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(57) The measuring apparatus
comprises at least two acoustic {5’ {1
transmitters (5) in the form of spark :‘\:
discharge acoustic generators, each N
of whicg\ is arrangeg to transmit an s ~—{1 3
acoustic pulse along at least two N
discrete paths to acoustic receivers e —H X
(6), in the form of microphones. s —
. . . ANPLIFIELS
The spatial relationship between wo s P2
them is stored in a geometry data LW TIONINE
store (15). Transmission sequence 3
hardware (8) activates each P 7 Wy
transmitter separately. Amplifiers A remsr | ¥ 3
and signal conditioning units (12) or riMmwe X3S
together with transit timing (10) s N
monitor the transmission and
receipt of the pulse at each 7 - acd
receiver. The travel of the pulse covreoL Prasd i
along each path can be evaluated ARUOUNS Sroes sToes %
and stored in a timing results store . { 5
(13). PRELININARY '«
Calculating means (14, 17) uses 4 |J i vasrss g
the stored travel times and the PO it { 3
. . h AND rELICITY 77 8
known relationships stored in the Lendr | nmnceerver | oecamoiomon ! ¥
data store (15) to calculate values cory [ visaciry PR X

of fluid temperature and velocity

along each path. Thus an averaged
representation of the temperature
and velocity of the fluid can be
evaluated.

The arrangement is particularly
useful in ducts carrying flowing
fluids e.g. flue gases.

The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Fluid temperature and velocity measuring
arrangement

This invention relates to the measurement of
fluid temperature in an enclosure, and more
particularly to the measurement of tempera-
ture and velocity of a fluid flowing in a duct.

During industrial processes it can some-
times be advantageous to have knowledge of
the temperature of a fluid employed in the
process. In addition, knowledge of the fluid
flow velocity can be advantageous. For
example, it is necessary to monitor flue gas
temperature and velocity emerging from an
electricity generator furnace in order to check
burning rates.

Known forms of temperature measuring de-
vices, as disclosed in UK 15605494, employ a
single sound transmitter and receiver mounted
opposite one another in a duct wall. By mea-
surement of the flight time of sound through
the gas across the gap between the transmit-
ter and recesiver, it is possible to calculate the
gas temperature. Nevertheless the device has
a limited accuracy due to fluid turbulence
effects in the gap and is additionally unable to
measure the gas velocity.

It is an object of the invention to provide a
measuring apparatus capable of increased ac-
curacy of temperature and measurement of a
fluid in an enclosure by reducing the effects
on results arising from fluid turbulence in the
enclosure.

It is also an object of the invention to
provide a measuring apparatus capable of
measuring temperature and velocity of a fluid
flowing in a duct. '

According to the invention there is provided
a measuring apparatus capable of measuring
the temperature of fluid in an enclosure com-
prising at least two acoustic transmitters ar-
ranged to each transmit an acoustic puise
along at least two discrete paths to acoustic
receivers, the transmitters and receivers hav-
ing a known special relationship to each
other; means to activate each transmitter se-
parately; means to monitor said transmission
and receipt of the pulse at each receiver in
order to evaluate the travel time of the pulse
along each path; and means to calculate, from
said travel times and said known relation-
ships, values of fluid temperature along said
paths. In this way at least two travel times of
the acoustic pulse across the enclosure are
measured, thereby obtaining an averaged
representation of the temperature of the fluid
in the enclosure. The apparatus can be used
in a duct carrying a flowing fluid wherein the
transmitters and receivers are provided around
a plane substantially perpendicular to the
mean fluid flow direction.

Preferably the measuring arrangement
when used in a duct carrying a flowing fluid
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includes at least three transmitters and
wherein a receiver is provided immediately
adjacent each transmitter so that travel time of
the pulse along each said path can be evalu-
ated for both possible directions of travel, and
said means to calculate is adapted to calcu-
late, from the travel times and the known
special relationship between transmitters and
receivers, values of fluid temperature and fluid
velocity for said paths. Consequently it is
possible to obtain an averaged value represen-
tative of the fluid velocity flow in the duct.
The measuring arrangement can also include
at least four transmitters wherein two of said
at least four transmitters are provided around
a first plane substantially perpendicular to the
mean fluid flow direction and two of said at
least four transmitters are provided around a
second plane substantially perpendicular to
the mean fluid flow direction. In this way it is
possible to obtain an averaged value represen-
tative of the fluid temperature in the first and
second planes, and an averaged value repre-
sentative of the fluid velocity flow in the duct
between the first and second planes.

