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METHOD AND SYSTEM FOR FLUID FLOW CONTROL IN A FLUID NETWORK
SYSTEM

TECHNICAL FIELD
The present disclosure relates to fluid network systems and in particular to fluid flow

control in such systems.

BACKGROUND

Large fluid network systems can in some applications consume substantial amounts

of energy. An example of such a fluid network system is a ventilation system of an
underground mine. Such a ventilation system can comprise a plurality of fans which
need to be operated in order to maintain sufficient air quality for healthy working

conditions in the mine.

Ventilation on demand (VOD) control is sometimes utilized today to reduce the
amount of consumed energy in underground mines. In short VOD means that fresh
air is directed to specific locations in the underground mine only when needed and at
sufficient amount to achieve a healthy working environment. Attempts to use
network models, i.e. models that describe fluid dynamical characteristics of the
underground mine network, have been done but these suffer from sensitivity for
changes in the infrastructure of the mine, and require a substantial engineering effort

to be commissioned.

WO02009/027815 discloses a mine ventilation system which establishes a dynamic
ventilation demand as a function of real-time tracking of machinery and/or personnel
location and where this demand is distributed in the work zones via the mine
ventilation network and where the energy required to ventilate is minimized while
satisfying the demand for each work zones. The mine ventilation system operates on
the basis of a predictive dynamic simulation model of the mine ventilation network

along with emulated control equipment such as fans and air flow regulators.
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However, the determining of the dynamic simulation model of the mine is a
complicated process which must be repeated every time the infrastructure of the

underground mine is modified.

SUMMARY
A general object of the present disclosure is to minimize the electric power
consumption of a fluid network system while being able to provide sufficient fluid

flow.

In view of the above, in a first aspect of the present disclosure there is provided a
method of controlling fluid flow in a fluid network system by means of a plurality of

fluid machines, wherein the method comprises:

a) obtaining a respective current fluid flow rate associated with each fluid

machine,

b) obtaining a current fluid machine speed of each fluid machine,

c¢) obtaining desired fluid flow rates in the fluid network system,

d) determining a new fluid machine speed for each fluid machine based on the
current fluid machine speeds and a change in the fluid machine speed required
to obtain the desired fluid flow rates, wherein the change in the fluid machine
speed is determined by minimizing a total fluid machine power which is a
function dependent of the change in the fluid machine speed, the minimization
being performed with constraints for fluid flow rate, fluid machine pressure

and fluid machine speed, and

e) controlling the speed of the plurality of fluid machines according to the new
fluid machine speeds such that the minimum total fluid machine power in the

fluid network system is attained.

By means of the present disclosure, control of fluid flow rates fulfilling the current
fluid flow requirements in the fluid network system may be obtained with minimal

total fluid machine power consumption.
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One embodiment comprises a step f) of storing the new fluid machine speed of each

fluid machine.

One embodiment comprises, prior to obtaining a respective current fluid flow rate,
determining a model of the total fluid machine power by determining a relation
between a change in fluid machine speed and a corresponding change in fluid
machine power for each of the plurality of fluid machines empirically, wherein the
relation forms part of the model and wherein the model is utilized for the

minimization.

By empirically determining the relation between the change in fluid machine speed
and the corresponding change in fluid flow rate for each fluid machine in an existing
fluid network system simple network identification of the fluid network system can
be obtained. This identification process can easily be repeated when the
infrastructure of the fluid network system has been modified, e.g. expanded. The
determined relation can be utilized to determine a total minimum electric power to
be provided to the fluid machines in the fluid network system by means of
optimization, while being able to provide a minimum required fluid flow in the fluid

network system.

One embodiment comprises, prior to determining the relation, changing a fluid

machine speed of each of the plurality of fluid machines.

One embodiment comprises applying an input signal pattern to the plurality of fluid
machines to thereby change the fluid machine speed of the plurality of fluid
machines, which input signal pattern is applied in such a way that the relation
between the change in fluid machine speed and the corresponding change in fluid

machine power can be determined for each fluid machine.

According to one embodiment the input signal pattern is such that it allows settling a
fluid flow in the fluid network system, wherein the steps applied to the plurality of

fluid machines are kept track of.

