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the insertion of the
centrifugal fan into a
system

When a fan is inserted into a system
fig. 1, it works at a specific point on
its characteristic curve “P, ", 1o which
capacity "V, " and pressure "Ht; "
correspond. Particularly the pressure
corresponds exactly with the head loss

presented by the system for that capacity.

If, for some reason, the resistance in

the system decreases, the fan speed
remaining constant, for instance owing
to the opening of an air lock, the
working point P, on the characteristic
curve changes to P2 ", as shown Fig. 2,
The curves of the sysiem vary,

depending of the nature of the resistance
for friction. Because the movement in the
ducts normally is turbulent, we can
assume with sufficient approximation that
the head losses due to the resistance,

vary with the square of the velogity,

that is with the square of the capacity,

as obviously the capacity is proportional
1o the velocity, and conseguently the
representative curve of the system is a
parabolic branch, having the apex in the
origin of the axis.

The experienced designer, calculating
exactly the head losses, for a certain
capacity, fixes a point on such a parabola
and from that point the curve can be
completely determined as, if "V 15

the capacity and ““Ht'" the head loss,

this gives for any other point:

Hy h(i)z
HU \ V

For instance, in a system where the head
|ass of the airflow corresponding 1o

the capacity of 2400 m'/h is equal

lo 500 Pa, whai will the

head loss become for a volume of

(3200

2400)-x500=730Pa
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static,dynamic and
total pressure

As stated previously, we think it correc!
to pay attention to the pressures of the
fan {total, static and dynamic) and the
methods of measurement,

The total prassure (Ht) of a gaseous
current is the sum of its static pressure
and its dynamic pressure, It is measurcd
with a manometer, connected at a tube
which is inserted into the duct with the
axis parallel to the flow and the opening
in a counter-flow direction.

The static pressure (Hst) of a gaseous
current is the force per surface area
exercised in all directions, irrespective
of the direction of the velocity. It is
measured with a manometer, connected at
a hole. The axis of the hale must be
perpendicular to the gas flow to avoid
the dynamic pressure effect produced by
the gas movement in the duct itself
being added. The dynamic pressure (Hd)
of a gaseous current is the farce per
surface area equivalent to the
transformation of the kinetic energy
into pressure energy.

1

Hdl = —;l ¢ (Kg/m?)

2¢

where:

g = acceleration of gravity 8,8 m/s?
¥ = 1.22 specific weight of the air
c = velocity of the air
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sound level

in addition to the pressure curves as a
function of volume and power curves as a
function of volume at constant rpm’s,
we have also transcribed curves

at constant sound level,

The sound level measurernents were

opening at an angle of 45° using the A
scale of the sound meter,

This remark concerning the scale used is
necessary because, as is knawn, the
response of a sound meter and hence the
reading in decibels at a given sound
signal depends on its frequency in
accordance with a law which is different
according to whether scale A, B or C
which the meter is equipped with, is used.
The most appropriate solution to noise
damping can be studied after having
effectuated the remarks on the working
fan inserted in the plant, because owing
to the influence of the duct fittings to
the reflecting of the plant's roem

a movement different from the curve of
the frequency spectrums will be obtained.
The convertion of the Sound Pressure
Level (LPS) to Sound Power Level (LWS)
is made by adding 7 dB to the LPS value,
We have shown below the frequency
spectra of the sound levels shown

on the charts.

Example: suppose that on the basis of the
performance charts we salect blower GBF
12/12 per 6000 mc/h - 400 Pa - 900 rpm
itcan be seen from the charts that these
datacorrespond toa

sound level of 75 decibels, scale A,

On the 75 decibel curve of the spectrum

chart the sound levels in decibels for d8

all frequencies from 125 108000 Hz can 100

beread.

GBF12-12 Thus, for 2000 Hz we read 66 dB. s e W
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On the performance charts for our blowers,

performed at one metre from the pressure

and to the frequency of the entire system,
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absorbed power and
installed power

The power curve shown on every diagram
represents the abserbed power at the
shaft of the fan, measured in kilo watts,
Practically the user is interested in

the motor power, which is always higher,
as overheating of the motor has to be
avoided, transmission losses have to be
ealeulated and one has to take
precautions against an increased
absorption which can occur when — owing
to acalculation error or an unforeseen
variation in the resistance of the

system — the fan will be working at a
different point to that designed. These
losses are generally 15% + 20%.
Furthermore, it is useful that every
designer values the accuracy of his own
caleulations in the decision of the
working point of the fan, in order to
choose the most appropriate motor, The
nearer to unity the safety factor to

be introduced, the nearer the true
working point will be to the
theoretically calculated one.

