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The paper presents numerical investigations of a new method of regulation of an axial fan. This method
is based on dividing the impeller blade and stator guide vane into two parts, i.e., �xed and movable.
The proposed new method was compared with a reference fan, in which the system with whole movable
blade regulation is applied. Flow simulations aimed at the evaluation of the regulation characteristic
of both solutions. The results showed that the new regulation method has a wider regulation control
parameter, with values 10.2% and 12.2% higher for �ow and pressure, respectively, than those of the
reference fan. The drawback of the new idea is the restricted regulation range in the case of higher
�ows and pressures, which results from growing �uid �ow losses. The obtained results suggest that the
optimal regulation method would be a combination of the two approaches considered in the project. It
means that an impeller with whole regulation blade and a stator guide vane with movable front part
should have better performance.
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1. Introduction

Nowaday, energy consumption and costs are very
important issue in modern communities. Growing
energy prices and demands, in conjuction with en-
vironmental requirements, result in the need of con-
stant development of the most energy-consuming
machinery. For instance, fans are the third largest
group of industrial machinery responsible for en-
ergy consumption in the European Union (EU). The
general electricity consumed by fans was 230 TWh
annually in 2010, 300 TWh/a in 2020 � and the
amount is still growing, with an expected value of
about 345 TWh/a in 2030. Within this group, ax-
ial fans with a pressure above 300 Pa are responsi-
ble for electricity consumption of about 80 TWh/a.
In EU, there are 4 billion fans, of which 214 mil-
lion (about 5%) are industrial fans with power be-
tween 125 and 500 kW and are responsible for
about 80% of the total fan electricity consump-
tion [1]. This fact has led to the implementation

of polices aimed at enhancing fan e�ciency. Such
minimal requirements are given, for example, in
EU regulations like Commission Regulation (EU)
No. 327/2011 and Commission Regulation (EU)
2024/1834 [2, 3].
The above facts, in combination with growing en-

ergy prices, are the main reasons for users of fans
to want these devices to be more e�cient. As a
consequence, the development of new fan regula-
tion methods is still relevant. Basically, fans are
selected to operate around one working point. It
means that at this point, they should work with
the highest e�ciency. Unfortunately, in the case of
many industrial processes, the fan working point
can vary, sometimes over a wide range. This is a
result of varying industrial process requirements or
changes in the installation (for example, the exten-
sion or reduction of an underground mine). Such
situations lead to a decrease of the fan's average
operation e�ciency, which can be even much lower
than the maximal one. To ensure operation with rel-
atively high e�ciency over a wider range, fans need
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Fig. 1. A new idea of an axial fan with regula-
tion based on the use of divided impeller blades and
guide vanes into two parts, i.e., �xed and movable.

to be adjusted. There are many methods for regu-
lating fans, from which, in the case of axial devices,
regulation with use of frequency converters, regu-
lation with the use of guide vanes, and regulation
with the use of impeller movable blades are widely
employed [4�13].

Literature survey indicates that there are �elds
where a lack of knowledge still exists. The need
for further improvement is underlined in scienti�c
works published in recent years [14�17]. Up to now,
no works have been done to �nd whether an ax-
ial fan with both divided impeller blades and guide
vanes are used, where one part is movable related to
the other (�xed part). The movement of the mov-
able blade or vane movable part leads to change of
the fan's �ow parameters. This new idea is shown
in Fig. 1. Knowledge of the regulation parameters of
a fan with such solution will give a chance to com-
pare it with other methods, and because of this, the
results of simulations of a reference fan with the reg-
ulation method using movable impeller blades will
also be described. It seems that the fan with the
new regulation method should have a wider oper-
ation range with relatively high e�ciency, and the
use of divided blades should result in lower value of
force demanded to rotate movable blades. What is
very important, such a method can be realized with-
out need of implementation of the special steering
devices. In such a case, blade adjustment is realized
during fan standstill and is much cheaper than reg-
ulation mechanisms used during impeller rotation
or frequency converters used to change rotational
speed.

Within this paper the new concept of axial fan
regulation is described. The scope is focused on
the numerical investigation of the prototype of the
fan with the new regulation method. The design
and calculation stages, realized within the inter-
national EUREKA ETAF projec, are summarized
within this work. They resulted in the �nal geo-
metrical form of the prototype fan that is currently
under construction and will be tested in the next
months.

TABLE I

Geometrical data of the basic axial fan and its smaller
model.

