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MECHANICAL MEASUREMENTS

CONTACTLESS MEASUREMENT OF LOW
LIQUID FLOW RATES

I. V. Volkov, V. P. Zayarnyi, UDC 681.121
A. M. Makarov, and N. V. Kobzev

A sensor for precise measurements of low flow rates of specialized liquids, including medical liquids, is
developed. Through the use of the sensor; it is possible to automate the process of precision dosing of liquids
in real time.
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Special attention is now being paid to the problem of increasing the efficiency and precision of measurements of the
rate of flow of liquids [1— 3]. Precision in the measurement of low flow rates of liquids is of great importance in the chemi-
cal and biochemical branches of industry and in medicine, for example, for measurements of the rates of flow of solutions of
medicines in infusion systems, liquid chemical substances, including catalysts and titers when dosing medicinal compounds,
solutions, etc. [4].

Existing methods of measurements and devices for implementing these methods [3, 5-7] suffer from a number of
drawbacks, for example, large overall dimensions of the devices and the complexity of their construction, low precision of mea-
surements of low flow rates of liquid, and low sensitivity. In addition, with the use of the contact method of measurement,
which is employed in practically all devices, a sensor cannot be employed in corrosive and toxic media. These drawbacks
reduce the precision with which low liquid flow rates are measured and limit the range of application of the sensors.

A measurement instrument by means of which high precision may be achieved and, at the same time, an output sig-
nal from the sensing element transformed for subsequent processing, analysis, and generation of control actions is needed for
automatic control of the rate of flow.

A sensor [8] of low liquid flow rates (Fig. 1) has been developed to realize precise measurements of low flow rates
of specialized liquids. The sensor consists of a case 3 with opaque covers /, /4 within which mounting screws 2, 13, lens
mounts 4, /2, and plates with slit-like horizontal slots 5, /1 are installed. A transparent element § is situated in an opening
22 perpendicular to the axis of the case 3. A source of radiation (laser light-emitting diode) 20 with leads 21/ is placed in
mounting screw 2 while a photodetector (optoelectronic transistor or photodiode) /6 with leads /5 is placed in mounting
screw 4. A scattering lens /9 designed in the form of a glass cylinder is mounted in lens mount 4 and a collecting lens /7 in
lens mount /2. The translucent element 8 is supplied with an inlet 9 and outlet /8 for liquid and a drop former /0. The two
lens /7 and 19 and the two plates with slit-like horizontal slots 5 and 7/ form an optical system 6 that transforms the light
flux from the radiation source 20 and creates a measurement plane 7 within the transparent element 8.

The diameter of the transparent element 8§ must be at least three times the diameter of a drop of the liquid being mea-
sured and must be greater than the length of the slots in plates 5 and /1. The length of the slot in plate /7 is slightly greater
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Fig. 1. Sensor of low liquid flow rates with cylindrical transparent element: /, /4) opaque covers;

2, 13) mounting screws; 3) case; 4, 12) lens mounts; 5, /1) plates with slit-like horizontal slots;
6) optical system; 7) measurement plane; 8) transparent element; 9, 18) inlet and outlet, respectively;
10) drop former; 15) photodetector; 16) photodetector leads; /7, 19) collecting and scattering lens;
20) radiation source (laser light diode); 27) leads of radiation source; 22) opening.

than the length of the slot in plate 5. The length of the slots in plates 5 and /7 is less than the diameters of the scattering /9
and collecting /7 lens.

To increase the measurement precision, the height of the slot in plates 5 and 7/ must be decreased and the length of
the slot in plate // must be made commensurable with the projection of the shadow of a drop of the liquid. Relative dis-
placement of the slots is not permitted, since this would lead to a reduction in the sensitivity and precision of the sensor.

