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Phe ultrasonic Doppler-shift flowevelocity meter is & blood vel-
ocity measuring instrument and does not measure wvolume flow. This
paper discusses the factora which must be considered when attempting
to convert the instrument intc a blocd-flow device.

It can be shown that for coplenar emitting and recelving trens-
ducers the resultant Doppler-shift signal is glven by:

Af = 2fV cos g a
[

Doppler shift frequency
incident frequency
velocity of streamline in
vassel
velocity of sound in blood
angle of inclination of the
probe to the direction of
tlow of blood.

In order that the instrument will read volume flow the following
parameters must be known:-
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{1) the mean velocity V across the cross-section
(2) the inclination of the probe to the blood-vessel
(3) the diameter of the blood vessel.

{1) Measurement of ¥V

It has been shown previcusly (Gosling et al 1969) that under
certain conditions the velocity measured by the frequency-dc convert-
er is close to but slightly higher than the mean velocity V. The
read out from the converter will approximate YV if:

(i) there is no axial migration of the blood cells

{ii) there is no amplitude enhancement of the higher frequency
signals due to beam/vessel geometry

{iii)there is no signal "drop out".

(iv) there is no distortion of the signal due to the audio band-pass
charagteristics of the converter.

There are two alternstives to a freguency-dc converter a) audio-
frequency enmlysis (sonogram), b) a maximum frequency follower,
These techniques are discussed.

(1) Axdal migration:

Taylor {1955) and Bayliss {1959) have shown that in steady flow
there is a migration of blood cells towards the axis of the flow tube
Goldsmith and Mason (1962) showed that for deformable ligquid drops
flowing in a non-uniform velocity gradient, both in steady and
pulsatile flow, there is a migration of the drops towards the flow-



A method for finding ¢ i discussed. ZIssentizlly thit consists of
mounting twe small probes side by cside, cne inclined upziream and
the other downstrecm. Zy consideration of the velecitizs pensured
by each probe it is possible to find @.

(3) Measurerment of vessel diampeter

Fulsed sonar tocinigues have been used to measure the diameters
of the carotid artery and the abdominal aorta and it is hoped teo
extend the measuresients to other major vessels such as the common
femoral, popliteal and posterior tibial argeries,
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tube axis. BSuch a migration of the red bleod eells could account for
the observation that the maximum amplitude Doppler-shift signal is
obtained from the fastest moving blood-cells, It has been shown
(Gosling et al, 1965) that the fresuency-dc converter read out is
weighted towards the frecuency with the maximum amplitude and_as a
result the converter will read higher thar the mean velocity V,
except when the veldecity profile is flat across most of the tube
lumen when Vmax-. V. The scnagraph read out will show o tanding
effect at the maximum freguencics present for edther condition,

{ii) - Amplitude Enhancement due to heam/vessel geometry:

The case is considered in which the emitting transducer and there
fore the ultrasonic beam width is small compared with the vessel
diameter znd the probe 1s directly over the axis of the vessel.

Under these conditieons and with a paraholic velocity profile, 1f~v

there 15 2n even distribution of scatterers across the cross-section

it is shown that from purely geometrical considerations the maximum

amplitude of the scattered signal is from the fastest moving -

particles. This again causes the converter to read higher than V,

and the scnagrarh to show banding at the maxdimum frequencies. The

amplitude weighting funection of the converter is discussed experi- |
mentally and theoretically.

(iii} Signal drop-out:

It has been found that in conditions of steady flow at high
velocities there is & tendency for signal 'drop-out' to occur. If
one considers equal velocity increment annuli across the vessel
cross=section and an even distribution of scatterers it can be shown
that as the velocity gradient increases the number of scatteres in
a8 given annulus decreases. Since the scattered intensity is prop-
artional to the number of scatterers the intensity decreases for any
given velocity mnnulus as the veloclity gradient increases. This
"drop out' will be seen as an equal decrease in amplitude at all
frequencies up to that corresponding to the highest velocity. Thus
the signal to noise ratio in the deppler shifted signal received
from each annulus is decreased, This may degrade the converter
ocutput &ignal or cause complete loss of signal as signal to noize
ratio approaches unity.

{(iv) Audio band-pass characteristics:

The converter velocity/output response is only linear from zero
flow to a value corresponding to a 'drop-out' frequency F, which is
dependent on the audio characteristics of the converter. As the
velocity increases above that which produces a Doppler-shift
frequency F the converter output tends towards a pleteau. The
econverter will not be able to follow frequencies above F and so the
resulting velocity as given by the converter will read lower than the
true value {Gosling et al 1969).

(v} Heasurement of steady flow using the spectrum analyser:

In a steady flow parabolic regime 1t can be shown that V.. is
twice V, (Gpsling 1969), hence fpay/2 i5 related to V and by sub-
stituting 1" the usual Doppler shift equation will yieldvolume flow
if diameter and angle are known. This will be independent of signal
enhancement providing only that the ultrasound beam cuts Vpux at some
point. A spectrum analyser can be used to detect fmax or & maximm
frequency follower used {Gosling, 1969, Flax 1970).

(2) Angle of inclination of the probe to the direction of flow

When the instrument i used transcutaneously it is very difficult
to measure the angle of inclination @ of the probe to the direction.
of flow. @ must be known before the volume flow can be calculated.