The acoustic transmitters can include spark
discharge acoustic generators and the receiv-
ers can comprise microphones. In cases where
the fluid is significantly hotter than the work-
ing temperature of the transmitters and receiv-
ers, then the transmitters and receivers can
include thermal insulation from the fluid. The
values of temperature and velocity which are
calculated can be illustrated on a display
means and the values of temperature and
velocity can be evaluated to produce a tem-
perature and velocity distribution. These distri-
butions can also be illustrated on a display
means. The known spatial relationships be-
tween the transmitters and receivers can be
stored in a store means which is accessed by
the means to calculate.

Examples of the present invention are illus-
trated with reference to the accompanying
drawings, in which:

Figure 1 illustrates a perspective view of an
array of sound transmitters and receivers lo-
cated around a gas duct;

Figure 2 illustrates control and calculation
circuitry for the sound transmitters and receiv-
ers shown in Figure 1;

Figure 3 illustrates a receiver located in a
duct wall mounting for a sound transmitter
and receiver;

Figure 4 illustrates a block diagram of a
transmitter which can be mounted in the
mounting shown in Figure 3.

Referring to Figure 1, a gas duct 1 carries
hot furnace gas in a mean direction X with a
velocity V and temperature T . Around the
periphery of the duct in a first plane 2 perpen-

- dicular to the duct longitudinal axis and direc-

130

tion X there are located combined units 4 of
receivers 5 and transmitters 6. Around a sec-
ond such plane 3 displaced from the first
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plane by a distance D, there are provided nected.
further combined units 4’ of receivers 5’ and Before each transmission occurs the control
transmitters 6. unit 7 reads out to a store means 13 the

Control and calculation circuitry of the mea- times contained in each clock in the timing
5 suring arrangemcnt in accordance with the 70 arrangement and then resets the clocks to
invention is shown in Figure 2, aithough not zero. Therefore when a transmitter is activated
all receivers and transmitters are illustrated for to produce an acoustic puise the return pulse
the purposes of clarity. A central control unit via unit 8 starts all the clocks in the timing
7 initiates in a random and discrete way the arrangement and receipt of the acoustic puise

10 activation, from a generating unit 8, of each 75 in a receiver produces a pulse which is
transmitter 5. The unit 8 is connected by a shaped by the means 12 before being relayed :
bus 9 to each transmitter. to the timing arrangement to stop the clock to

The transmitter and its associated circuitry which it is connected. Therefore the contents
is shown in Figure 4 and includes a spark of the array of clocks in arrangement 10 ) @

15 discharge acoustic generator. A horn 40, 80 contain 2 measurement of the travel time of a
mounted in electrical insulation 41, is con- the acoustic pulse along paths from one
nected to a pipe 42 for mounting in a duct transmitter to each receiver in the plane 2.
wall mounting box 30 shown in Figure 3. Consequently at one time or another each .
Immediately adjacent the apex of the horn a transmitter 5 is activated and the travel time )

20 pair of spark electrodes 43, 44 are provided 85 of the acoustic pulse from the transmitter to
facing one another. Electrode 44 is connected each receiver 6 is measured, stored in store
to a loud potential terminal of a charging unit means 13 and subsequently read out for
45 powered by leads 46 connected to a processing. The read out contents of the store
power supply (not shown). Electrode 43 is means are mixed in an analyser 14, with

25 connected, via a pick up coil 47, to the high 90 geometry data and all required information
potential terminal of the unit 45. A rapid which is contained in a store 15. The geo-
discharge capacitor 48 is connected across metry data comprise information regarding the
the high and low potential terminals of the relative spatial geometry of the receivers and
charging unit 45. transmitters, this effectively being the travel

30 When a high potential exists between the 95 path length of acoustic pulses and their rela-
spark electrodes 43 and 44 a spark can be tive angular relationship to one another. Con-
initiated by a trigger electrode 49. The trigger sequently the analyser can evaluate the velo-
electrode is disposed between the spark elec- city of sound transmitted across the duct and
trodes in a way such that when a potential is evaluate a mean velocity from the number of

35 applied to the trigger electrode from a trigger 100 velocity measurements made. By employing
circuit 50, the resultant distortion of the elec- the relation C = KT? for a known gas temper-
tric field between the spark electrodes pro- ature and known sound velocity a value of the
duces electrical breakdown, discharge of capa- temperature along a path in plane 2 can be
citor 48 and consequent spark. The trigger evaluated. These values of temperature can