According to one embodiment the changing involves sequentially changing the fluid

machine speed of each of the plurality of fluid machines.



10

15

20

25

WO 2014/095504 4 PCT/EP2013/076162

According to one embodiment the sequential changing involves changing the fluid
machine speed of each fluid machine such that only one fluid machine of the plurality

of fluid machines is subject to a change in fluid machine speed at a time.

One embodiment comprises waiting between two subsequent fluid machine speed
changes until a fluid flow in the fluid network system returns to an original state in
which the fluid network system operated prior to the step of changing a fluid machine

speed.

According to one embodiment the step of determining a model comprises
determining a constant matrix defining the relation between the change in fluid

machine speed and the corresponding change in fluid machine power.

According to one embodiment the fluid network system is a ventilation system of an

underground mine and wherein the fluid machines are fans.

According to one embodiment the step of determining the model comprises
determining a relation between the change in fluid machine speed and a
corresponding change in fluid machine power for each of the plurality of fluid

machines.

According to a second aspect of the present disclosure there is provided a computer
program product comprising a computer readable medium on which computer code
is stored, which computer code when executed performs the method according to the

first aspect.

According to a third aspect of the present disclosure there is provided a control
system for fluid flow control in a fluid network system comprising a plurality of fluid
machines, which control system comprises: a processing system arranged to: obtain a
respective current fluid flow rate associated with each fluid machine; obtain a current
fluid machine speed of each fluid machine; obtain desired fluid flow rates in the fluid
network system; determine a new fluid machine speed for each fluid machine based
on the current fluid machine speeds and a change in the fluid machine speed required
to obtain the desired fluid flow rates, wherein the change in the fluid machine speed

is determined by minimizing a total fluid machine power which is a function
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dependent of the change in the fluid machine speed, the minimization being
performed with constraints for fluid flow rate, fluid machine pressure and fluid
machine speed; and control the speed of the plurality of fluid machines according to
the new fluid machine speeds such that the minimum total fluid machine power in

the fluid network system is attained.

Additional features and advantages will be disclosed in the following.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention and the advantages thereof will now be described by way of non-

limiting examples, with reference to the accompanying drawings of which:

Fig. 1 schematically shows an example of a fluid network system;

Fig. 2 is a schematic block diagram of a control system for a fluid network system;

Fig. 3 depicts a flowchart of a method of controlling ventilation in a fluid network

system;

Fig. 4 is a diagram showing sequential speed change of the fans in the fluid network

system in Fig. 1; and

Fig. 5 is a flowchart of a method of identifying fluid characteristics in a fluid network

system.

DETAILED DESCRIPTION

In the following description, for purpose of explanation and not limitation, specific
details are set forth, such as particular techniques and applications in order to
provide a thorough understanding of the present disclosure. However, it will be
apparent for a person skilled in the art that the present disclosure may be practiced in
other embodiments that depart from these specific details. In other instances,
detailed description of well-known methods and apparatuses are omitted so as not to

obscure the description with unnecessary details.
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The present disclosure may be utilized for fluid flow control in a fluid network system
such as a ventilation system of an underground mine, a building ventilation system,
district heating/cooling, a drainage system for e.g. underground mines and similar
systems, as would be apparent to the person skilled in the art. For illustrative
purposes only, the fluid network system will in the following be exemplified by a
ventilation system of an underground mine. However, the methods and systems

disclosed herein may equally well be implemented in other fluid network systems.

In general, the fluid flowing through the fluid network system may be a gas such as

air, or a liquid such as water depending on the application.

Beneficially, the methods and control systems presented herein provides control of
fluid machines in a fluid network system in such a way that the total power
consumption of the fluid machines can be minimized while the provided fluid flow

satisfies the minimum required fluid flow rate in the fluid network system.

Depending on the application, a fluid machine can be a fan or a pump. If the
application concerns ventilation, the fluid machines are fans. If the application

relates to fluid flow control of liquids, the fluid machines are pumps.