Fan Unit

Basic

axial

fan

Smaller

model of

axial fan

Flow rate Q m3/s 458.3 17.8

Total pressure rise ∆pt Pa 4905 1386

External impeller

diameter Dz
mm 3700 1000

Impeller rotational

speed n
rpm 750 1475

Power P kW 2800 31

Number of impeller blades − 10 10

Number of guide vanes − 9 9

For the purpose of the work described in the ar-
ticle, a fan with a common design has been cho-
sen. In this design, the fan consists of a rotat-
ing impeller and stator guide vanes. Fans with
such forms are widely used, for example, in ven-
tilation systems, and because of this, the authors
decided to design an axial fan as a potential
replacement of the biggest centrifugal fan used in
Polish underground mine ventilation systems, which
is WPK-5,35. Nominal working point of this fan is
within the �ow rate Q = 458.3m3/s with total pres-
sure rise ∆pt = 4905 Pa. Basic data of the axial fan
is presented in Table I. Due to the high power in
the case of the WPK-5,35 fan (about 2.8 MW), to
realize goals of the project, a smaller model of the
axial fan was considered. Its data is given in Table I
and was de�ned according to the a�nity law [4�13].
The presented study will �ll the gaps in knowl-

edge about fan regulation methods, since it mainly
covers a new, previously unknown, regulation
method of the axial fan.

2. Numerical �ow calculations

Numerical �ow calculations are nowadays crucial
during �ow machinery design and preliminary eval-
uation [10, 14, 15, 18�23].
The method is based on the solution of the con-

tinuity and Navier�Stokes equations [10, 18�20, 24]

∂ci
∂xi

= 0 (1)

and

∂(ρ ci)

∂t
+

∂(ρ ci cj)

∂xj
=

∂p

∂xi
+ µ

∂2ci
∂x2

j

+ ρ fi, (2)

where: ci � velocity components, p � static pres-
sure, fi � external forces, µ � dynamic viscosity.
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Fig. 2. Exemplary polyhedral mesh generated one
the reference model of the axial fan.

In practice, partial diferential equations are re-
placed by a system of algebraic equations. Such
system of equations is solved numerically until the
results, mainly in the form of pressure, velocity,
density, and temperature distributions as well as
streamlines, are obtained within the calculation do-
main [24].
In the case of the current work, an axial fan with

two di�erent regulation methods has been consid-
ered. The �rst fan was equiped with an already
known regulation method based on the rotation of
the movable impeller blades. Such fan is a refer-
ence fan in the present project. The second fan was
equiped with a proposed new regulation method
(i.e., a change of geometry based on the divisions of
the impeller blades and stator vanes into �xed and
movable parts). Because of that, a preliminary com-
parison of the new method with the already known
one can be performed.
Firstly, the veri�cation of the reference model will

be described. Then, computational �uid dynamics
(CFD) simulations of the fan with the new regula-
tion method will be described.

2.1. Veri�cation of the model

In order to get reliable turbo machinery �ow per-
formance curves using CFD technique, the simula-
tion model should be both veri�ed and validated.
In the case of the current work, only veri�cation
can be realized, as these are design stages of the
project and the prototype of such fan will be tested
in the near future. In practice, the veri�cation of
numerical model can be realized by evaluating the
discretization error. This is performed through a
grid re�nement study, where at least two mod-
els with di�erent numbers of elements should be
calculated [25, 26].
Within this work, the veri�cation has been car-

ried out based on the reference model of a fan in
the basic blade position. Models with three di�er-
ent mesh sizes have been prepared: (i) a model with
the most re�ned mesh and the number of elements
N1 = 1447217, (ii) a model with a medium mesh
size and the number of elements N2 = 1138548, and

Fig. 3. Geometrical model od 1/10 of the impeller
and 1/9 of the stator, with a description of the de-
�ned �uid �ow zones.

(iii) a model with a coarse mesh and the number
of elements N3 = 541847. In each case, the gener-
ated mesh was a polyhedral mesh with re�ned grids
along the walls to ensure that the wall distance
parameter y+ remains below 250. The simulation
models used in this work have been prepared with
periodic boundary conditions, since the impeller is
equipped with 10 blades and the stator with 9 vanes,
and the other elements are axially symmetrical. A
model with the de�ned di�erent �uid �ow domains
is shown in Fig. 2, whereas an exemplary mesh is
shown in Fig. 3.

