
2077434 - 1- MICROPROCESSOR CONTROLLED VALVE FLOW INDICATOR The present
invention relates to a device for ascertaining the flow rate through one or
more valves, which is capable of continuously monitoring and controlling
the flow rate through several valves 5   simultaneously. At present, a
range of mechanical, magnetic and electronic switches may be provided on or
attachable to valves to provide an indication as to when a valve is fully
open or fully closed, however, it has not been possible to accurately
indicate intermediate positions 10   of the valve stroke in a simple and
economical way. For instance, different types of valve have different flow
characteristic curves relating percentage flow through the valve against
percentage opening of the valve, so that even if the percentage opening of
several different types of valve was the same, then widely 15   differing
flow rates result and thus make it extremely difficult for simple
mechanical, magnetic and electronic devices, which measure the actual
opening of the valve, to give a precise indication of the flow rate through
the valve. Further, for a given pressure and valve opening, changes in the
20   temperature and viscosity of the fluid alter the flow performance
which is difficult to compensate for with simple arrangements, and with
very viscous fluids, if the temperature drops below a certain critical
point, then viscosity may increase to an extent at which flow will cease
altogether. 25          The aim of the present invention is to provide a
device capable of ascertaining flow rate through one or more valves
simultaneously 



and displaying said flow rate or utilising said flow rate to control the
-2- or each valve. According to the present invention a device for
ascertaining flow rate through one or more of the same or different types
of valves comprises a transducer connectable to the or each valve 5    to
be monitored for providing a first signal representative of the position of
a valve member of the or each valve, electronic processing means receiving
said first signal and having means enabling input of information and/or
further signals representing factors influencing the flow rate, said
electronic processing 10   means including means enabling storage of data
relating to the flow characteristics of a plurality of different types of
valves and being capable of calculating flow rate through the or each valve
from said first signal and said input information and/or said further
signals, the output of said electronic processing 15   means being
connected to a display means for displaying said calculated flow rate
and/or to control means for adjusting the or each valve to regulate the
flow rate. Preferably, the. electronic processing means comprises a
microprocessor programmed to calculate the flow rate through the 20   or
each valve from equations representing the characteristic curve of the or
each valve which are stored in read-only memory (ROM) associated with the
microprocessor.   The various factors influencing the flow rate include the
pressure drop across 



the or each valve and the temperature of the fluid and these 25  may be
input to the microprocessor either via a keyboard or directly from
respective pressure and temperature sensing devices. A further factor
influencing the flow rate is the viscosity of the fluid and information
regarding the viscosity is input to    - 2A - the microprocessor via the
keyboard as an initial condition when setting up.  The input information
can be displayed on the display means for an operator to check its accuracy
prior to input of the information to the microprocessor to minimise 5   the
possibility of errors, and additionally with    direct input of information
relating to temperature and pressure, information regarding these values
can be supplied by the microprocessor to the display to enable an operator
to check that the temperature and pressure are at the required levels. 5
Since viscosity of the fluid varies with temperature, data regarding this
variation for each type of fluid to be monitored is also stored in
read-only memory associated with the microprocessorto enable the
microprocessor to compensate for changes in viscosity due to variations in
temperature. 10          The output of the microprocessor may additionally
or alternatively be connected to means for controlling the position of the
valve member 



of the or each valve being monitored to enable the flow rate to be
regulated or maintained, within prescribed tolerance levels from a desired
value, independently of changes in pressure or temperature 15   and/or to
annunciate an alarm, if operational conditions cannot be maintained within
prescribed tolerance levels. The present invention will now be described
further, by way of example, with reference to the accompanying drawings, in
which: Figs. la, lb, lc and ld illustrate typical flow characteristics 20
of four different types of valve; Fig. 2 is a series of graphs illustrating
variations in viscosity of various fluids with respect to temperature; Fig.
3 is a graph illustrating the relationship between the viscosity and
percentage flow rate at a constant pressure drop; 25          Fig. 4 is a
block diagram of the device according to the present invention; and
Figs. 5a and 5b illustrate examples of linear and rotary position
transducers. Referring to the graphs shown in Figs. la, lb, lc and ld,
typical flow characteristic curves are shown for four different types of
valves which clearly illustrate the variation between the flow
characteristics of different valves and other types of valves can be
treated in a simi- law way. The characteristic illustrated in Fig.la is for
a Saunders Type "A" (Weir type) diaphragm valve and it can be seen that,
for a 50% opening of the valve, the percentage flow through the valve would
be of the order of approximately 65%,whereas for a different type of
diaphragm 