In the following disclosure, an example of an application of the claimed method will
be given for an underground mine ventilation system. It is however to be noted, that
the present methods and control systems can also be utilized in other fluid network
systems, as previously mentioned. It is thus noted that the below explained method
steps and control system which implements the method in a mine ventilation
application can also be applied in a similar way in other applications concerning both
gas and liquid flow control, wherein in the latter case the fans are exchanged for

pumps.

Fig. 1 shows an example of an infrastructure of a fluid network system 1, i.e. a
ventilation system of an underground mine. The fluid network system 1 has an
underground infrastructure 3 below a ground surface 5. The fluid network system 1
comprises a plurality of shafts 7, 9 and 11. The shafts 7, 9, 11 define different shaft
levels in the underground infrastructure 3. In the present case the first shaft 7 defines
a first shaft level. The second shaft 9 defines a second shaft level. The third shaft 11
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defines a third shaft level. In each shaft, a unique fluid flow rate requirement may be
necessary, as exemplified by the different fluid flow rates Q., Q- and Qs. The required

fluid flow rate may for instance depend on mining vehicles present in a shatft.

The exemplified fluid network system 1 further comprises a downcast shaft 13 which
extends from above the ground surface 5 and connects with shafts 7, 9 and 11 below
the ground surface 5. The downcast shaft 13 has an intake fan 13-1 which provides air
from the surface atmosphere to the underground infrastructure 3. The downcast shaft
13 optionally also has one or more pressure increasing fans 13-2 for increasing the air
pressure deeper down in the underground infrastructure 3. The fluid network system
1 also has an air outtake shaft, i.e. an upcast shaft 15 which provides exhaust air to the
surface atmosphere via an outtake fan 15-1. Hence, fresh air enters the fluid network
system 1 via the intake fan 13-1 and downcast shaft 13, wherein the fresh air is
distributed in the shafts 7, 9 and 11 according to airflow requirements, and exhaust
air exits the fluid network system 1 via the upcast shaft 15 and outtake fan 15-1, as

shown by arrows A.

The fluid network system 1 can optionally further comprise extraction zones, such as
extraction zone 17 connected to the shaft 9, and ramps 19, 21. Mining can be
performed in the extraction zone 17 and/or any of the shafts 7, 9, and 11. The ramps
17, 19 enable movement of equipment such as mining vehicles and the like from one
level to another. In the exemplified fluid network system 1, ramp 19 connects the
third shaft 11 with the second shaft 9. Ramp 21 connects the second shaft 9 with the
first shaft 7.

Each shaft 7, 9, 11 is provided with a respective fan 7-1, 9-1 and 11-1. The fans 7-1, 9-1
and 11-1 provide fresh air from the downcast shaft 13 to their respective shaft 7, 9, 11.
Furthermore, the extraction zone 17 is associated with a fan 17-1 which provides fresh

air to the extraction zone 17 from shaft 9 to which the extraction zone 17 is connected.

There could of course be fewer or more shafts, upcast shafts, downcast shafts,
extraction zones and fans in an underground mine in which ventilation control
according to the present disclosure can be utilized; the fluid network system 1 is

merely one example of a multitude of possible configurations/topologies.
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Fig. 2 shows an example of a control system 23 for ventilation control in the fluid
network system 1. The control system 23 comprises a processing system 23-1. When
installed, the control system 23 is connected to the fluid network system which it is to

control.

Control system 23 is an example of a control system arranged to determine network
characteristics, i.e. to determine a model of a fluid network system such as fluid
network system 1. Control system 23 is further arranged to control the fluid flow rate

in the fluid network system based on the determined model.

Based on the determined network characteristics the control system 23 provides
control of the rotational speed of the fans 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 in the fluid
network system 1 in such a way that the minimum fluid flow requirements in the
shafts 7, 9, 11, and extraction zone 17 and hence in the fluid network system 1 are
fulfilled while the fans 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 consume a minimal amount

of electric power, i.e. the total fluid machine power is minimized.

The processing system 23-1 may be an integrated system comprising a single
processor for the control of all fans of the fluid network system. Alternatively, the
processing system may form a distributed system with an individual processor for
each fan. The processing system 23-1 is preferably implemented in software. The
control system 23 may be a hardware device which allows user interaction between

e.g. an operator or engineer and the fluid network system.