Simulations were conducted for steady-state �ow,
assuming a �xed position between the impeller and
stator. To account for the components responsible
for the rotational movement of the �uid in the rotat-
ing zone, the so-called frozen rotor approach was ap-
plied, with a rotational speed of the impeller equal
to 1475 rpm [24, 27, 28]. In order to obtain fan
characteristics under standard conditions, air with
a constant density of 1.2 kg/m3 was de�ned as the
�uid. The calculations were performed with the use
of two equation turbulence model (k�ε, Realizable),
which is useful in such simulations [10, 18�22].

To comply with standardization, fan �ow perfor-
mance curves should be evaluated based on at least
�ve di�erent working points (WP). For this reason,
simulations have been performed at �ve di�erent
points (numbered P1 to P5, from the minimum to
the maximum considered �ow rate value). In each
case, the inlet boundary condition was velocity in-
let with velocity value de�ned according to the re-
quired �ow rate. Inlet and outlet boundary condi-
tions (BC) were de�ned respectively as velocity inlet
BC and pressure outlet BC. Inlet velocity was de-
�ned according to required �ow rate whereas outlet
pressure value was equal to 0 Pa.

The results of the calculations veri�cating a ref-
erence model are summarized in Table II. From the
fan performance curves (Fig. 4), it is clear that the
models with the considered mesh sizes give com-
parable results for the total pressure rise (Fig. 4a)
and e�ciency (Fig. 4b). Larger di�erences between
the curves are seen for the power characteristic
(Fig. 4c). Despite of this, the model can be consid-
ered su�ciently accurate for further calculations.
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Fig. 4. The results of the model veri�cation pro-
cess presented as fan performance curves ((a) to-
tal pressure rise, (b) fan e�ciency, and (c) power
in function of �ow) for models with di�erent mesh
sizes N1, N2, N3; WP � fan design point.

Fig. 5. Reference fan regulation characteristic for
di�erent blade positions. Curves of minimal e�-
ciency equal to 60% and 70%, as well as an ex-
emplary system pressure drop curve (R) passing
through the fan design point (WP), are also shown.

2.2. Calculations of a reference fan with movable
impeller blades

An improved version of the basic fan was used
in further calculations. The aim was to determine
the regulation characteristic for a reference fan with

TABLE II

Results of CFD calculation and the veri�cation pro-
cess of the reference fan; WP � working point, Q �
�ow rate, ∆pt � fan total pressure rise, Pw � shaft
power, Ph � hydraulic power, ηtw � total e�ciency
related to shaft power.

Mesh

Number

of

elements

WP
Q

[m3/s]

∆pt

[Pa]

Pw

[kW]

Ph

[kW]

ηtw

[%]

N3 541847

P1 14.24 1501 29.9 21.4 71.5

P2 16.02 1596 32.6 25.6 78.5

P3 17.79 1477 32.9 26.3 79.9

P4 19.57 1235 31.8 24.2 76.1

P5 21.35 839 29.4 17.9 60.9

N2 1138584

P1 14.24 1640 31.3 23.4 74.7

P2 16.02 1601 32.3 25.7 79.3

P3 17.79 1484 32.8 26.4 80.5

P4 19.57 1243 31.9 24.3 76.1

P5 21.35 901 30.3 19.2 63.5

N1 1447217

P1 14.24 1583 31.1 22.5 72.5

P2 16.02 1594 32.2 25.5 79.2

P3 17.79 1447 32.3 25.7 79.7

P4 19.57 1175 31.5 23.0 72.9

P5 21.35 850 30.0 18.1 60.5

whole movable blades. The regulation was achieved
by varying the blade angle, which is well known and
widely used method. The impeller blades were as-
sumed to rotate in the range from −10◦ to +20◦,
relative to the basic blade position. Calculations
of the fan regulation characteristic were performed
for these and few other middle blade positions
(−5◦,+5◦,+10◦,+15◦). The resulting regulation
characteristic is shown in Fig. 5, which also indi-
cates the basic (0◦), minimum (+20◦) and maxi-
mum (−10◦) blade positions. In this �gure, the min-
imum range of the fan operation corresponding to
minimum e�ciency equal to 60% and 70% is drawn.
An exemplary system pressure drop curve (R) is
also included.

