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(57) Abstract: A system using ultrasonic
energy for detecting and quantifying air bubbles 
and/or particles in a liquid flowing in a tube by 
a non-invasive and non- destructive technique 
has an ultrasonic sensor having piezoelectric 
transmitter and receiver elements placed opposing 
on the outside of the tube wall and energy in the 
ultrasonic frequency range is transmitted from 
the transmitter element to the receiver element. 
The received ultrasonic energy is amplified and 
detected and preferably split into a steady state 
(DC) component and a varying or transient (AC) 
component respectively indicative of the absence 
and the presence of an air bubble or a particle 
in the liquid. The two components of the signal 
are applied to an A/D converter whose output is 
supplied to a microprocessor which uses the digital 
data that corresponds to the presence of the varying 
transient component to indicate the presence of 
an air bubble and/or a particle and to measure its 
characteristics. The presence of the steady-state 
component indicates that the system is operating 
properly to providing a continuous self check 
against any system malfunction.
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Field of the Invention

The present invention is directed to a system using ultrasonic 

energy for detecting and quantifying air bubbles and/or particles in a liquid 

stream.

Background of the Invention

Medical and industrial developments have created a growing need 

for detecting and analyzing air bubble and/or particles in a flowing liquid. 

Industrial applications include products such as engine oil and hydraulic fluids 

where particle contamination can deteriorate performance. In the medical field, 

detection of air emboli in blood during kidney dialysis or heart-lung transplant 

surgery is a function that is necessary to accomplish.

Accordingly, a need exists to provide a system that is able to 

detect air bubbles and/or particles present in a liquid stream. It is also 

desirable that such a system be as simple and inexpensive as possible.

Brief Description of the Invention

The present invention is directed to a novel system that uses 

ultrasonic energy for detecting and quantifying air bubbles and/or particles in a 

liquid flowing in a tube by a non-invasive and non-destructive technique. In 

accordance with the invention, an ultrasonic sensor is placed on the outside of 

the wall of a tube in which a liquid is flowing. The sensor has piezoelectric 

transmitter and receiver elements. Energy in the ultrasonic frequency range is 

supplied to the transmitter element which transmits the ultrasonic energy 

through the tube wall and the liquid flowing in the tube to the receiver element. 

The signal from the sensing element is amplified and detected, preferably by a 

full wave detector. It includes a steady state (DC) and a varying or transient 

(AC) component, the former being indicative of no air bubble or particle being
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present in the liquid stream and the latter being indicative of the presence of an 

air bubble or a particle in the liquid.

In a preferred embodiment of the invention the signal produced by 

the detector is separated into two components, one being the steady-state DC 

and the other being the transient AC. The two signal components are applied 

to an analog to digital converter whose output is supplied to a microprocessor 

which uses the digital data that corresponds to the presence of the varying 

transient component to indicate the presence of an air bubble and/or a particle 

and to measure characteristics of the air bubble and/or particle. The presence 

of the steady-state component indicates that the system is operating properly 

thereby providing a continuous self check against any system malfunction.

Brief Description of the Drawings

Other objects and advantages of the present invention will 

become more apparent upon reference to the following specification and 

annexed drawings in which:

Fig. 1 is a block diagram of the system of the invention;

Fig. 2 shows the signal output of the sensor receiver element in a 

liquid flowing through the tube without any air bubble or particle being present 

in the liquid;

Fig. 3 shows the sensor signal output with a transient disturbance 

caused by the presence of an air bubble or particle in the liquid flowing in the 

tube;

Fig. 4 shows the steady state (DC) component of the detected

signal; and

Fig. 5 shows the transient or AC component of the detected 

signal caused by the presence of an air bubble or particle in the liquid flowing 

in the tube.

Detailed Description on the Invention
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Fig.1 shows a tube 10 in which a liquid 12 is flowing. The liquid 

12 can be, for example, water, oil, hydraulic fluid, blood or saline. A plurality 

of air bubbles or particles 14 are shown in the liquid stream 12. An ultrasonic 

sensor formed by a pair of piezoelectric elements 16 and 18 is mounted

5 diametrically opposed on opposites sides of the outer wall of the tube 10. The 

transmitter element 16 producers a relatively narrow beam of the ultrasonic 

energy in the height, or length, dimension of the tube 10. The sensor elements 

16 and 18 can be affixed against the outer surface of tube 10 in which the 

liquid 12 is flowing by any suitable mechanical arrangement either individually

10 or both elements can be in a housing that is clamped around the tube. In a 

preferred embodiment of the invention, the elements are mounted against the 

tube outer wall without using an ultrasonic conductive compound between the 

elements and the tube wall outer surface.

In a practical application of the invention, the tube 10 is metal or

15 glass rigid tubing or plastic rigid or flexible tubing ranging from 1/16" (1.6mm) 

to 1 /12"(1.2mm) inner diameter. The outer diameter of the tube is set by the 

type of material used and other factors. As seen, the elements 16 and 18 of 

the ultrasonic sensor do not come in contact with liquid flowing in the tube. 