The control system 23 operates fans 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 via a respective
motor 25. Each motor 25 is adapted to drive the rotor or rotors of its associated fan.
Each fan 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 is associated with a respective sensor 27-1,
27-2, 27-3, 27-4, 27-5, 27-6 and 27-7. Each sensor is arranged to measure a fluid flow
rate and/or fluid flow rate change in a fluid flow channel, e.g. shaft, in which the
corresponding fan is arranged. For instance, sensor 27-1 is arranged to measure the
fluid flow rate in a fluid flow channel in which fan 7-1 is arranged, i.e. in shaft 7. The

remaining sensor/fan pairs are arranged similarly.

An alternative way to determine the fluid flow rate change is to measure the

differential pressure over each fan by means of a respective sensor and utilize the fan
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characteristics of the fans to estimate the fluid flow rate changes. The fan

characteristics are preferably loaded into the processing system for this purpose.

Each fan 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 is via a respective motor 25 arranged in
communication with the control system 23, and in particular with the processing
system 23-1. Thereby, the control system 23 can provide control instructions to the
fans 7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 regarding the rotational speed of each fan of the
fluid network system 1. Communication between the control system 23 and the fans

7-1, 9-1, 11-1, 13-1, 13-2, and 17-1 can either be via wires, or be wireless.

With reference to Fig. 3, fluid flow control in a general fluid network will now shortly
be described.

In a step a) a respective current fluid flow rate associated with each fluid machine is
obtained by a processing system such as processing system 23-1. The current fluid
flow rate can for example be obtained via a respective sensor arranged to measure the
fluid flow rate, for example by means of sensor 27-1, 27-2, 27-3, 27-4, 27-5, 27-6 and
27-7, or by means of differential pressure measurements over each fan in
combination with the utilization of fan characteristics which according to one

variation may be loaded into a memory of the control system.

In a step b) the current fluid machine speed of each fluid machine is obtained by the
processing system. The current fluid machine speed of each fluid machine may for
example be obtained from storage in a memory of the control system. The current
fluid machine speed for each fluid machine may for example have been stored in the

memory in a previous iteration of the method.

Optionally, according to one variation of the method, for example in case the fluid

machines are fans, opening angles of the air regulators of the fans is also obtained.

In a step c) the desired fluid flow rates in the fluid network system are obtained by
the processing system. The desired fluid flow rates can for example be based on a
planned activity in a certain part of the fluid network system, or activity having

ceased in a part of the fluid network system.
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In a step d) a new fluid machine speed for each fluid machine is determined by the
processing system. The new fluid machine speed is based on the current fluid
machine speeds obtained in step b) and on a change in the fluid machine speed
required to obtain the desired fluid flow rates. In particular, the new fluid machine
speed for each fluid machine may be the sum of the current fluid flow machine speed
and the change in the fluid machine speed. The change in the fluid machine speed
required to obtain the desired fluid flow rates is determined by minimizing a total
fluid machine power AE, i.e. a cost function, dependent of the change in the fluid

machine speed, as shown in equation (1) below.

AE=HeAB2 (1)

Equation (1) is a model of the total fluid machine power. He is a constant matrix that
has previously been determined in an empirical manner, for example during
commissioning. The determination of the constant matrix He will be described in
more detail with reference to Figs 4 and 5. A is a vector containing the change in
fluid machine speed for all fluid machines. In variations in which the opening angles

are obtained, these can also be contained in the A vector.

The minimization of the total fluid machine power AE is performed with constraints
for fluid flow rate, fluid machine pressure and fluid machine speed. The constraints
include expressions comprising similar constant matrices as He. The determination of

these matrices will be elaborated on in what follows.

That the total fluid machine power is dependent of the change in the fluid machine
speed is to be understood to mean that the total fluid machine power AE is a function

of the change in the fluid machine speed.

In case the opening angles have been obtained in step b) the change in opening angles
is also determined in step d) from the minimization of the total fluid machine power,

i.e. from the minimization of equation (1).