2.3. Calculations of a fan with the new regulation
method

Calculations of the axial fan using the invented,
new regulation method were realized in two steps.
Firstly, CFD simulations have been used to estimate
which of the impeller blade division is the most ap-
propriate for the considered fan. Three di�erent di-
visions were assumed for evaluation (movable blade
length equal to 1/2, 1/3, and 1/4 of the whole blade
length). In the case of the stator vane, it was as-
sumed that the length of the movable vane part is
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Fig. 6. Comparison of total pressure curves for
limiting positions calculated using the new regula-
tion method, with two di�erent blade divisions (1/2
and 1/3) and di�erent blade and vanes rotation an-
gles. For comparison, the curves of a reference fan
at the limiting the movable blade positions (+20◦

and −10◦) are plotted. Additionally, two fans rep-
resenting the �nal limiting positions of the movable
blade and vane parts are shown.

1/3 of the whole vane length, and this was not veri-
�ed within the project. The second step was to �nd
limiting positions of the movable blade and vane
parts with the goal to cover a similar regulation
range as for the reference fan (shown in Fig. 6 for
limiting movable blade positions of−10◦ and+20◦).
In this step, the work was also focused on optimiz-
ing the movable blade and vane rotation angles to
enhance the fan e�ciency.
The selection of the most appropriate movable

blade length was performed iteratively in tens of
simulations. In this process, comparison were made
not only for the fan with blade divided in the por-
tions 1/2, 1/3 and 1/4 for the fan design point and
basic blade position, but also for other blade po-
sitions and other working points. Only such ap-
proach gave a chance to select the most appro-
priate movable blade division, since the axial fan
should work with the highest possible e�ciency over
a wide range. The results obtained for the calcu-
lation at the fan design point are summarized in
Table III. The �nal comparison of the obtained re-
sults can be performed for few considered movable
blade and vane positions, compiled in Table IV with
the �ow calculation results presented in Table V.
For these con�gurations, the obtained �ow calcula-
tion results are plotted in Fig. 7. From this data, it
is clear that the fan designed with the new regula-
tion method and a 1/2 blade division has the best
performance compared to the other considered di-
visions. Unfortunately, the calculations shown that
the new idea has limitation regarding regulation to
higher �ow rates and pressure rise values and does
not allow achieving results for the maximal whole

Fig. 7. Fan regulation characteristic (limiting fan
pressure curves for a reference fan with whole mov-
able blade, with drawn lines of minimal e�ciency
60% and 70%, and limiting fan pressure curves for
a fan with the new regulation method and with a
line of minimal e�ciency 60%). The dotted red line
shows the fan selection point and the center red line
represents the system pressure curve; points A�D
are used to calculate the fan control range for both
methods.

movable blade position (−10◦). It is caused by grow-
ing �ow losses when blade rotation angles higher
than about −15◦ are considered (compare curves
for angles −20◦, −15◦ with −9◦).
Ultimately, based on the performed analysis, the

following conclusions and further recommendations
for the manufacturing of the fan prototype can be
given:

(i) The most appropriate movable blade division
is 1/2. Such con�guration covers a wider range
of working points with higher e�ciency than
the other divisions, with relatively smaller ro-
tation angles of the movable blade and vane
elements in the same time.

(ii) The limiting positions of the movable blade
are selected as +30◦ and −15◦ and of the vane
as 0◦ and +13.5◦. Both positions are shown
in Fig. 6.

2.4. Comparison of results

The simulation results allowed for a comparison
of a reference fan with fully movable blade and a fan
using the new regulation method. It was realized
with the use of a control range parameter, which is
calculated in terms of the �ow rate or pressure. This
parameter is calculated as the ratio of the di�erence
between the maximum and minimum values of the
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TABLE III

Comparison of simulation results for three di�erent
blade divisions calculated at the fan design point
(P3); WP � working point, Q � �ow rate, ∆pt �
fan total pressure rise, Pw � shaft power, Ph � hy-
draulic power, ηtw � total e�ciency related to shaft
power.

Blade

division

ratio

WP
Q

[m3/s]

∆pt

[Pa]

Pw

[kW]

Ph

[kW]

ηtw

[%]

1/2

P3

17.79 1436 31.4 25.6 81.4

1/3 17.79 1419 30.9 25.3 81.6

1/4 17.79 1414 31.4 25.2 80.1

TABLE IV

Description of the models used for the �nal consider-
ation of the new regulation method.

