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Abstract
Intensity of cavitation is significant in ultrasonic wastewater treatment, but is complicated to

measure. A time difference based method of ultrasonic cavitation measurement is proposed. The time

differences at different powers of 495kHz ultrasonic are measured in experiment in comparison with

conductimetric method. Simulation results show that time difference and electrical conductivity are

both approximately positive proportional to the ultrasonic power. The degradation of PNP solution

verifies the availability in wastewater treatment by using ultrasonic.
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0 Introduction

Ultrasonic is usually used in wastewater treatment

"I During the process of ul-

and ultrasound cleaning
trasonic, a lot of cavitation bubbles generate, grow,
shrink and then collapse under a certain pressure, and

21 Ultrasonic

this phenomenon is called cavitation
cavitation collects the energy of sound field and quickly
releases the energy, which produces a hot spot with
high temperature of 5000K and a high pressure up to
thousands of atmospheric pressure during very short
time (about several ns to ps). The intensity of cavita-
tion is significant in ultrasonic process to control the
sonochemistry production or ultrasonic cleaning effi-
ciency. However, it is hard to measure the intensity of
ultrasonic cavitation simply and directly as the com-
plexity of the acoustic field distribution in an ultrasonic
reactor.

The general methods of measuring ultrasonic cavi-
tation are divided into physical and chemical methods
such as the harmonic method®’ |, the electrical detec-
ting method*" | sonoluminescence imaging method,
and the iodine releasing method'®”'. The cavitation
nuclei in ultrasonic field can be observed directly with

a high-speed photography and three-dimensional holo-

", but is complicated

graphic technology nowadays'"
and costly. In this work, a low-cost and easy-imple-
ment method is presented and is validate comparing

with existing methods.
1 The principle of time difference method

There are many visible micro bubbles generated
during the ultrasonic process because of the cavitation.
The quantity of bubbles is increased as the intensity of
cavitation is increased. Propagation velocities of sound
waves are different in the liquid with different bubble
quantities. Bubbles can be seen as obstacles when
sound waves are propagating through them. The time
difference method is a kind of macroscopic evaluation
method which is suitable for real-time detection in the
ultrasonic process experiment. The differences of sound
transmission time ( At ) in water between with and
without cavitation can be measured. And the intensity
of ultrasonic cavitation can be described qualitatively.

The solution in ultrasonic process is suspending
liquid. When there are some heterogenic things in the
liquid, the velocity of sound travels in the solution can

be expressed as follows " .
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where C is the sound velocity in suspension, C, is the

C =

(1)

B,

sound velocity in pure fluid, n, p and 8 represent vol-
ume concentration, density and bulk compressibility
respectively. The subscript s and [ means suspended
particles and pure fluid.

In order to union the experiment conditions, the
concentration of liquid is expressed as x. So the expres-

sion of sound velocity is rewritten as

C = ¢,

(2)

P, B,
1l —x+~—x)(1 —x +—x
/< +Pl A +,81 )

So the time difference of sound transmission is

At =

é[ /1 +(% +g~‘-z)x+(’;-1>("3~‘-1)x2 -1

1 Bl
(3)

For the small value of x, the square of x can be

neglected ;
L
A= /1+(”-‘+B‘—2)x-1] (4)
! P B
The time difference can be expressed after Taylor
expansions
L p. B
At = 7 (— +— -2)x (5)
26, p, B

The sound velocity in fluid C, is proportionate to
the concentration of suspended particulates. In fact,
for the small amount of suspended particulates, the so-
lution shows liquid characteristics in view of the overall
situation. So C,; can be got from the formula of sound
velocity in fluid C = /K/p.

When concentration of liquid is x, the equivalent
bulk modulus of suspension is K = (1 - x/K, +
x/K,) ™", and the equivalent density isp = p,(1 —x) +

p,%. Then the time difference :

A= 1f /<11<_',x )T (1 - x) +p] - Z>}

(6)

Simplify and neglect the square of x to obtain the

following ;

L[ [+ Dt =) +pa) 1]

L &( /l + prs + K[p[ B 2Kspl
K, Kop,
Using Taylor expansions :

At

x—-1) (7)

p. Kp, + Kp, -2Kp,
=L |7 X
A K, 2Kp, ®)
Eq. (8) shows that the time difference of sound is

approximately proportional to the concentration of micro

bubbles in solution. When the sound transmitting dis-
tance is fixed, the variation of time difference is char-
acterized by the variation of sound velocity. The sound
waves for measuring are quite easily interfered by the
high power ultrasound in a reactor, so some measures
are taken to minimise result errors. The sound frequen-
cy for measuring is 1 MHz to avoid most common fre-
quency for ultrasonic treatment, and the directions of
them are perpendicular to each other. All of the condi-
tions in experiment are strictly controlled except for ul-

trasonic power.
2 Experiments

The experimental facility of time difference meas-
urement is illustrated in Fig. 1. The sending and re-
ceiving transducer are embedded in a cylindrical reac-
tor face to face with distance of 10c¢cm. The sending
transducer is driven by signal generator with a 1MHz
sine wave, and the receiving transducer is connected
with a 1MHz center frequency band - pass filter. The

signal signal power digital
—» — . € filter
generator 2 generator 1 amplifier oscilloscope
Sending — ™ receiving
transdueer transducer
water piezoelectri
transducer