In a step e) the speed of the plurality of fluid machines are controlled according to the
new fluid machine speeds such that the minimum total fluid machine power in the

fluid network system is attained. Hereto, the processing system provides control
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signals to the motors/frequency converters or other actuators associated with the
fluid machines to control the fluid machines optimally based on the new fluid
machine speeds that have been determined. In case the opening angles have been

determined, the opening angles are also controlled in step e).

In a step f) the new fluid machine speed of each fluid machine is stored by the control
system. The new fluid machine speed can thereby be obtained from the memory in
the next iteration of the method, in which case the new fluid machine speed is termed

“current fluid machine speed”.

It should be noted that the above steps a) to e) need not necessarily be carried out in
the order presented above; the desired fluid flow rates may for example be obtained
prior to obtaining the current flow rate, and/or prior to obtaining the current fluid

flow machine speed of each fluid machine.

With reference to Figs 4 and 5, the model identification procedure will now be
described in more detail. It should here be understood that the steps carried out in
the method described in Fig. 5 are generally carried out prior to the steps a)-e) of the
method of Fig. g are carried out for the first time, e.g. during commissioning of the
fluid network system. The steps of the identification procedure can however
additionally be performed also after steps a)-e) have been carried out for example in
case the topology of the fluid network system is altered and a new model

corresponding to the new fluid network system layout is to be identified.

When there is a need to identify network characteristics of a fluid network system in
which the control system 23 is arranged, such as during commissioning of the fluid
network system, the control system 23 provides control signals to each of the fans 7-1,
9-1, 11-1, 13-1, 13-2, 15-1 and 17-2 in a first step So, as shown in Fig. 5. The control
signals contain instructions that each fan is to change its rotational speed. The
instructions are preferably provided in a sequential manner with one fan at a time

changing its speed.

The change of speed of each fan can be provided by input signal patterns from the
control system 23. Such speed change can for instance be achieved by means of

frequency converters for providing speed change steps to a respective motor and
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corresponding fan, or via voltage or current step functions from the respective motor
25 when the motor 25 has received instructions from the control system 23. Steps or
step functions may be positive or negative. A step or step function may provide an
increase or alternatively a decrease in a fan speed. Other motor signals than steps or

step functions are also possible for changing the speed of the fans.

When a motor provides a step to a fan, the change in fluid flow rate, pressure or fluid
machine power associated with that fan is measured. Thus, for instance when the fan
speed of fan 7-1 is changed by means of its motor 25, the corresponding change in

fluid flow rate is measured by means of sensor 27-1 which is associated with fan 7-1.

The change in speed of the fans 7-1, 9-1, 11-1, 13-1, 13-2, 15-1 and 17-2 is in one
embodiment made in a sequential manner, as shown in Fig. 4. Each fan 7-1, 9-1, 11-1,
13-1, 13-2, 15-1 and 17-2 is sequentially provided with a respective step or pulse P1,
P2, P3, P4, P5, P6 and P7.

For the purposes of determining network characteristics, e.g. determining a relation
between the change in fan speed and corresponding change in fluid flow rate, the
magnitude M1-M7 of the steps is not a matter of importance. It is sufficient to provide
steps having a magnitude which provides a measurable fluid flow rate change.
Moreover, each step may have independently determined magnitude. Thus each step
magnitude may differ from the magnitude of the other steps. Alternatively, the

magnitude of each step P1-P7 can be essentially the same.

The duration 1 of each step should be sufficiently long for the affected fan to attain
steady state operation, i.e. a state where the said fan has obtained the speed

corresponding to the step applied to the fan by the motor.

Furthermore, the time t between successive steps should be sufficiently long such
that a normal operational state i.e. a steady state in which the fluid network system 1
operated prior to changing any fan speed, can be obtained. Hence, the control system
23 waits sufficiently long between each consecutive step P1-P2, P2-P3, P3-P4, P4-P5,
P5-P6 and P6-P7 with the provision of control signals to the motors 25 such that a

normal state can be obtained between each step P1-P7.
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By changing the fan speeds of each of the plurality of fans one at a time, a relation
between the control parameter AB related to the fan speed change and the change in
any of fluid flow rate AQx, change in pressure Apx over each fluid machine, and
change in fluid machine power AEx for each fluid machine can be determined in a

step S1.

