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Summary

In order to investigate the mechanism of production of the heart murmurs, relationships
between the spectrum of the murmur and that of the ultrasonic Doppler signals of the turbulent
flow in the heart were examined. Autocorrelation of the murmurs and that of the Doppler
signals were also analyzed. Furthermore, in vitro experiments were carried out on hydraulic
models with a nozzle. The correlations between the flow pattern of the turbulent jet from
the nozzle and the characteristics of the murmur which appeared simultaneously on the outer wall
of the tube were investigated.

The spectrum patterns of the diastolic murmur in aortic insufficiency and the systolic murmur
in ventricular septal defect were similar to those of the ultrasonic Doppler signals over the left
ventricular outflow tract or the right ventricle, respectively.

Based on the autocorrelations, it was found that the components with quasi-periodic fluctuation
were contained in the heart murmurs and in Doppler signals, both were apparently random.
Then experimental measurements were made by using a steady flow and pulsatile flow through
nozzles having various shapes and diameters. At the areas, at which the core flow fell into
decay, the axial flow of the jet began to fluctuate and eddies appeared periodically in the outer
portion of the axial flow near the wall of the tube. The most intense and highest-pitch noises
were detected at the same area on the wall.

The most intense area of noise was dependent chiefly on the geometry of the nozzle. The
intensity of the recorded noise was also related to the flow velocity at the exit of the nozzle.

These results suggested that the high speed jet causes a marked fluctuation in width of the
axial flow and that the geometry near the narrowed portion of the tube is a very important factor
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for the intensity distribution of the noise, i. e. for the extent in which the noise was generated.

Kinetic energy of the fully-developed turbulence which developed spatially was converted partly

into acoustic energy. Presumably the acoustic characteristics of the noise produced by the jet-like

flow were related to the number and period of the production of the eddies surrounding the axial

flow.
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Figure 2. Autocorrelation functions of the heart murmurs and Doppler signals of the bleod flow
1: systolic murmur in ventricular septal defect, 2: diastolic murmur in mitral stenosis, 3:
signal from the right ventricle in endocardial cushion defect, 4:
the left ventricule 5: noise generated by the nozzle jet
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Figure 3. Intensity distribution of the noise on the wall of hydraulic models
Axial distance and velocity were normalized by the nozzle diameter and by
minimum velocity respectively.
U: velocity, at the nozzle exit, D: nozzle diameter
The right bottom figure shows relationships between intensity of the noise

and velocity of the jet
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Figure 6. Sound spectrograms of the Doppler signal of turbulent flow in the same experiment asin Figure5
Doppler signals represent a method of direction-display.
The frequency components under 0 frequency represent the forward flow and those above 0 the backward fiow.

Pattern 1: obtained at the exist of the nozzle.

of the nozzle orifice (3.75 D), Pattern 3:

13.75 D,

at the distance of 3. 75 times of the diameter
21.25D

Pattern 2:
Pattern 4 :
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These patterns were obtained by

changing the shutter speed of camera
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STRENGTH
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SOURCES Figure 9. Schematic representation o¢f the rela-
/ tionships between the flow pattern and intensity
(strength) distribution of the noise or extent of
AXIAL DISTANCE the noise source.
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