To determine the power of the motor to
be installed, just multiply the value

of the fan absorbed power indicated on
the diagram, by 1.2:

Pm(inkw.)=Pvx 12

in which : L

Pm= maotor power

Pv = absorbed power at the fan shaft
1.2= multiplying factor

To obtain the mator power in H.P. the
power in kilo watts is to be multiplied
by 1.34:

Pm(HP)=Pm(Kw)x 134

fan testing

From what has beaen stated, the importance
of the characteristic curves of the fans

is evident, Also, because these curves
provide the basis for the equipment
selection, they have to be carrect,

This requires tha availability of a
well-equipped testing room, according to
the most advanced technical requirements.
Furthermore, the testing room and

the control apparatus used have to
correspond to the standards accepted

by manufacturers and users,that the
instruments will be tested rigorously
according ta the abovementioned
standards and last, but not least, that

the technical personnel to execute the
tests will be highly qualified.

Instruments for capacity measurement
under the various pressures

When diaphragm E is inserted into the
test duct, having a clear passage

diameter "d” and reading the static
differential pressure "h"” with gauge M,
the latter having two branches inserted
upstream and downstream of the
diaphragm itself, the volumetric capacity
is given by.

|
5 ¥ %_ 27311

in which "a' is the discharge coefficient
(table UNI 10023 ) and "y is the
specific weight of the air.

The letters A-B-C indicate where to
measure the pressure at the fan outlet,

at the end of the truncated cone union
and in duct upstream the diaphragm;

F indicates the device for changing

the capacity,
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formulas relative to the
centrifugal fans

Generally for optimum fan selection, it
is necessary tovary the working
characteristics tosuit the system. [t

is possible by applying the essential
rules of fans and the homothety law,
based on which the fans of the same
“series” or with the same blade angle and all
the geometric dimensions varying in the
same proportions, are also proportional
as to their working characteristics.

We assume:

V = capacity in m3/h

Ht = total pressure in Pa (N/m?)

Pv = ahsorbed power in Kw

n = spead in r.p.m.

D = diameter of impeller in mm,
Indicating by 1 the fan taken into
consideration and by 2 the fan of which
the parameter will be varied.

Referring to a fan for which anly the
speed has to be changed

= N2

Vi =V, -
The capacity is proportional to the speed,
Ht = Hyy () 2

ty =HY n,
The total pressure is proportional
to the square of the speed, (and so is
the static and dynamic pressure).

L}
. Hy.
<2
The absorbed power is proportional to the
cube of the speed, Referring to a fan
with differingair density (as an effect
on the height above sea-level oras a
temperature effect) :
Vi =V,
The capacity remains unchanged,
Py =Pv; %‘%‘
The absorbed power is proportional to
the density, capacity remaining unchanged
Hiy = Ht, ?r—"
The total pressure is proportional to
the density, capacity remaining unchanged
{and 5o is the static and dynamic pressure)
Referring to aseries of homothetic fans:
Dy \?

V.=V (""')

] "\,

The capacity is proportional to the cube
of the impeller diameter,

.

Hi, =Hl,(g—’)'
I

The pressure is proportional to the square
of the impeller diametar.

5

D
Pv; =Pv,(‘-D—:)
I

The absorbed power is proportional to
the 5th power of the impeller diameter,
Practically, when the height above
sea-level, or the air temperature, or

even both parameters vary, the table of
correction factors has to be considered
{under the unit). In this way a fan is used
to provide a stabilised capacity with the
required pressure, furthermore

divided by the correction factor.
In"standard” circumstances a fan will
absorb a given power and will have a
certain total pressure, whereas in real
working conditions it will absorb a Inwero
power, which will carrespond to the
“standard’’ one multiplied by the
correction factor; so its total pressure
will correspond to the standard figure
times that factor.

Example: A fan provides 6000 m'/h

with a pressure of 350 Pa water

column, air temperature 66°C ina

site 1000 m. above sea-level. The
correction factor shown on the table
is0.77.

Now we have to choose a fan that gives
6000 m'/h with a pressure of

350 :0.77 = 450 Pa water column.
Howaever, in effective working conditions
the total pressure and consequently the
absorbed power have to be multiplied

by 0.77,

Where we are talking about a fan working
regularly at a high temperature, but

which must also work at cold (which 0
happens regularly at the start), amotor
should be selected with adequate power to
cover the increased absorption, in order

to avoid overheating.