40 circuit is connected by means of the bus 9 to 105 then be evaluated to produce a temperature in
the generating unit 8. The spark produced has plane 2 which is a simple arithmetic mean or
a short duration of less than 10 microseconds a weighted mean in accordance with the dis-
and the resultant sound wave is emitted down tance travelled. =
tube 42. The spark electrodes have a predet- . The transmitters and receivers in the mea-

45 ermined positioning relative to one another 110 suring arrangement described hereinabove are .
and are located close to the apex of the horn arranged in a plane substantially perpendicu- .
in order to produce an optimum acoustic lar to the mean direction of fluid flow in a -
pulse for receipt at a receiver. duct. In this way the velocity of the acoustic

When a transmitter in plane 2 is activated pulse is substantially unaffected by the velo- .

50 to produce an acoustic pulse, the spark dis- 115 city of the fluid flowing in the duct. it will be
charge is detected in the coil 47 and a return apparent that the transmitters and receivers
pulse from the transmitter is relayed by the need not be located adjacent one another and
unit 8 to a timing arrangement 10. The that in an enclosure wherein fluid flow is
timing arrangement comprises a series of substantially negligable the arrangement of

55 clocks connected by means of bus 11 to 120 transmitters and receivers need not be in a
respective receivers in plane 2 and which plane. Consequently the measuring apparatus
clocks are all started by the return pulse. in accordance with the invention is capable of
Amplifying and signal processing means 12 measuring the temperature of a fluid in an
are provided between each clock and the enclosure. By using an arrangement as de-

60 receivers in order to shape the pulse produced 125 scribed hereinabove the mean temperature
in the receiver when an acoustic puise is can be evaluated to an accuracy of 0.5%
received therein. The receiver pulse is relayed when a total of 8 transmitter receiver posi-
to the timing arrangement and the pulse is tions are used. Clearly the calculations and
shaped by the means 12 to a suitable form so results from the analyser 14 can be displayed

65 that it stops the clock to which it is con- 130 or produced as hard copy on an output means
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16, for example, a cathode ray tube.

A further set of transmitters 5’ and receiv-
ers 6’ are provided in plane 3. The array of
clocks in arrangement 10 are now connected
to respective receivers 6 and 6’. The control
unit 7 initiates separate activation of the
transmitters 5 and 5’ and the receivers 6 and
6’ receive the acoustic pulses from the
transmitters. The clock results are read out as
described hereinabove and separated in ana-
lyser 14 into travel times along one path for
both possible directions of travel of the acous-
tic pulse. By subtraction from one another of
the travcl times of the acoustic pulse in each
dircction a value is obtained bearing a direct
relationship to the velocity of flow of the gas
in the duct. By adding together the travel
times of the acoustic pulse in each direction a
value is obtained bearing a relationship to the
velocity of sound along the path. This value of
velocity of sound is proportional to the square
root of the temperature of the gas, as de-
scribed hereinabove. By suitable analysis. of
the travel times and the angular relationship
of the paths of the acoustic pulses with re-
spect to direction X, which relationships are
stored in store 15, values of gas velocity can
be caiculated and values of gas temperature
can be calculated. These values can be evalu-
ated to produce a mean gas velocity and
temperature between planes 2 and 3 which is
either a simple arithmetic mean or a mean
weighted in accordance with the path length
travelled.

In this way the measuring arrangement can
evaluate both gas velocity and gas tempera-
ture within the duct. It will be apparent that it
is not essential that the transmitter and re-
ceiver pairs are contained in respective planes,
this merely provides a more precise definition
of location of the gas temperature and velocity
measured.

Both the temperature and velocity distribu-
tion of the fluid can be described by Fourier
series with a limited number of terms. In
order to evaluate the temperature distribution,
the coefficients of the terms can be deter-
mined provided sufficient measurements
along different paths of acoustic pulses are
taken to form a consistent set of equations. A
deconvolution means 17 receives values of
fluid temperature from the analyser 14 in the
form of calculated coefficients of the tempera-
ture Fourier series and deconvolutes it into a
temperature distribution. This temperature dis-
tribution may be either two or three-dimen-
sional. The distribution can then be dlsplayed
by the display means 16.