valve, namely a Saunders Type " KB" (straight through) diaphragm valve as
illustrated in Fig. lb, a similar percentage opening would give a
percentage flow through the valve of the order of 85%. For other types of
valve such as a butterfly valve, the characteristic of which is ill-
ustrated in Fig. lc and ball valve, a typical characteristic for which is
illustrated in Fig. ld, a percentage opening of 50% would provide a 19%
flow in the case of the butterfly valve and a 35% flow in the case of a
ball valve. Consequently, the difficulties involved in providing a direct
readout of the flow rate through a valve determined from the degree of
opening of the valve can be clearly seen, in that it is a difficult matter
to accommodate for such widely varying flow characteristics of different
types of valves. In consequencedifferent techniques have so far only sought
to indicate whether the valve was open or closed and the flow rate through
the valve was hitherto determined using flowmeters. Apart from variations
in flow characteristics for different valve constructions the flow rate
through a valve is also determined by the viscosity of the fluid flowing
through the valve and since viscosity varies with temperature, then the
temperature of the fluid    _    5     - also has an effict on the flow
rate, which introduces an additional variable which is again difficult to
compensate for when attempting to provide an accurate indication of the
flow rate through a valve. Typical viscosity/temperature curves are
illustrated in Fig. 2 for 5      nine different types of fluid of varying
viscosity as listed in 



the Table below s- PICAL VISCOSITY TEMP CURVES CURVE
FLUID                          S.G. 1             GAS OIL
0.85 10       2             HEAVY DIESEL FUEL                     0.88 3
100 SEC FUEL OIL 4             BRITOUUM                              0.93 5
400 SEC FUEL OIL                      0.95 6             900 SEC FUEL OIL
0.95 15       7             1400 SEC FUEL OIL                     0.95 8
3500 SEC FUEL OIL                     0.975 9             BUNKER "C"
0.99 A further graph, illustrated in Figure 3, illustrates the rela-
tionship between viscosity and percentage flow rate at 20     constant
pressure drop which can be assumed to be valid for all valve types, and
which Illustrates the direct effect viscosity haS on flow rats. In the
device of the present invention, as illustrated in Figure 4, a position
transducer 10, which may be a rotary or a linear 25    position transducer,
is connected to a valve so that it is dis- placed with the valve actuator
member, opening and closing the valve, 80 as to measure the valve stroke
and to produce an electrical signal determined by the position of the valve
actuator member.    -  6   - A suitable transducer would be an analogue
potentiometric division 



transducer and linear transducers are known having strokes of between 2.5
METER/S and 250  and a suitable transducer would be selected according to
the stroke of the valve to be monitored.   As an alter- 5      native to a
linear transducer, for valves utili ing a rotary move- ment of the valve
member rather than a linear diaplacement, a rotary transducer would be
utillsed, also in the form at a potentio- meter the wiper of which is
attached to the spindle of the valve member. 10         Examples of
suitable arrangements of transducers are illus- trated in Figures Se and 5b
5a being a schematic illustration of a rotary type transducer and 5b
illustrating a linear transducer. In each case the transducer T is
potentiometer the wiper of which is displaceable with the valve actuator
member of the valve to which it    is connected, and two potentiometers A
and B are provided to allow adjustment of the circuit to accommodate
different transducers. A temperature stable resistance and Zener diode
network is provided to maintain stable potentials at the ends of the
transducer, and the 5   output voltage of the transducer T is buffered with
a voltage follower to enable processor circuitry to be placed remotely from
the valve up to a distance of 200 [err]. The output of the voltage follower
is supplied as an input to the analog-to-digital converter 12 of Figure 4.
The analog-to-digital converter 12 converts the transducer 10   output
voltage to a digital signal for input to a microprocessor 13. The output of
the analog-to-digital converter 14 are supplied to the microprocessor 13
via a peripheral random access memory (RAM) and 



input-output device 15, the output data lines 14 of the analog-to- digital
converter 12 being connected to a port A of the input-output 15   device 15
and then provided as an input to the microprocessor 13 via data bus 16.
Control of the analog-to-digital converter 12 is per- formed by the
microprocessor 13 by means of control lines 17 and 18. The peripheral RAM
and input-output device 15 has two further ports, port B and port C for
driving the display 19 under the con- 20   trol of the microprocessor 13.
Input of initial conditions governing the flow rate are provided by means
of a key-pad 20 which enables an operator to identify to the processor the
particular fluid flowing through a valve being monitored, to specify the
type of valve and to input information such as the temperature and pressure
of the 25   fluid. Detailed information regarding the flow characteristics
of the different types of valves to be monitored, together with information
regarding the viscosity/temperature curves and the effect viscosity has on
flow rate, such as illustrated in graphic form in Figures 1 to 3, are
stored as data in the program memory 21 which also contains    -.7 - the
controlling prog am for the microprocessor 13.  The program memory 21 is
suitaly Erasable Programmable Read-Only Memory (EPROM), so that if
necessary, the contents of the memory can be erased and a new p ogram
incorporated for the characteristics of a 5   different family of valves or
fluids. As an alterrative to inputting information regarding the pressure
and temperature vi the keyboard, appropriate means may be provided 