R R A A A RS -
. Height in meters above sealevel
At 0 333 666 1000 1333 1666 2000
Temparatury Barometric pressure in mm. Hg.
il = 760 735 708 682 657 632 609
21 1,000 0,964 0,930 0,896 0,864 0,832 0,801
38 0,946 0,912 0,880 0,848 0,818 0,787 0,758
66 0,869 0,838 0,808 0,770 0,751 0,723 0,696
93 0,803 0,774 0,747 0,720 0,694 0,668 0,643
121 0,747 0,720 0,694 0,669 0,645 0,622 0,588
148 0,697 0,672 0,648 0,624 0,604 0,580 0,658
177 0,654 0,631 0,608 0,586 0,565 0,544 0,624
204 0,616 0,594 0,573 0,662 0,532 0,513 0,493
232 0,582 0,561 0,642 0.522 0,503 0,484 0,466




IR 1

AT RARTH RS2 AAERE
EHRE - WSS WIR R T (FE
PR E i R G o EELER 2 i e (R B £ 3 R
WG . SN . R EREER
RELERERR IR DY B R A RE2 (R
B ENE TS IR AR R
PESERCAQEMBARN . £EEMH
AR ORENERBERAETEE - R
WZ P @AM A S SRR E
SRR B T R A R -

fan choice

The diagrams shown below indicate
approximately the performance of the
different models.

Exact data on performances and working
conditions are shown by the curve of

gach fan, given later in this study.

The fan function is based on the operation
with clean air, within the limits

indicated by Tables Nr. 12-13. If the working
conditions of a fan do not meet with
those required in this Table, any
guarantee on performance and life of

the fan will automatically become void.
Our technical-commercial staff will be
pleased to give any reguested

clarification and indication concerning
the choice of a fan.

For more complex cases, where it is
difficult todecide if in a particular
application acertain fan choice is right,
the customer can make use of our
specialised personnel and the modern
equipment of our testing and inspection
laboratory to verify and resolve the
problem, not just on a theoretical but
also on a practical basis.
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SCROLL

For the scroll manulacture hot dip galvanised
(Sendzimir) sheet steel is used. The side plates of
an aero-dynamic profila to suil the corresponding
air inlet size, are sheared in & single piece
pressed and have ribs formed in one operation
to give the necessary rigidity at critical

points. The wrap, made of the same material,
is fixed to the side plates by means of

electric spot welding.

An aero-dynamically shaped baffle is fitted

in the seroll outlet to limit the formation

of whirls in the cutflow! the largest size

scrolls have the air inlet rings made of
aluminium, welded directly on the side plates,
using special electrodes and without the use

of additional material.

If the serall is mounted without a frame the
shaft bearings are fixed to the side plates

using a rigid system of self-cantring arms

with a minimal frontal section to reduce the
airflow Iriction losses.

A series of holes previously formed in the

side plates, enable the scroll to be fitted

with two mounting feet and a motor mounting
bracket, 4 positions can be selected for the
feet and B for the motor mounting bracket.
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IMPELLERS

The impellers are constructed with
forward-curved blades, specially profiled in
order to obtain a maximum efficiency and
low noise level.
From 7' up to 18" models, the blades have
been spun on both peripheries; this operation
is carried out by a fully automatic process
that ensures the necessary rigidity and
sccuracy, but does not cause stresses.
The malarial used Is galvanised sheal sieal
(Sendzimir). For impellers of 20" diamelar
or more, the blades are fixed to the
centre-plate and to the inlet rings by
maans of quadruple riveting giving
a maora robust joint for continuous
use at maximum output.
These larger diameter whaoels, made of
galvanised sheet steel, are also fitted with
special adjustable stay rods giving maximum
rigidity and concentricity and preventing
accidental deformation. These stay rods are
calibrated in our works during static and
dynamic balancing operations by our specially
trained staff, and we advise against any
further adjustment by incompetent staffl.
Among the characteristic of the NICOTRA fant
we would emphasise:
— continuous blades without a
central break,
— absence of rotating arms on the air inlets.
— double impeller centre-plate of
aero-dynamie profile.
— impellers completely cold-assembled. |
— absence of welding and, consequently,
na possibility of fractures,
= blades fixed rigidly at three points
preventing flexing.
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FRAME

This consists of galvanized angular bars,
joined in a cube-form cage.

The components for the frama are sheared,
bent and welded in a way to obtain the
necessary accurate dimensions and maximum
rigidity, this in a cycle of semi-automatic
operations with the aid of special templates.
Each side of the frame has 4 holes for easy
fixing. In those fans having a frame the
bearing mountings are fixed inside the frame
itself in order to free the scroll completely
from any reactions on the supports due to the
whaael rotation or belt tensions,
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With the exclusion of the electro-Tans, all
units have ball race type shaft bearings,

which are hermetically sealed, pre-greased

and salf-aligning. Up to 18" fan size these

are mounted on rubbaer and for the larger units
they are mounted on cast iron supports.,

All bearings used on the fans are of

top quality and are selected for a low noise
level, The grease reserve of the pre-packed
bearings allows for sarvice free use under
normal duties, but those mounted on cast iron
supports are equipped with the grease point,
Tha dismantling of the bearings should be
carrigd out only by trained personnel,
fallowing the specific assembly directions
supplied on demand by the bearing manulacturer
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HUBS

The impeller-shaft cannection is ensured by

a flanged hub, manufactured in drop-forged
steel both for the small diameters and for the
larger models. The hub is fixed to the impeller
by a riveted joint or by a knurled beading,

a mothod which gquarantees a secure connection
over a long period of use.