Alternatively and preferably, the relation between the control parameter AB related
to the fan speed change and the change in fluid flow rate AQ can be determined by
changing the speed of the plurality of fans by providing input signals to the motors
and hence the fans in according to any pattern in such a way that each step, i.e. each
speed change of a fan, is allowed to settle the fluid flow in the fluid network system

while keeping track of the steps applied to the plurality of fans.

To that end, when each fan in the fluid network system has been subjected to a speed

change, equation (2) below can be solved because the vectors AB and AQ are known.

AQ=Hq AP (2)

AB is the control parameter contained in the control signals provided by the control
system 23 to the fans 7-1, 9-1, 11-1, 13-1, 13-2, 15-1 and 17-2 via the motors 25. The AQ
vector comprises the fluid flow rate changes measured by all the sensors 27-1, 27-2,
27-3, 27-4, 27-5, 27-6 and 27-7. In particular a constant matrix Hq which
approximates the relation between the fan speed changes and the corresponding fluid
flow rate changes can be determined. The matrix Hq may for instance be determined
by means of a least squares method. The matrix Hq is utilized in an expression used
for the fluid flow constraint when minimizing the total fluid machine power AE in

equation (1).

He. is determined in a similar manner as Hq. When a motor provides a step to a fan,
the change in power associated with that fan is measured. Thus, for instance when
the fan speed of fan 7-1 is changed by means of its motor 25, the corresponding
change in power is measured by means of sensor 27-1 which is associated with fan 7-

1.
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Additionally, a matrix Hp is determined in a similar manner as Hq and He. H is

defined by the relation

A(Ap)=H,AB (3)

As noted above, Ap is a vector of changes in pressure over a fluid machine, e.g. a fan.
Thus, when a motor provides a step to a fan, the change in pressure of that fan is
measured. Thus, for instance when the fan speed of fan 7-1 is changed by means of its
motor 25, the corresponding change in pressure is measured by means of sensor 27-1
which is associated with fan 7-1. The matrix Hj, is utilized in an expression used for
the fluid machine pressure constraint when minimizing the total fluid machine power

AE in equation (1).

It should be noted that the determination of He and H;, can be performed in the same
manner as discussed in more detail above in connection with elaborations of the
determination of Hg, i.e. by providing steps to each fan, for example sequentially or
by providing input signals to the motors and hence the fans in according to any
pattern in such a way that each step, i.e. each speed change of a fan, is allowed to
settle the fluid flow in the fluid network system while keeping track of the steps
applied to the plurality of fans.

When the relation between the fluid flow rate change and change in fluid machine
speed, the relation between the fluid machine power change and change in fluid
machine speed, and the relation between the change in pressure over the fluid
machines and the fluid machine speed have been determined, i.e. when the matrices
Hg, He, and Hp has been determined, the fluid machines can be controlled optimally
with regards to total fluid machine power consumption, as has been described above

with reference to Fig. 3.

The present disclosure hence provides a simple way to determine network
characteristics of a fluid network system by empirically determining relations
between changes in fluid machine speed and corresponding changes in fluid flow

rate, fluid machine pressure and fluid machine power. Beneficially, these relations
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can be used to minimize the total power to be used by fluid machines in a fluid
network system and to control the fluid machines based on the minimization.
Thereby electricity can be saved and a reduced environmental footprint can be
provided. Furthermore, lower energy consumption also result in lower costs for fluid

network system operators.

The skilled person in the art realizes that the present disclosure by no means is
limited to the examples described hereabove. On the contrary, many modifications

and variations are possible within the scope of the appended claims.
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CLAIMS

1.