for inputting such i formation directly into the processor system from
temperature probes and pressure gauges, or even from flowmeters for 10
comparison purpose .  Further, the microprocessor can be provided with
suitable outpu control means operating a servo-mechanism for automatically
adju ting the valve to regulate the flow rate within prescribed toleranc
limits, so as to enable the flow rate to be main- tained independent y of
variations in pressure or temperature. Further, 15   the microprocessor
could annunciate an alarm if prescribed tolerance levels could not be
maintained, or actuate other systems regulating the temperature and
pressure of the fluid in a pipeline. The use of a microprocessor enables a
large number of valves to be monitored si ultaneously and an indication to
be given of fluid 20   flow through each valve for any number of fluid
types including water at a specified tern erature, preferably in the range
-18 to +120 C (0 to [err], and for th  particular valve actuator position
to be expressed as a percentage of t e flow of water at [err] (0F) through
the same valve when fully open.  The arrangement of the present invention
may be a 25   single integrated unit monitoring up to 250 valves
simultaneously or it may be combined with a mini-computer with a visual
display unit (VDU), or a main-frame omputer and the output can be provided
via the computer if requi ed.    - 8 - In operation, the microprocessor 13
performs a series of calculations utilising the input data supplied via the
keyboard or directly from in-line sensors, together with the information
provided 



by the position transducer of the valve, and data stored in the mem- 5
ory 21 relating to the flow characteristic curves of each valve and the
flow characteristics of the fluid flowing through the valve, to provide an
output which is an indication of the flow rate through the valve derived
directly from the position of the valve member. It is also possible to
utilise the same information to ascertain the 10    effect that variations
of temperature or pressure will have on the flow through the valve. Thus, a
device has been provided which enables a plurality of valves to be
simultaneously monitored and for the flow rate through valves to be
ascertained in dependence upon the actual opening of 15   the valve.
CLAIM 1.   A device for ascertaining flow rate through one or more of the
same or different types of valves, comprising a transducer connectable to
the or each valve to be monitored, for providing a first signal
representative of the position of 5    a valve member of the or each valve,
electronic processing means receiving said first signal and having means
enabling input of information and/or further signals representing factors
influencing the flow rate, said electronic processing means including means
enabling storage of data relating to the flow 10   characteristics of a
plurality of different types of valves and being capable of calculating the
flow rate through the or each valve to be monitored from said first signal
and said input 



information and/or said further signals, the output of said electronic
processing means being connected to a display means 15   for displaying
said calculated flow rate and/or to control means for adjusting the or each
valve to regulate the flow rate. 2.   A device as claimed in claim 1
wherein said electronic processing means is a microprocessor having storage
means associated therewith containing data relating to the flow 20
characteristics of different types of valves and data regarding the effect
of viscosity variations on flow rate and data relating to the variations in
viscosity with temperature for a plurality of different fluids. 3.   A
device as  laimed in claim 1 or 2 in which the transducer 25  is connected
to the electronic processing means via an analog- to-digital converter for
converting the output of the transducer into digital form for input into
the electronic processing means.    -10- 4.  A device as claimed in claim 2
or 3 in which a keyboard is provided for enabling input of initial
conditions to the microprocessor. 5.  A device as claimed in claim 2 or 3
in which operating 5     conditions can be continuously or periodically
supplied to the microprocessor from temperature and pressure sensors and/or
flowmeters. 6.  A device as claimed in any preceding claim in which the
output of the electronic processing means is connected to control 



10    means controlling a servo-mechanism connected to the or each valve to
regulate the flow rate through the valve in accordance with programmed
instructions, and prevailing operational conditions. 7.  A device as
claimed in any preceding claim in which 15    electronic processing means
is operable to continuously monitor and/or control up to 250 valves
simultaneously in accordance with prescribed conditions. 8.  A device as
claimed in any preceding claim wherein electronic processing means is
arranged to actuate an alarm if the 20    flow rate ascertained falls
outside a predetermined range of acceptable flow rate. 9.  A device as
claimed in any preceding claim wherein the electronic processing means is
operable to predict the effect of variations in temperature, pressure and
valve opening on the 25    flow rate. 10. A device for ascertaining flow
rate through one or more valves substantially as hereinbefore described
with reference to and as illustrated in the accompanying drawings. The text
of the specification has been reproduced , by photocopying the applicants
original typescript.It may contain a few amendments which are difficult to
read.The original typescript containing these amendments may be inspected
on the premises of the patent office.    


