KOMI'IOTEPHI MEPEXI | KOMIMNOHEHTW, NPUNAOOBYAYBAHHA

UDC 681.586.773
IMPROVING THE METHOD OF MEASUREMENT OF VISCOUSPILOID SUBSTANCES
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The use ultrasonic method of measuring viscosity for piloid substance control, namely the
method of measuring the viscosity of a substance with the piezoelectric transducers was suggested in
the article. To do this, the transducer is placed in the tested material and the viscosity is measured by
exciting it free oscillations and determining the viscosity number of these oscillations above a fixed
level. To extend the range of measurement devices wer e devel oped the containing ultrasound hubs.
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COBEPUIEHCTBOBAHUME METOJA UBMEPEHUS
HHAPAMETPOB BA3KHUX IIEJIOW/IHBIX BEHIECTB
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Yepkacckuid rocyJapCTBEHHBIN TEXHOIOTUUECKUA YHUBEPCUTET
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B cmamve npeonosceno npumenamo yavmpazgyKogou Memoo usmepeHus 8A3K0Cmu OJid KOH-
Mponsa NeNOUOHbIX Beuecms, d UMEHHO Memoo UMepeHus 6A3KOCMU 8eujecmsd ¢ NOMOubI0 Nbe3o-
neKmpudeckux npeoopazoeameineil. /s smoeo npeodpazosamenb noMewarom @ ucciedyemoe geuje-
CMBO U UBMEPSIOM BA3KOCHb NYMEM B030YHCOCHUsL 8 HeM C80D0OHBIX KOAEOAHULL U ONPeOesiom 6513-
KOCMb 1O YUCTY IMUX KOIeOAHUI, NPesbluatouux uKCUpo8anHulil yposens. [l pacuupenus ouana-
30HA UMeperull pazpabomaHvl YCmpoucmad, cooepaicawyue YIbmpasgyKosvle KOHYEHMpamopbl.

Knrouesvie cnosa: ea3xocms, 8UCKo3UMeEmMp, Nbe303IeMeHM, YIbMPA38YKOBOU KOHYEHMPAmop,
epAzeneuerue, neiouobsl.

Introduction. Mud therapy is called pilotherapy from the Greek. pilos — silt, clay, therapio —
treatment. Mud therapy is one of the oldest methods of treatment using natural remedies. As a kind of
treatment mud was firstly used in Ancient Egypt, Ancient Rome, India and other countries. In Ukraine
mud therapy has been applied since the X111l century using the mud from Crimean lakes. Therapeutic
muds are used in spa resorts, as well as in physiotherapy in hospitals in Ukraine as a kind of out resort
mud therapy [1].

Therapeutic muds or piloids — substances produced in natural conditions under the influence of
geological processes. They are used for medicinal purposes in the form of baths and local applications.

Peloids (muds)
Inorganic € —»  Compound
> Volcanic
Organic €
Turfy € —»  Artificia

Fig. 1. International Mud Classification

Therapeutic mud — complex physical and chemical dynamic system consisting of three interre-
lated components of mud solution (liquid part), the coarse-dispersion (skeleton) and fine (colloidal
complex).
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Piloids belong to special class of fluids called viscoplastic fluids (VPF). The therapeutic mud
composition, temperature, density and humidity, mechanical strength or other external impact applied
to piloid before or during treatment have an influence on the strength of its structure.

It iswell known, [2] the connection between applied force and intensity of the motion caused by
the matter is characterized by the dynamic viscosity coefficient (Pa). If the dynamic viscosity coeffi-
cient does not depend on driving conditions of a substance and is determined only by its composition
and temperature, such substance is called Newtonian. Newtonian substances include water, lake brine,
significantly dilute mud solutions [3].

The current of viscoplastic fluids, including therapeutic muds obeys different laws. Viscoplastic
fluids (VPF) are structured. It is characterized by the values of normal and shear stresses' limits. When
exceeding, the structure [4]:

1) destroys;

2) viscoplastic liquid startsto leak in the force direction;

3) alayer of material detaches from the walls of the apparatus,

4) the adhesion between the particles of any fluid is broken.

There is a need for controlling the viscosity of mud applications. Now a significant amount of
viscometers is proposed, this is due to a variety of tasks of viscometry and difference of the properties
investigated fluids and plastic bodies. However, not all of them are suitable for measuring the piloids
viscosity. The disadvantages are the inability to measure the viscosity of highly viscous materials
(capillary viscometer), the accumulation dissipate heat in a deformable substance (rotational viscome-
ter) and the complexity of design and method of measurement.

The aim of this work is to use the ultrasonic method for measuring the viscosity [5] of piloid
substances.

Methods for measuring the viscosity of fluids can be divided into three groups [5]:

1. Methods based on measurements of shear stress, which supports constant rate of deformation
under uniform shear.

2. Methods based on the measurement of average speed of the current flow in the flow of given
shape or the velocity of steady motion (falling) of a solid of someform in the infinite viscous medium.

3. Methods based on the measurement of the speed of unsteady movements: observation of the
amplitude decay of the periodic oscillations or the decrease of the rate in aperiodic motion occurring
asaresult of conversion of kinetic energy into heat due to internal friction of the medium.

The classical absolute methods are capillary method, rotating cylinder method, the falling ball method.
In severe cases, when distribution of the velocity or law movement, for example, of arigid body in a
viscous medium, can not be derived analytically from the general hydrodynamics laws of a viscous
medium, the absolute viscosity measurements are not possible.