When the transmitters and receivers are
arranged spatially in pairs or when both
planes 2 and 3 include transmitters and re-
ceivers as described hereinabove the deconvo-
lution means 17 receives calculated coeffici-
ents of the velocity Fourier series and demo-
dulates it into a velocity distribution between
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130

planes 2 and 3. This distribution can also be
displayed by the display means.

When the measurmg arrangement is used
for a duct carrying hot gases the receivers and
transmitters are located in pairs as shown in
Figure 3 which may lie in a conmon plane. A
box 30 attached to a duct wall 31 contains
heat insulating material 34 pierced by two
tubular apertures 32 and 33. Aperture 32
receives the pipe. 42 of the transmitter (not
shown) and apertures 33 receives a hollow
sheathed microphone tube 35 having water
cooling inlet and outlet 37 and 38 respec-
tively. The microphone tube 35 has a micro-
phone 36 mounted where the tube extends
from the box, exterior to the duct. Air is
pumped into the hollow tube to produce a
small air flow into the duct so that the temper-
ature relationship along the tube is substan-
tially constant for all measurements and in
addition hot gas is kept out of contact with
the microphone.

Therefore the measuring arrangement in ac-
cordance with the invention allows tempera-
ture of a fluid in an enclosure to be measured
by providing at least two discrete paths be-
tween at least two acoustic transmitters and
receivers. In order to evaluate any velocity of
the fluid at least three transmitters are re-
quired and a receiver is provided inmediately
adjacent each transmitter so that travel time of
the acoustic pulse along each said path can
be evaluated for both possible directions of
travel.

It will be apparent that in this context duct
includes all manner of enclosures carrying
fluids which can be flowing, for example
pipes, air conduits or tubes.

CLAIMS

1. Measuring apparatus capable of measur-
ing the temperature of fluid in an enclosure
comprising at least two acoustic transmitters
arranged to each transmit an acoustic pulse
along at least two discrete paths to acoustic
receivers, the transmitters and receivers hav-
ing a known specia! relationship to each
other; means to activate each transmitter se-
parately; means to monitor said transmission
and receipt of the pulse at each receiver in
order to evaluate the travel time of the pulse
along each path; and means to calculate, from
said travel times and said known relation-
ships, values of fluid temperature along said
paths.

2. Measuring apparatus as claimed in claim
1 for use in a duct carrying a flowing fluid
wherein the transmitters and receivers are
provided around a plane substantially perpen-
dicular to the direction of mean fluid flow.

3. Measuring apparatus as claimed in claim
1 for use in a duct carrying a flowing fluid
including at least three transmitters and
wherein a receiver is provided inmediately
adjacent each receiver so that travel time of
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the pulse along each said path can be evalu-
ated for both possible directions of travel, and
said means to calculate is adapted to calcu-
late, from said travel times and the known
special relationships between the transmitters
and receivers, values of fluid temperature and
fluid velocity along said paths.

4. Measuring apparatus as claimed in claim
3 including at least four transmitters wherein
two of said at least four transmitters are
provided around a first plane substantially
perpendicular to the mean direction of fluid
flow and two of said at least four transmitters
are provided around a second plane substan-
tially perpendicular to the mean direction of
fluid flow.

5. Measuring apparatus as claimed in any
preceding claim wherein the acoustic transmit-
ters includes spark discharge acoustic genera-
tors. '

6. Measuring apparatus as claimed in any
preceding claim wherein the receivers com-
prise microphones.

7. Measuring apparatus as claimed in any
preceding claim wherein the transmitters and
receivers include thermal insulation from the
fluid.

8. Measuring apparatus as claimed in any
preceding claim including means to display
the values evaluated.

9. Measuring apparatus as claimed in any
preceding claim wherein said known relation-
ships are stored in a store means accessed by
the means to calculate.

10. Measuring apparatus as claimed in any
one of claims 3 to 9 including means to
evaluate a velocity distribution across the duct
from said values of fluid velocity.

11. Measuring apparatus as claimed in any
preceding claim including means to evaluate
the temperature distribution from said values
of fluid temperature.

12. Measuring apparatus as claimed in
claim 10 or 11 including means to display
said distribution.

13. Measuring apparatus capable of mea-
suring the temperature of a fluid in an enclo-
sure substantially as herein described with
reference to the drawings.

Printed in the United Kingdom for

Her Majesty’s Stationery Office, Dd 8818935, 1984, 4235,
Published at The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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