A method of controlling fluid flow in a fluid network system (1) by means

of a plurality of fluid machines (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2), wherein the

method comprises:

a)

b)

d)

e)

2.

obtaining a respective current fluid flow rate associated with each fluid

machine (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2),

obtaining a current fluid machine speed of each fluid machine (7-1, 9-1, 11-1,

13-1, 13-2, 15-1, 17-2),

obtaining desired fluid flow rates in the fluid network system (1),

determining a new fluid machine speed for each fluid machine (7-1, 9-1, 11-1,
13-1, 13-2, 15-1, 17-2) based on the current fluid machine speeds and a change
in the fluid machine speed required to obtain the desired fluid flow rates,
wherein the change in the fluid machine speed is determined by minimizing a
total fluid machine power which is a function dependent of the change in the
fluid machine speed, the minimization being performed with constraints for

fluid flow rate, fluid machine pressure and fluid machine speed,

controlling the speed of the plurality of fluid machines according to the new
fluid machine speeds such that the minimum total fluid machine power in the

fluid network system is attained, and

prior to obtaining a respective current fluid flow rate, determining a model of
the total fluid machine power by determining a relation between a change in
fluid machine speed and a corresponding change in fluid machine power for
each of the plurality of fluid machines empirically, wherein the relation forms

part of the model and wherein the model is utilized for the minimization.

The method as claimed in claim 1, comprising a step f) of storing the new

fluid machine speed of each fluid machine (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2).
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3. The method as claimed in claim 1 or 2, comprising, prior to determining
the relation, changing (So) a fluid machine speed of each of the plurality of fluid

machines (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2).

4, The method as claimed in claim 3, comprising applying an input signal
pattern to the plurality of fluid machines to thereby change the fluid machine speed
of the plurality of fluid machines, which input signal pattern is applied in such a way
that the relation between the change in fluid machine speed and the corresponding

change in fluid machine power can be determined for each fluid machine.

5. The method as claimed in claim 4, wherein the input signal pattern is
such that it allows settling a fluid flow in the fluid network system (1), wherein the

steps applied to the plurality of fluid machines are kept track of.

6. The method as claimed in any of claims 3-5, wherein the changing (So)
involves sequentially changing the fluid machine speed of each of the plurality of fluid

machines (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2).

7. The method as claimed in claim 6, wherein the sequential changing
involves changing the fluid machine speed of each fluid machine (7-1, 9-1, 11-1, 13-1,
13-2, 15-1, 17-2) such that only one fluid machine (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2)
of the plurality of fluid machines is subject to a change in fluid machine speed at a

time.

8. The method as claimed in claim 6 or 7, comprising waiting between two
subsequent fluid machine speed changes until a fluid flow in the fluid network system
returns to an original state in which the fluid network system operated prior to the

step of changing a fluid machine speed.

9. The method as claimed in any of claims 2-8, wherein the step of
determining a model comprises determining a constant matrix defining the relation
between the change in fluid machine speed and the corresponding change in fluid

machine power.
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10. The method as claimed in any of the preceding claims, wherein the fluid
network system (1) is a ventilation system of an underground mine and wherein the

fluid machines are fans.

11. A computer program product comprising a computer readable medium
on which computer code is stored, which computer code when executed performs the

method as claimed in any of claims 1-10.

12. A control system (23) for fluid flow control in a fluid network system (1)
comprising a plurality of fluid machines (7-1, 9-1, 11-1, 13-1, 13-2, 15-1, 17-2), which

control system (23) comprises:

a processing system (23-1) arranged to:

obtain a respective current fluid flow rate associated with each fluid machine,

obtain a current fluid machine speed of each fluid machine,

obtain desired fluid flow rates in the fluid network system,

determine a new fluid machine speed for each fluid machine based on the
current fluid machine speeds and a change in the fluid machine speed required
to obtain the desired fluid flow rates, wherein the change in the fluid machine
speed is determined by minimizing a total fluid machine power which is a
function dependent of the change in the fluid machine speed, the minimization
being performed with constraints for fluid flow rate, fluid machine pressure

and fluid machine speed, and

control the speed of the plurality of fluid machines according to the new fluid
machine speeds such that the minimum total fluid machine power in the fluid
network system is attained, wherein the control system is arranged to
determine a model of the total fluid machine power by determining a relation
between a change in fluid machine speed and a corresponding change in fluid

machine power for each of the plurality of fluid machines empirically, wherein
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the relation forms part of the model and wherein the model is utilized for the

minimization.
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