2 types of devices belong to the 1st group:

- Less than perfect, in which the largest amount of deformation islimited by size of the device;

- Improved methods with unlimited quantity of deformation, allowing to observe the long deter-
mination of the fixed shear rate, for example, in case of highly viscous and dagtic (structured) liquids
(polymers and their concentrated solutions - gels). Such instruments are based on the relative rotation of

coaxial cylinders with radii ryu r,and gap between them Dr = (r,-ry) <<r full of the viscous medium.

Group 2:

- Rotational viscometers, which have gaps of arbitrary width, in contrast to the devices from the
1st group; in case of truly viscous (Newtonian) liquids.

- Viscometers based on viscous medium current in long and narrow tubes (capillaries) of con-
stant circular cross-section. They are usually used for accurate measurements of the Newtonian flu-
ids' viscosity;

- Viscometers based on measuring the velocity of a steady motion of a solid ball in the viscous
medium under the influence of constant external force, in the simplest case - the force of gravity.

Devices of the third group have more complex theory, or do not serve for absolute measure-
ments of viscosity.

The authors propaose us to measure the viscosity of a substance with piezoelectric transducers.
This transducer is placed into testing substance and the viscosity is measured by excitation free oscil-
lationsin it and the viscosity is determined by the number of oscillations exceeding fixed level. [6].

Under pulsed excitation of a piezoelectric transducer there are waves with natural frequency,
damped exponentially with a damping coefficientd:
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The attenuation of these oscillations depends on the losses in the piezod ectric element and on
viscous friction (viscosity) of a substance. At constant value of the internal friction of the piezoce-
ramic (R,) [6] the oscillation damping depends only on the viscasity R,.
Logarithmic decrement D [7] is equal to:
R

D:e‘dT:e'E, (2)

1
where f, — pulse repetition frequency, f,= ?; R=R;+R; L — equivalent inductance of a piezo-

electric dement;
Number of free oscillations No from the initial amplitude A to the amplitude a can be determined

from the expression:
R
e 2lfp = —
a
After simpletransformations, we Il obtain:

NO:2prlna_

The number of oscillations per second:

N=f f 2
R+R

where fpr — pulse repetition frequency; f, — resonant frequency of a piezodectric eement; L —

equivalent inductance.

It follows that we can judge the viscosity by the number of oscillations N.

The viscosity can be considered as manifestation of internal friction of liquids during their
movement, which is the result of great cohesive forces existing between the liquid molecules [8]. In
the case where the contiguous layers of the liquid move at different speeds some force F tending to
align these speeds occurs between them. This force will act slowing down at fast-moving layer, and at
slowly moving bed — accelerating. Obviously, in the simplest case, the force will be directly propor-
tional to the contact surface Sand to the differential rate dv/ dx. Therefore:

dv
F =h de’ 4
where h — viscosity or internal friction coefficient, characteristic for any liquid.

Since piloid substance are sufficiently viscous, there is a need to extend the range of measure-
ments. Several devices containing in addition to ultrasonic piezoelectric transducers concentrators are
developed [9, 10]. These concentrators serve for increasing the ultrasound intensity (oscillatory dis-
placement amplitude).

There are two types of concentrators: focusing or high-frequency and low frequency or rod [11].

Focusing concentrators' action is based on focusing the sound, so there any focusing device —
acoustic lenses, reflectors, etc. can be used.

Rod concentrator action is based on the increasing the amplitude of vibrational displacement of
the rod particles due to the reduction of its cross-section, or density, in accordance to the law of con-
servation of momentum.

Rod concentrators are classified by such characteristics: shape of the longitudinal section, the
cross-sectional shape (circular, wedge, etc.), number of elements with different profile of longitudinal
section (simple, composite, etc.), number of series-connected resonance concentrators of half wave-
length, midline form, type of concentrator oscillations (longitudinal, shear, torsion).

Rod concentrator gain [11]:

Ina, (3)

K=x/Xo,

wherex, and xo — displacement amplitudes at its narrow and wide ends.
Figure 2. Ultrasonic concentrator of torsional oscillations is used as a vibrator in viscosity con-
trol device.
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Fig. 2. Viscosity control device: 1 — piezo; Fig. 3. Viscosity control device: 1 —electrical
2 —torsional oscillations concentrator; 3 —sonde; oscillations generator; 2 —disc piezo transfor mer;
4 —hard traction; 5—vessel; 6 —liquid,; 3 —stepped concentrator; 4 —input electrode
7 —electrical oscillations generator; 8 — meter system; 5 —output electrode system;

6 —meter; 7 —vessel; 8—liquid

Figure 3. A device with stepped concentrator providing the maximum transformation coeffi-
cient. This device can be used to control very viscous substances [10]. The ultrasonic concentrator al-
lows to increase the oscillation amplitude [11]. The hollow concentrator devices with variable inner
section which also serves asavessd for theinvestigated material are also proposed.

Conclusions. Thus, using the ultrasonic measuring method and devel oped devices greatly sim-
plify the procedure of measuring peloid substances’ viscaosity, to increasing the accuracy of measure-
ment. And the application of ultrasonic concentrators allowed to extend the range of measurement.
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JoTid y mpuiano0yayBaHHi, UepkachKuil iepskaBHUIM TEXHOIOTTYHHN YHIBEPCHUTET.

MenseneBa O.51., marictp kadenpu KoM FOTEPHUX Ta iHPOPMAIITHUX TEXHOJIOTIH y mpUiIa1o0ymy-
BaHHI, UepkachKuil iep>kaBHUN TEXHOJOT1YHUH YHIBEPCUTET.
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