This provides contamination free operation in operation since there is no

20 contact with the liquid.

The piezoelectric transmitter element 16 on one side of the tube 

10 receives ultrasonic energy of a known frequency, for example from 1mhz to 

10mhz, provided by a clock type circuit 20 through an AND gate 22. The 

energy can be supplied to the transmitter element 16, either in a continuous or

25 burst mode as controlled by a microprocessor 80. The microprocessor 80

provides a gating signal on line 23 to the AND gate 22. When the AND gate is 

turned on by the signal online 23 the ultrasonic energy is transmitted by the 

transmitter element 16 through the tube 10 and the liquid 12 flowing in it to be 

received by the piezoelectric receiver element 18 which converts the received

30 ultrasonic energy to an electrical voltage signal. All of this is well known in the
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art.

The output signal of the sensor receiver element 1 8 is applied to 

the input an amplifier 26 which preferably is the type that can handle high 

frequency signals, such as an RF amplifier. The output of amplifier 26 is 

applied to the input of a gain controlled amplifier 28. The output of amplifier 

28 is applied to the input of a detector circuit 30, preferably of the full wave 

type. A full wave detector is preferred because the transient signal varies both 

in a positive and a negative direction depending upon the type of bubble and/or 

particle and the ultrasonic energy also varies plus and minus. The detector 

circuit 30 is keyed off by a signal from the microprocessor 80 over line 31 

during the time that the AND gate 22 is keyed open to provide ultrasonic 

energy to the sensor transmitter element 1 6. A portion of the detector 30 

output signal is fed back to gain amplifier 28 through an AGC (Automatic Gain 

Control) circuit 32. This keeps the gain of amplifier 28 constant.

Considering the case when there is no air bubble or particle 14 in 

the liquid 12 flowing in the tube 10 in the area in which the ultrasonic energy 

is transmitted through the liquid by the transmitter element 16, the output of 

the detector 30 will be a steady-state or DC signal. This is shown by line A in 

Fig. 2. Fig. 3 shows the voltage at the output of the detector 30 having both a 

DC component (line A) and an AC component B representing both steady state 

and transient conditions of. the liquid 12 flowing through the tube 10. A 

transient condition occurs when an air bubble or particle passes through the 

ultrasonic energy path between the transmitter and receiver elements 16 and 

18.

In a preferred embodiment of the invention the output of the 

detector circuit 30, such as shown in FIG. 3, is supplied to a conditioning 

circuit 36 which splits the signal at the output of the detector 30 into two 

separate components, one being the steady-state DC component A, as shown 

in Fig. 4, and the other being the transient component B, as shown in Fig.5. 

The conditioning produces a buffer output for the DC component of the signal
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received from the detector 30. It includes a DC component subtracting 

amplifier to null the DC component close to a zero value and pass only the AC 

component which is amplified by another amplifier. This is done to make the 

AC component have a full scale value for conversion to a digital value by an 

analog to digital (A/D) converter, as described below. This permits use of a 

less sophisticated A/D converter such as of the 8 to 10 bit type.

The output of the conditioner circuit 36 being the original signal 

split into its DC and AC components is supplied to the respective buffer 

circuits 37 and 38. The presence of the steady-state signal at the output of 

the buffer circuit 37 is representative of total system performance and 

provides a continuous self check. That is, if any electronic component of the 

system, such as the amplifiers 26 or 28, detector 30 or condition circuit 36, 

fails, or one or both of the piezoelectric transmitter and receiver elements 16 

and 18 disbond, the output of the buffer circuit 37 will be zero indicative of a 

failure condition.

it is possible to operate the system without using conditioning 

circuit 36 that splits the signal into the two components. However, this 

requires a more sophisticated, and therefore more expensive analog to digital 

converter and microprocessor. Operating the system without splitting the 

signal into its components can still provide a continuous self check of system 

operation, but will require a higher precision A/D converter, such as of the 

more expensive 12 - 16 bit type to characterize the bubble or particle size 

since the full scale input of the A/D converter becomes a limitation. For 

example, if the A/D converter has a 2 volt full scale input limitation then the 

DC component will take 50% leaving only 50% for the AC component, thereby 

limiting the characterization of the bubble or particle..

The outputs of the buffer circuits 37 and 38 are supplied to the 

input of a high-speed analog to digital (A/D) converter 40. The A/D converter 

40 can be a separate component or can be part of the microprocessor 80. The 

A/D converter 40 operates on a continuous basis relative to the signal
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components that it receives, for example, sampling every 10 microseconds, 

and supplies digital data to the microprocessor 80 for indicating the presence 

of and for analyzing and quantifying the size of an air bubble or particle. The 

microprocessor 80 has an output 82 which can be provided to any suitable 

type of a display for viewing by an operator of the system

In operation of the system, when an air bubble or particle 14 

passes through the ultrasonic energy path established by the transmitter 

element 1 6, the standing wave envelope will be disturbed to produce a 

different standing wave pattern. The amplitude of a signal received by the 

sensor receiving element 18 decreases as changes occur in the phase shift and 

acoustic attenuation as the ultrasonic energy is generated in the liquid flowing 

in the tube 10. That is, the presence of an air bubble or particle will interfere 

with the ultrasonic energy produced by the transmission and reception of 

ultrasonic mechanical energy across the tube carrying liquid. An air bubble 

and/or particle will block a portion of the mechanical energy depending upon 

the volume/diameter of the air bubble and/or particle and amount of mechanical 

block. The change in the amplitude of the received signal caused by 

perturbations due to an air bubble and/or particle 14 present in the liquid 12 is 

detected by the high-frequency amplifier 26, gain controlled amplifier 28, and 

detector circuit 30.