Fig.1 Schematic diagram of time difference measurement
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driving signal and receiving signal are monitored by a
digital oscilloscope, which can calculate the phase off-
set of these two signals. A high power transducer with
frequency of 495kHz is glued at the bottom of a reactor
which is driven by a power amplifier connected with a
signal generator. What’ s more, the lateral wall of ves-
sel is filled with cooling water in order to keep the solu-
tion temperature at (25 1) C.

The high power ultrasonic (495kHz) has impact
on the measuring ultrasonic (1MHz). A band-pass fil-
ter is necessary to convert jitter receiving signal into
stable signal. The receiving signals before and after fil-
tering are shown in Fig. 2.

Receiving signal
(before filtering)

ANAVAWAWA
Vi \J \
Receiving signal
(after filtering)
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\VARVARVERVIRV.

Fig.2 The receiving signals before and after filtering

The signal received by the transducer is monitored
on the digital oscilloscope after filtering out the noise.
In Fig. 3, At, is sound propagation time with no cavita-
tion, which is about 75us. At, is the sound propagation
time during cavitation. When the intensity of cavitation
increases, At, will get longer. . The time difference At
= At, — At, is the result, which represents the intensity
of cavitation.
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Fig.3 The signal waves with cavitation and without cavitation
3 Results and discussion

3.1 Time difference at varies ultrasonic powers
The time difference is measured at different pow-

ers, which are ranged from O to 10W. The results are

shown in Fig. 4. The electric power of transducer is ap-

proximately positive proportional to the acoustical pow-

er at a low range power of transducer' '’

. The changing
trend of At is similar to the changing trend of electrical
power, which means At is proportional to the cavitation
intensity. Meanwhile, when the ultrasonic power is
strong enough, cavitation will be saturated that At will

not increase any more.
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Fig.4 The time difference at different powers

3.2 Comparison with conductimetric method

Conductimetric method is one of the traditional
cavitation intensity measurements and is used to prove
the correctness of time difference method in this paper.
Usually N, and O, dissolved in water from air do not re-
act with each other, but under the extreme condition
caused by ultrasonic cavitation, they can react to form
NO and NO,, which will combine with water molecule
to form HNO; and HNO, , so that the electrical conduc-
tivity changed. The change of the conductivity can be
measured by instrument and reflect the intensity of ul-
trasonic cavitation. The results of sound power, con-
ductivity and time difference are shown in Fig.5,
which indicates that the change rule of time difference
is similar to that of electrical conductivity. The method
presented in this paper is as effective as the traditional
methods.
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Fig.5 The results of sound power, conductivity

and time difference
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3.3 Application in degradation of p-nitrophenol

Cavitation is the primary impetus in ultrasonic wa-
ter treatment. The degradation of p-nitrophenol ( PNP)
was usually investigated in previous research. In this
paper, the PNP water solution is used to be degraded by
ultrasonic as an application of ultrasonic wastewater treat-
ment. The concentration of PNP solution is 120mg/L,
and 300mL of solution is added into the reactor. The
temperature of solution is controlled at (25 £1)°C.
Degradation rate of PNP is measured by a UV-VIS
spectrophotometer. In order to observe the degradation
of PNP solution, the same volume of deionized water is
treated in the same condition and obtains spectrums as
base lines in each experiments. The results of PNP
degradation rate and its time difference are measured
after 60 minutes 495 kHz ultrasonic treatment, and are
shown in Fig. 6. It is obvious that the stronger intensity
cavitation is, the higher degradation ratio of PNP will
be. Usually, the concentration of solution makes sus-
ceptible to the time difference of sound propagation.
But time difference could change if solvent of solution
is organic such as benzene or carbon tetrachloride.
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Fig.6 The results of PNP degradation efficiency
and time difference

4 Conclusions

In this paper, a new method of ultrasonic cavitati-
on measurement is presented. The method applies the
principles of sound velocity changing in cavitation solu-
tion. The time differences of sound at different powers
of 495kHz ultrasonic are measured in experiment, and
are compared with the electrical conductivity results at
the same conditions. It is found that sound power is
approximately positive proportional to the propagation
time difference during the power range in experiment.
This paper sets up an experiment for applying time
difference method in degradation of PNP. The experi-
mental results in this work are valuable reference for
future research when the processing object is aqueous

solution. Investigation of organic solution treatment
using time difference method will be researched in the
future. Time difference based measurement of ultrasonic
cavitations is widely applicable to ultrasonic wastewater

treatment.
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