Model designation
Blade

division

Blade

rotation

angle

Vane

rotation

angle

1/2_W+30 K+13.5 1/2 +30◦ +13.5◦

1/2_W+25 K+13.5 1/2 +25◦ +13.5◦

1/2_W-9 K0 1/2 −9◦ 0◦

1/2_W-15 K+4 1/2 −15◦ +4◦

1/2_W-20 K0 1/2 −20◦ 0◦

1/3_W+30 K+13.5 1/3 +30◦ +13.5◦

1/3_W+25 K+8.5 1/3 +25◦ +8.5◦

1/3_W-9 K0 1/3 −9◦ 0◦

�ow or pressure to the maximum value, within the
e�ciency range of at least 60%, according to follow-
ing equations [4, 29]

lQ =
Qmax −Qmin

Qmax
(3)

in relation to �ow rate, and

lp =
∆pmax −∆pmin

∆pmax
(4)

in relation to pressure, where: Qmax � maximum
�ow value, Qmin � minimum �ow value, ∆pmax �
maximum pressure value, ∆pmin � minimum pres-
sure value.
In Fig. 7, the total pressure rise curves for the

limiting positions of the two compared methods are
shown. Based on the exemplary system pressure
drop curve plotted through the fan design point
(WP), the regulation range is marked by points A
and B for the reference fan, and by points C and D
in the case of the new regulation method. Using
(3) and (4), the regulation range for both fans has
been calculated. A summary of this analysis is pre-
sented in Table VI. From the numerical data, it is
clear that for the considered fan, the new regulation
method ensures an increase of the �ow regulation

TABLE V

Results of CFD calculation of di�erent blade and vane
con�gurations; WP � working point, Q � �ow rate,
∆pt � fan total pressure rise, Pw � shaft power, Ph

� hydraulic power, ηtw � total e�ciency related to
shaft power.

Model

designation
WP

Q

[m3/s]

∆pt

[Pa]

Pw

[kW]

Ph

[kW]

ηtw

[%]

1/2_W+30 K+13.5

P1 9.00 638 9.9 5.7 57.8

P2 9.99 546 9.0 5.5 60.7

P3 10.99 340 7.2 3.7 52.2

1/2_W+25 K+13.5

P1 9.99 820 12.8 8.2 63.9

P2 11.51 660 11.1 7.6 68.7

P3 13.01 348 8.1 4.5 56.2

1/2_W-9 K0

P1 15.99 1744 37.6 27.9 74.2

P2 17.00 1734 38.1 29.5 77.4

P3 18.00 1698 38.6 30.6 79.1

P4 18.50 1675 39.1 31.0 79.3

P5 18.99 1629 39.5 30.9 78.2

P6 20.00 1418 38.9 28.4 73.0

1/2_W-15 K+4

P1 17.00 1778 42.5 30.2 71.1

P2 18.00 1729 42.5 31.1 73.3

P3 18.99 1688 43.6 32.1 73.5

P4 20.00 1514 43.3 30.3 70.0

P5 21.00 1379 43.3 28.9 66.8

P6 22.03 1249 43.6 27.5 63.1

1/2_W-20 K0

P1 18.99 1595 45.7 30.3 66.3

P2 20.00 1405 45.5 28.1 61.8

P3 21.00 1293 46.1 27.2 58.9

1/3_W+30 K+13.5

P1 9.50 700 12.2 6.7 54.4

P2 9.99 701 12.3 7.0 57.0

P3 10.50 694 12.3 7.3 59.5

P4 10.95 680 12.2 7.4 61.2

P5 11.49 644 11.8 7.4 62.6

P6 12.00 581 11.3 7.0 61.7

1/3_W+25 K+8.5

P1 10.49 827 14.4 8.7 60.2

P2 11.51 844 14.6 9.7 66.4

P3 13.01 706 13.4 9.2 68.7

P4 13.94 540 11.6 7.5 64.8

1/3_W-9 K0

P1 18.00 1586 36.3 28.5 78.6

P2 18.50 1561 36.6 28.9 78.9

P3 18.99 1525 36.8 29.0 78.7

P4 20.00 1388 36.7 27.8 75.6

parameter by 10.2% and by 12.2%, respectively, in
terms of �ow and pressure. This is mainly due to the
fact that the new regulation method extends the
range of economical fan operation (generally with
e�ciency above 60% [4, 29]) in the range of lower
�ows and pressures. On the other hand, numeri-
cal investigations indicate that the new regulation
method cannot achieve as high �ow rates and pres-
sures as the regulation with whole movable blades.
In the case of regulation at higher �ow and pres-
sure values, losses increase more rapidly and due
to this the maximal e�ciencies in this range are
smaller compared to the regulation with whole mov-
able blade.
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TABLE VI

Comparison of a control range parameter for the fan
with whole movable blade and the fan with the new
regulation method.

