasonic Waves Effect on Demulsification of ...
Iranian Chemical Engineering Journal — Vol. 23 - No. 136 (2025): 10-21

dispersed phase at 1 min. and 3 min. were reported and the model KeyV\_lords'
prediction was compared with experimental data. The average droplet EmuIS|or_1,
diameter showed that under the ultrasonic waves effect, the average Ultrasonic Waves,
diameter of the drops increased by more than 50% in 3 minutes. Also, Aggregation,
the total volume of dispersed phase results indicates that the total volume Population Balance,
of oil droplets (due to the lack of phase separation) remains constant for Ultrasonic Collision
3 minutes. This result proves the correctness of the newly developed Frequency
mathematical model.
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Initial droplet size
distribution

Transform integro-partial differential equations into
a set of ODEs by fixed-pivot technique

|

Solve the a set of ODEs by
MATLAB software

Final droplet size
distribution
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Figure 1. Flowchart of solving procedure of the of oil droplets coalescence.
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Figure 2. Flowchart of optimization by DE method.
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Figure 3. Oil droplet coalescence after (a) 1 min. (b) 3 min.
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Table 1. The experimental parameters of the oil emulsion
in water system [12].

Properties Value

oil density (10° gr/cmd) 0.9
oil viscosity (cP) 88 +4.6
initial emulsion volume (cm?) 40
initial oil volume (cm?3) 2
temperature (K) 296.15
ultrasonic frequency (MHz) 1.69
ultrasonic field energy density 197
(I/m3)
Boltzmann constant (gr.cm?/s?.K) 1.38 x10%6
number of classes 1=100
geometric size interval 1.0715
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Table 2. Optimal values of the ultrasonic collision
frequency constants.

coefficient parameter
value

0.3521  1.0583  1.0013
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Figure 4. Oil droplet coalescence by considering the ultrasonic
collision frequency effect: after (a) 1 min. (b) 3 min.
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Figure 5. Oil emulsion mean diameter change after 3 minutes.
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