The hub-to-shalt connection is made by a full
length key and keyway. When the shaft excesds
a cartain diaimetar and in particular when it

is hollow, the connection to the impeller is
made by the use of special collars ensuring

a sound connection and making it possible to
avoid the heavier steel hubs, which would be
unadvisable due to the large mass.
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SHAFTS

These are made of C-40 steel by an automatic
process which positions and cuts the keyways
and the flats at the end of the shafts, which

are then being coated,

For shaft dimensions and tolerances, see Table,
Each shaft is individually inspected before

and after the galvanising process to check

the accuracy of tolerances,

Where hollow shafts are used, they are
guaranteed rust-proof, a special paint of
suitable thickness being used.

The use of the most modern machines and their
automatic control to carry out the various
phases of the working cycle, guarantes a
constant quality in the production

of large batches,
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MOUNTING

Every fan is supplied tested and ready

for mounting,

For the AT-SIMPLEX Range a pair of
base-supports can be added, which allows the
casing to be fixed on a flat base, giving four
possible discharge outlet positions. The base
plates are supplied complete with fixing screws
and anti-vibration rubbers.

The AT-CUBIK and AT-TITAN Fan Range, fixed
singly or in pairs or triplicate, do not

need any accessories, as they can be fixed using
the existing frame, which is equipped with
appropriate hales allowing four air

discharge positions,

Tha slactric motor can ba mounted on the casing
of the fan up to a power of 0,75 Kw, on it's
frame up to 2,6 Kw, or on a separate framae,
but only if rigidity coupled to the fan, up

to a maximum power, as indicated in the
instructions.

The importance of aligning the motor pulley
with the fan shaft pulley, must be emphasised,
maintaining the belt at right angles to the

fan shaft, to svoid side loading,

We would advise against mountig any type of
fan with tha shaft in the vertical axis.

The electro-fans are squipped with a terminal
board for mains connaction. Before connection,
verify the correct phase sequence, the fan
rotation, and ensure a gooad earthing,
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FINISH

All fans can be made entirely of galvanized
steal sheet (Sendzimir), that is hot dip zinc
coated before machining, or antirely of
electrophoretically painted steel sheet.

The advantages ol galvanized steel baing well

known, we will deseribe those otfered by the

alectrophoretical coating:

— pravious treatment of the sheel by washing
with a jet ol phosphatzing waler Excellent
lang lasting pml.uutiun against coni as1on

- (ol covering of any part, including the

less accessible ones with a uniform coat of

paint rigidly controlled.

paint deposit in o way 1o lessen the

sharpness of edges and corners, allowing

the unit to run imore quictly

— baking in a lurnoce at 200°C for 30
minules, giving strong surface hardening
and maximum anchorage of the paint to the
sheet
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CONTROLS AND TESTS

To maintain the necessary quality level in
continous production of thousands of pieces a
week, the introduction and maintenance of
severe tests is required, both during production
itself and on the finished product.

Technically and technologically the fan may
be a very simple machine, but one is surprised
by the intensive care and the employment of
skills necessary for these tests and inspections,
in order to guarantee parformance and life,
which ara the basic qualities of these products
During production, 8 different types of ru:.’Q
inspections are carried out, divided as fallo

1) - Quality and dimension controls on the raw
materials when these are not of our own
production, (sheet steel, profiles, aluminium
strips, motors, bearings etc.).

2) - Quality controls on sample units on the
semi-finished products befare storing, (shafts,
blades, supports, hubs, ete.),

3) - Swtic and dynamic balancing of all the
produced impellers.

4) - Periodic controls on the efficiency of the
tools after a pre-established number of working
hours.

5) - Quality controls on every impeller at the
and of the assembly line.

6) - Tests on the working fan for the types
directly coupled to an electric motor.

7) - Destruction tests, to include corrosion,

life and overload, on the samples selected

from the production line.

8) - Periodical checks of the true performances
in various working conditions in the

"tasting tunnel”,

The importance of the checks reserved tfor all
our produced impellers is duly underined:
After an initial inspection of the hub fixing,
every impeller is trued in respect of its own
axis with the aid of a positively constructed
template, and after this it passes on to the
sctual balancing, carried out by various well
equipped machines, (the most suitable is chosen,
on the basis of the fan weight),

All fans are balanced in accordance with 1SO
Norms 1940 Standard.
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AIR AIR AIR AIR
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