Control

range

parameter

Reference fan

with whole

movable blade

Fan with new

regulation method

lQ 32.5% 42.7%

lp 54.9% 67.1%

Numerical tests of the new regulation method and
its comparison with the reference fan leads to the
conclusion that a better regulation method would
be a combination of an impeller with whole movable
blade and divided stator guide vanes with movable
front parts. Such a solution should extend range of
economical operation of the fan with whole movable
blade, especially in lower �ow and pressure values.

3. Discussion

The results of the fan with the new regulation
method show its possible usage area. In cases where
there is a requirement for regulation at lower pres-
sures and �ow values, it can be realized with en-
hanced e�ciency. Due to this, a signi�cant reduc-
tion of electricity consumption in many industrial
sectors can be achieved. This method can be use-
ful for larger fans, especially those with power
above 500 kW. In such cases, users do not want to
invest a lot of money in frequency converters and
the required infrastructure, but they still want to
have possibility to adjust the fan to a new working
point, even if this is realized during fan standstill.
Regulation of the axial fan through its geome-

try adjustment has advantages related to the use
of frequency converters. Firstly, such method does
not in�uence the rotational speed and thus has a
much lower impact onto stresses in the structure.
In the case of frequency converters, there is a re-
stricted region of regulation for higher �ows and
pressures, which can be reached only by increasing
the rotational speed. In such a situation, stresses
in the structure can exceed allowable limits. The
second problem is connected with rotating masses
and the resultant inertia forces. When the rotational
speed is changed for larger fans with a high impeller
mass, dynamic e�ects during such process can sig-
ni�cantly decrease the reliability of the fan compo-
nents (rotating parts, bearings etc.). This may even
be increased in cases when any of the fan's natural
frequencies are met, resulting in higher vibration
level due to resonance e�ect.
Fan users accept the fact that a regulation

method based on geometry change is the most re-
liable and much cheaper when there is no steering

mechanism that would allow users to regulate the
fan during its operation. In installations where �ow
and pressure requirements do not change rapidly,
such solution can be a compromise between fan
price, reliability, and electricity savings. In many
cases, it is much better to have any regulation
method than operate the fan in low e�ciency ranges
for longer period without the possibility to adjust
its parameters.

4. Conclusions

The proposed new axial fan regulation method
showed that it can be a useful way to adjust in-
dustrial axial fans with larger powers. The results
proved that such fan adjustment can extend the op-
eration range of fan with higher e�ciency compared
to fans without any regulation method.
Comparison of the invented regulation method

with the well-known method used in the refer-
ence fan (with whole movable blade) uncovered
some advantages and disadvantages of the pro-
posed approach, considering limitations of the cur-
rent project. The most noticeable features of the
new regulation method are as follows:

� The new method provides a higher regulation
control range parameter related to �ow and
pressure, by 10.2% and 12.2%, respectively.

� The new method o�ers a much wider regu-
lation range in the lower �ow and pressure
region.

� The new regulation method is unable to reach
pressure and �ow values as high as those re-
quired for the reference fan. This is mainly
due to the fact that the blade angle of attack
does not change (i.e., does not decrease) in
the same way as the movable blade end. As a
result, growing �ow losses occur.

� The division of the blade into a front (�xed)
and rear (movable) part results in a gap be-
tween both elements. This gap causes pressure
losses due to �ow through the suction side to
the pressure blade side. For this reason, this
gap should be kept as small as possible.

These conclusions �ll the gaps in knowledge
about di�erent regulation methods of an axial fan,
since they address a newly invented method that
� up to now � has not been considered or inves-
tigated. And what is more, this has been realized
in comparison to already known and widely used
regulation method.
Here it needs to be emphasized that conclusions

stated above will be veri�ed on a real object dur-
ing �eld tests that are being prepared and will be
carried out in next months.
Ultimately, an additional important conclusion

arising from the conducted work is that better reg-
ulation parameters would be ensured by a fan with
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combined regulation method proposed in the refer-
ence fan and in the new idea of regulation. This
means that the fan with whole movable blades
and divided stator guide vane (movable front part)
should have signi�cantly better performance than
both solutions considered in the project.
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