The low liquid flow rate sensor functions in the following way. As it passes through the scattering lens 79, light
beams from the source of radiation change direction, becoming nearly parallel and turn into a light flux. Passing through the
slot in the plate 5, the light flux then assumes the form of a measurement plane that passes through the transparent element,
partially refracting and scattering on the walls. Once a drop that has been created by the drop former falls on the measure-
ment plane, the light flux is distorted and its intensity falls. After traversing the transparent element, the light flux passes
through the slot in plate /7 and the collecting lens /7. This makes it possible to focus the light flux in the form of a beam,
which guarantees it will reliably fall on the photodetector’s photosensing element. Because of the presence of the slot in plate
11, scattering of the light flux in the vertical plane can be eliminated, which makes it possible to create additional irradiation
of the photodetector, which worsens the metrological characteristics of the device. The system of opaque lens mounts and
plates 5 and /7 promotes nonpropagation of the light flux from the radiation source into the entire volume of the sensor case
as well as its precise focusing.

Pipes lead to the inlet and outlet 9 and /8 of the element 8. Liquid from the inlet in the form of drops created by the
drop former pass through the measurement plane of element § and are drained through outlet /8. A signal from the mea-
surement plane in the form of a distorted light beam falls on the photodetcctor /6 and is transmitted to an analog-to-digital
converter, where it is transformed into the liquid flow rate.
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The thickness of the plates with slots 5 and /7 is selected from the condition:
A<h << Hj;
o (1)

where hp is the thickness of plates 5 and /1; A, wavelength of source of radiation; Hy, drop height of liquid drop; v, rate of
fly-over of drop; and 75, total conversion time of analog-to-digital converter.

A number of conditions must be observed in the course of calculating the volume of a drop V; to assure a high degree
of precision of measurement of the volume of a drop:

m
2,.
Va :J((UOADC_UADC)/UOADC) k;

) @)

m=Hy/(vgtapc);  Upapc >Uapc:

where Uyppc is the normalized signal of the photodetector; U, the photodetector signal in measurement of a drop at a
particular moment of time; k, correction factor of volume; and m, total digitization number of signal.

In addition,
Uapc/Upapc ~ Dy/Ly 3)

where Dy is the projection of the shadow of a drop in the field of vision of the photodetector, and Lp is the length of the plate
with the slot.

From (1)-(3), it follows that, in order to increase the measurement precision, the thickness of plate 5 must be
decreased and the length of plate // made commensurable with the projection of the shadow of a drop.

Today there exist a number of different methods of infusion introduction of medicines into the patient’s organism, where
the rates of introduction of the medicine differ and are determined by special requirements. The simplest and least expensive
method of introducing medicines is by means of drop infusion systems. In the newly developed device, the drop chamber of an
infusion system corresponding to the standard [9] mounted in the conical opening of the case [8] may function as the transparent
element with a measurement plane, drop former, and inlet and outlet. This makes it possible to expand the range of application of
the sensor and use it, for example, in medicine to monitor the flow rate of liquids and the flow of blood and its components.

With such a design, the device executes the following functions: measurement of the quantity of released drops; deter-
mination of the rate of dosing of a solution; diagnosis of the operation of a drop system (variation in flow of liquid, overflow
of drop chamber, etc.); and prediction of the time when infusion has been completed. By comparison with existing devices, the
use of the proposed device produces an increase in the precision with which low liquid flow rates are measured, achieved by
an increase in the number of discrete transformations, as well as the values of signal digitization as a consequence of the use
of an optical method of measurement. An expansion of the range of measured values of low liquid flow rates is also achieved.

Because the measurement plane is created within a transparent element that is not in contact with the optical system,
a contactless method of measurement can be realized, which significantly expands the range of application of the sensor and
makes it possible to use it for measurement of low flow rates of practically any liquid, including in corrosive and toxic media.

The use of the newly developed device for measurement of low liquid flow rates creates conditions for complete
automation of the process of precision dosing of different liquids, including medical liquids, and makes it possible to man-
age the dosing process in real time.
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