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Absract — A pulve echo uliratonlc denshioueler con megsure the aconstic
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Jrom the densisomeler probe amd fiquid inferfoce. The demsily of the liquid
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this paper, af
Afferent fauling tayer thickness ot shows that when perfarming a discrete
Fourier transform IWFT) on the ecko, the presence of the conlantiniting
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1. INTRUDUCTION

The density of liquids used in certain industrial processes is
mportant information to assure the guality of the end prod-
uct. Let us fot example consider mouthwash.  Particular
mouthwashes consist of waler, glycerin and alcohol in specific
amount. Mixing them by volume might lead w improper mix=
ing sitee, for instance, water might already have been absorbed
by the alcohol und plycerin prior to the mixing. Measurement
of the liquids® density along with volumetric flow or simply
mass flow resolves the issue. Additionally so minimize the
total uncertainty in the process, @ balance check can be pers
formed subsequently to mixing using mass flow information
{1}. Measuring the mass flow or the combination of volumetric
flow and density of the Howing liquids is hence important to
some industrial applications.

There are several meter types capable of estimating mass
flow, each with its own advameages and weaknesses. One type
is an ubrasonte mass fow meter which combines & standard ul-
rmasonic flow meser and an ulttasonic densitometer [2]. The ul-
frasonic densitomcter can be incorperated inte one of the flow
micter's transducers, thus not adding any additional transduc-
ers. Although one can find patents for wlirasonic mass flow
meter dating from the 1950's, they are not a production tem.
Several issucs have afflicted the wtrasonic densitometers, This
puper presems the theory behind the pulse eche ulrasonic den-
sitometer and follows with its drawbacks. The published so-
Iutions to some of those arc discussed. The foul-

Fig. L. Exporimensal setup and lasice diagram

Tatio of the amplitude of the refiected wave Ay at the interface
10 the amphitude of incident wave A, suchthat B = A /A, R,
for normally ingident ulirasonis pulse, is also

=it ar
]

where z, and zy are the chavacteristic accustic impedanee of
the probe and lguid respectively [3). Ths acoustic impedance
for progressive plane waves is defined as the produce gc with
£ being the density of the medium and « the speed of sound
through the medium. This model is for contmuous waves but
has been used in pulse-echo techniques [4-7]. 1f A; and 2,
are previously known while A. is measured then the acoustic
impedance ol the liquid 2 van be caleulated. The density of the
Tiquid gy is simply 2;/c;. ¢, the speed of sound in the liguid,
is obtained by placing 3 reflector within e liquid at & kauwn
distsncs o, The part of the pulse transmitied into the liguid
refleats back from the reflector and < 15 the ratie 2d 1o the time
ing the bwo echocs. Fig 1 shows an illustration of this

ing issue i3 presenicd and a solution introduced. A simulation
setup reveals the problem and supports the proposed solution.

The congept behind the pulse-echo ultrasonic densitometer
relies on the reflection of sound from the imerface that joins
the probe amd the liquid. The coefficient of reflection /2 5s the

(-TR03-7705-2/03/517.00 £2003 [EEE HaE

Sewup with s lattice diagram and the received sigoal.

Beyond this simple idea, theve are issves thar have slowed
the introduction of the ultrasome densitometer into the field.
The ampliteds of the cmiteed pulsc A; can vary, inflycncing
divectly the amplitude of the echo A,. This can oseur with a
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for progressive plane waves is defined as the produce gc with
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are previously known while A. is measured then the acoustic
impedance of the Equid 2 van be caleulated. The density of the
Tiquid gy is simply 2;/c;. ¢, the speed of sound in the liguid,
15 obtained by placing a reflecior within he liguid at 2 kovwn
distancs o, The parl of the pulse transmitted iato the liqud
refleats back from the reflector and < 15 the ratie 2d 1o the time

ing issue 13 presenicd and a solution introduced. A simulation
setup reveals the problem and supports the proposed solution.

The congept behind the pulse-echo ultrasonic densitometer
relies on the reflection of sound from the imerface that joins
the probe amd the liquid. The coefficient of reflection /2 5s the
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Beyond this simple idea, theve are issves thar have slowed
the introduction of the ultrasonic densitometer into the field.
The ampliteds of the cmiteed pulsc A; can vary, inflycncing
divectly the amplitude of the echo A,. This can oseur with a
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