Microprocessor 80 acts like a pulse height analyzer as it receives 

the digital data from the high speed A/D converter 40. The amplitude height 

change of the transient signal relative to the steady-state detected by the 

microprocessor by the sampling of the signal component received from the 

buffer circuit 38 reflects the size of an air bubble and/or particle. The 

microprocessor 80 also is programmed to operate to measure the duration of 

the transient signal and its change in amplitude over time thereby quantifying 

the volume or diameter of the air bubbles and/or particles. That is, different 

size air bubbles and particles produce different transient signal amplitude due 

to their relative cross sectional area. A particle and/or air bubble having a size
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greater than λ/3 (λ: wave length) of the frequency of the ultrasonic energy 

supplied to the sensor transmitter element 16 can be detected fairly reliably by 

the system of the invention.

The microprocessor 80 also can be programmed to count the 

number of air bubbles and/or particles that are flowing in the liquid stream and 

this can be done on a per unit of time basis. The total volume of air bubbles 

also can be computed, this being useful in some types of medical procedures.

The system of the invention has numerous advantages. These 

include: continuous in-line monitoring, flow rate independency and the ability to 

handle all fluids including opaque liquids. Another advantage is the elimination 

of contamination associated with an invasive sensor, that is, one that has an 

element that comes into contact with the liquid. The system is useful for 

various medical application in which accumulated air volume has to be 

precisely calculated. In a typical application where the liquid is water, blood or 

saline solution, using ultrasonic energy and a frequency of 10mhz where an 

ultrasonic wavelength is about 0.1 5 mm the system can detect air bubbles 

and/or particle size from 0.075mm diameter and larger.

Specific features of the invention are shown in one or more of the 

drawings for convenience only, as each feature may be combined with other 

features in accordance with the invention. Alternative embodiments will be 

recognized by those skilled in the art and are intended to be included within the 

scope of the claims. Accordingly, the above description should be construed 

as illustrating and not limiting the scope of the invention. All such obvious 

changes and modifications are within the patented scope of the appended 

claims.
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I CLAIM:

1. A system for detecting the presence of an air bubble and/or 

particle in a liquid flowing in a tube, comprising:

5 an ultrasonic sensor of a transmitter element and a receiver

element mountain on the outside of the tube opposing each other;

a generator of ultrasonic energy supplied to the said transmitter 

element and transmitted through a liquid flowing in the tube to be received by 

the receiving element and be converted into an electrical signal that is of a

10 steady-state component when there is no air bubble and/or particle in the liquid 

and is a transient state component when an air bubble and/or particle is 

present;

an amplifier for amplifying the electrical signal from said sensor 

receiving element;

1 5 an analog to digital converter to convert the signal from the

output of said amplifier into digital data; and

a microprocessor responsive to the digital data to detect the 

presence of an air bubble and/or particle in the liquid by a change in the 

amplitude of the signal at the output of said amplifier.

20

2. The system as claimed in claim one further comprising a 

detector circuit that receives the signal from the output of said amplifier, the 

output of said detector circuit being applied to said analog to digital converter.

25 3. The system as claimed in claim 2 wherein said detector

circuit is a full wave detector.

4. The system as claimed in claim 2 further comprising a 

conditioning circuit splits the signal at the output of said detector circuit into

30 separate steady-state and transient component signals.
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5. The system as claimed in claim 3 further comprising a 

conditioning circuit splits the signal at the output of said full wave detector 

circuit into separate steady-state and transient component signals that are 

applied to said analog to digital converter.

6. The system as claimed in claim 1 wherein said ,

microprocessor operates to detect the failure of the system in response to the 

absence of the steady state component.

7. The system as claimed in claim 3 wherein said 

microprocessor operates to detect the failure of the system in response to the 

absence of the steady state component signal.

8. The system as claimed in claim 5 wherein said 

microprocessor operates to detect the failure of the system in response to the 

absence of the steady state component signal.

9. The system as claimed in claim 1 wherein said 

microprocessor operates to determines the characteristics of an air bubble or 

particle based on the characteristics of the transient component.

10. The system as claimed in claim 3 wherein said 

microprocessor operates to determines the characteristics of an air bubble or 

particle based on the characteristics of transient component signal.

11. The system as claimed in claim 5 wherein said 

microprocessor operates to determines the characteristics of an air bubble or 

particle based on the characteristics of the transient component signal.
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